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not a DCI message on the PDCCH is intended for paging.  APPLE-1020, 

¶[0213]. 

43. During paging, the UE initiates a reception (Rx) process to monitor 

(i.e., blindly decode) the PDCCH search space at a paging occasion (PO). If no 

paging indicator is found in the control region, the UE turns off the Rx process 

and waits for the next paging occasion. If DCI is detected, the UE decodes the 

corresponding PDSCH to obtain the paging message. APPLE-1010, ¶¶257-260. 

 

Weng, Figs. 11, 13, Annotated 
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5. Coverage Enhancement (CE) 

44. Conventional 4G/LTE includes a coverage enhancement (CE) 

mode where a base station may repeat signal transmissions, allowing a UE to 

attempt repeated receptions to improve decoding success. APPLE-1013, 13:22-

24, 14:3-15:11, 15:23-16:8, Fig. 6. This is beneficial for weak signal reception, 

such as at the cell edge. In CE mode for paging, the same PDCCH may be 

repeatedly transmitted in multiple common search spaces (CSSs) across several 

subframes, enabling a UE to monitor these CSSs during paging occasions. 

APPLE-1007, ¶¶186-200. 

 

You, Fig. 8, Annotated. 

 5G/NR Networks 

1. Configurable Numerology 

45. Due to various factors, including a wide range of available frequency 

bands (APPLE-1015, ¶¶33, 40), the 5G system supports configurable numerology, 

including variable subcarrier spacing and symbol duration.  Id., ¶57; APPLE-1016, 
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p. 1. For example, during time period 90 in the figure below, bandwidth is divided 

into four subbands with 7.5, 15, 30, and 60 kHz subcarrier spacings, respectively. 

During time period 92, a new division creates two subbands with different 

subcarrier spacings.  APPLE-1016, ¶35, Fig. 1. Each subcarrier spacing 

corresponds to a different symbol and/or slot duration because different subcarrier 

spacings lead to different symbol durations. APPLE-1017, ¶72; APPLE-1024, 

Table 2 (reproduced below); APPLE-1022, ¶21. 

 

Islam, Fig. 1.    



Attorney Docket No. 50095-0235IP1 

IPR of U.S. Patent No. 11,917,581 

28 

 

R1-165162, (APPLE-1024), Table 2 

2. Various Frame Structures 

46. As discussed above, different subcarrier spacings (i.e., numerologies) 

result in different frame structures. Thus, 5G's flexible numerology allows for 

multiple frame structures to schedule DCI transmission/monitoring, such as paging 

scheduling information. APPLE-1018, ¶¶155-163 (Tables 1-3). The ’581 patent's 

portrayal of this flexibility as inventive is unfounded, as it already existed in prior 

art, including Yeo, Liu, Fwu, and Pelletier. For instance, Yeo describes “acquiring 

system information using numerology associated with the control channel among a 

plurality of numerologies that the terminal supports,” as well as using different frame 

structures resulting from different subcarrier spacings.  APPLE-1005, 4:67-5:3, 

FIGs. 2B-2D; APPLE-1006, FIGs. 3b-3d, [0474].  

VII. THE ’581 PATENT 

 Summary  

47. The ’581 patent describes a method and device for paging transmission 

in a communication system with multiple numerologies, which include various 
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subcarrier spacings and symbol time lengths (APPLE-1001, 1:20-25, 41-48). It 

outlines a process for determining paging transmission opportunities based on the 

numerology used (Id., 2:8-16). Specifically, it claims: (i) using a first signaling to 

schedule a paging message; (ii) monitoring the first signaling in X time intervals; 

and (iii) using location of a subband associated with the first signaling to determine 

the X time intervals.  Id., 23:15-29. 

48. As to the first aspect (i), annotated FIG. 8 below shows that the first 

signaling determines scheduling information for the first radio signal (APPLE-1001, 

19:54-64). This signaling can be physical layer signaling, like DCI (downlink 

control information), transmitted via a PDCCH (Id., 20:8-14). The first radio signal 

carrying the paging message may be sent on a PDSCH (Id., 20:18-19).  The “second 

radio signal [can be] transmitted on a Physical Broadcast channel (PBCH)” and carry 

either “Master Information Block Information (MIB) information” or “System 

Information Block Information (SIB) information.” Id., 5:45-52. 
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49. Second concept (ii) is depicted below in annotated FIG. 6 (below), 

where each filled rectangle signifies a paging time interval monitored by a specific 

UE within a particular time window. For instance, UE#2 monitors a first signaling 

in X2 time intervals, which are part of time window #b.  APPLE-1001, 17:66-18:1. 
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50. Regarding concept (iii), although the ’581 Patent claims that the 

location of a subband is used for determining X, the patent does not explicitly 

describe how the determination is made based on the location of the subband.   

Rather, the ’581 patent states that, for each UE, the subband of the frequency domain 

resource used for transmitting the first signaling “includes a positive integer number 

of consecutive subcarriers in frequency domain.” APPLE-1001, 18:7-8. Annotated 

FIG 7 illustrates a special case (X=1) for using the subcarrier spacing to determine 

the X time intervals. Id., 18:49-54. Specifically, each UE (UE_a, UE_b, UE_c, or 

UE_d) is associated with a respective time window. Id., 18:55-64, Fig. 7. The 

subcarrier spacing associated with each UE affects how to divide the respective time 

window into Y time intervals, and the feature ID of the UE is used to determine 

which one of the Y time intervals includes the X=1 time interval. Id. The ’581 patent 

further clarifies that the time length of each X time interval is correlated with the 

subcarrier spacing. Id., 19:7-10. Thus, subcarrier spacing determines both the time-

domain location (i.e., which Y time interval) and the duration (i.e., time length) of 

each X time interval. 
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 Brief Prosecution History 

51. During prosecution, the application received an allowance after a single 

Office Action that set forth only a double-patenting rejection over a parent 

application.  APPLE-1002, pp.145-152.  A published application associated with 

Yeo, Mallick, and an earlier version of TS36 were cited during prosecution, but I did 

not see any substantive discussion on these references.   

 Claim Construction 

52. I understand that the words of a claim are generally given their ordinary 

and customary meaning, which I understand is the meaning that the term would have 

to a person of ordinary skill in the art in question at the time of the invention, i.e., as 

of the effective filing date of the patent application. I understand the person of 

ordinary skill in the art is deemed to read the claim term not only in the context of 

the particular claim in which the disputed term appears, but in the context of the 
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entire patent, including the specification and prosecution history. Additionally, I 

understand other extrinsic evidence external to the patent and prosecution history, 

such as dictionaries and treatises, may also be useful in determining the meaning 

that the term would have to a person of ordinary skill in the art in question at the 

time of the invention. I understand that such extrinsic evidence, however, is 

generally afforded less weight than intrinsic evidence in determining the meaning of 

claim terms, and overall is unlikely to result in a reliable interpretation of a patent 

claim scope unless considered in the context of the intrinsic evidence. 

53. I have been instructed that the “intrinsic record” includes the patent 

itself, including the claims, description, and figures (APPLE-1001, ’581 Patent), and 

the patent’s prosecution history—i.e., the record of proceedings at the U.S. Patent 

and Trademark Office (“Patent Office”) concerning the patent (APPLE-1002, 

Prosecution History). I understand that, like the claims and written description, the 

prosecution history provides evidence to a person of ordinary skill in the art of how 

the inventor intended his patent to be understood, and how the Patent Office 

understood the patent. I understand that the inventor is permitted to apply a special 

definition to the terms or to limit the scope of claim terms in his patent claims, which 

may differ from the term’s plain and ordinary meaning. That special definition or 

limitation on scope may be provided in the patent’s written description, the patent’s 

prosecution history, or both.  I understand that claim interpretation may also be 
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informed by “extrinsic evidence” (that is, evidence outside of the patent record 

itself). I have been informed that extrinsic evidence may include dictionaries, 

technical treatises, and other materials evidencing the meaning of a claim term and 

the understanding held by a POSITA in the relevant time period. 

54. I have been asked for purposes of this declaration to apply the plain and 

ordinary meaning of the claim terms as they would have been understood by a person 

of ordinary skill in the art at the earliest effective filing date of the ’581 Patent.   

55. I understand that no claim term’s construction is in dispute at this 

time. Based on my review of these materials and my personal knowledge and 

experience, I have considered each term of the ’581 Patent as it would have been 

understood by a person of ordinary skill in the art at the earliest effective filing date 

of April 19, 2017. I also understand that I am to interpret each claim term by its 

plain and ordinary meaning when applying the prior art, which I have done here. In 

my opinion, claims 1-5, 7-11, 12-17, and 19-23 (“Challenged Claims”), under their 

plain and ordinary meaning, are unpatentable for at least the reasons I address 

below in Grounds 1 and 2. 

 The Challenged Claims 

56. I understand that claims 1-5, 7-11, 12-17, and 19-23 of the ’581 

patent are being challenged in this proceeding. The claims are arranged as 



Attorney Docket No. 50095-0235IP1 

IPR of U.S. Patent No. 11,917,581 

35 

follows: 

 Claims 1-5: Method for UE 

 Claims 7-11: Method for base station 

 Claims 13-17: UE device 

 Claims 19-23: Base station device 

57. Both independent claim 1 and independent claim 13 are directed 

at the UE device for paging reception. In my opinion, independent claim 13 

is substantially similar to claim 1, except it is an apparatus claim directed to 

“[a] UE for paging,” and requires (1) “a first receiver” to monitor a first radio 

signaling in X time intervals, and (2) “a second receiver” to receive a first 

radio signal. In addition, claims 2-5 and claims 14-17 are also substantially 

identical. 

58. Both independent claim 7 and independent claim 19 are directed 

at the base station for paging transmission.  Independent claim 19 is 

substantially similar to claim 7, except it is an apparatus claim directed to a 

base station for paging, and requires (1) “a first transmitter” to transmit a first 

signaling in a positive integer number of time intervals of X time intervals, 

and (2) “a second transmitter” to transmit a first radio signal. 

59. The following tables demonstrate the similarity among the 

claims, with identical language italicized. 
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Claim 1 Claim 7 

[1pre] A method in a User Equipment 

(UE) for paging, comprising: 

[7pre] A method in a base station for 

paging, comprising: 

[1a] monitoring a first signaling in X 

time intervals; and 

[7a] transmitting a first signaling in a 

positive integer number of time 

intervals of X time intervals; and 

[1b] receiving a first radio signal; [7b] transmitting a first radio signal; 

[1c] wherein X is a positive integer;  wherein X is a positive integer; 

[1d] the first signaling is used for 

determining scheduling information for 

the first radio signal; 

the first signaling is used for 

determining scheduling information for 

the first radio signal; 

[1e] the scheduling information 

comprises occupied time-frequency 

resource, adopted Modulation Coding 

Scheme (MCS), and subcarrier spacing 

of subcarriers in occupied frequency 

domain resource; 

the scheduling information comprises 

occupied time-frequency resource, 

adopted MCS, and subcarrier spacing 

of subcarriers in occupied frequency 

domain resource; 

[1f] the first radio signal carries a 

paging message; 

the first radio signal carries a paging 

message; 

[1g] the frequency domain resource 

used for transmitting the first signaling 

belongs to a first subband; 

the frequency domain resource used for 

transmitting the first signaling belongs 

to a first subband; 

[1h] the first subband comprises a 

positive integer number of consecutive 

subcarriers in frequency domain; and 

the first subband comprises a positive 

integer number of consecutive 

subcarriers in frequency domain; and 

[1i] location of the first subband in 

frequency domain is used for 

determining the X time intervals. 

location of the first subband in 

frequency domain is used for 

determining the X time intervals. 
 

Claim 1 Claim 13 

[1pre] A method in a User Equipment 

(UE) for paging, comprising: 

A UE for paging, comprising: 

[1a] monitoring a first signaling in X 

time intervals; and 

a first receiver, to monitor a first 

signaling in X time intervals; and 

[1b] receiving a first radio signal; a second receiver, to receive a first 

radio signal; 

[1c] wherein X is a positive integer;  wherein X is a positive integer; 
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[1d] the first signaling is used for 

determining scheduling information for 

the first radio signal; 

the first signaling is used for 

determining scheduling information for 

the first radio signal; 

[1e] the scheduling information 

comprises occupied time-frequency 

resource, adopted Modulation Coding 

Scheme (MCS), and subcarrier spacing 

of subcarriers in occupied frequency 

domain resource; 

the scheduling information comprises 

occupied time-frequency resource, 

adopted MCS, and subcarrier spacing 

of subcarriers in occupied frequency 

domain resource; 

[1f] the first radio signal carries a 

paging message; 

the first radio signal carries a paging 

message; 

[1g] the frequency domain resource 

used for transmitting the first signaling 

belongs to a first subband; 

the frequency domain resource used for 

transmitting the first signaling belongs 

to a first subband; 

[1h] the first subband comprises a 

positive integer number of consecutive 

subcarriers in frequency domain; and 

the first subband comprises a positive 

integer number of consecutive 

subcarriers in frequency domain; and 

[1i] location of the first subband in 

frequency domain is used for 

determining the X time intervals. 

location of the first subband in 

frequency domain is used for 

determining the X time intervals. 
 

Claim 1 Claim 19 

[1pre] A method in a User Equipment 

(UE) for paging, comprising: 

A base station for paging, comprising: 

[1a] monitoring a first signaling in X 

time intervals; and 

a first transmitter, to transmit a first 

signaling in a positive integer number 

of time intervals of X time intervals; 

and 

[1b] receiving a first radio signal; a second transmitter, to transmit a first 

radio signal; 

[1c] wherein X is a positive integer;  wherein X is a positive integer; 

[1d] the first signaling is used for 

determining scheduling information for 

the first radio signal; 

the first signaling is used for 

determining scheduling information for 

the first radio signal; 

[1e] the scheduling information 

comprises occupied time-frequency 

resource, adopted Modulation Coding 

Scheme (MCS), and subcarrier spacing 

the scheduling information comprises 

at least one of occupied time-frequency 

resource, adopted MCS, and 

subcarrier spacing of subcarriers in 

occupied frequency domain resource; 
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of subcarriers in occupied frequency 

domain resource; 

[1f] the first radio signal carries a 

paging message; 

the first radio signal carries a paging 

message; 

[1g] the frequency domain resource 

used for transmitting the first signaling 

belongs to a first subband; 

the frequency domain resource used for 

transmitting the first signaling belongs 

to a first subband; 

[1h] the first subband comprises a 

positive integer number of consecutive 

subcarriers in frequency domain; and 

the first subband comprises a positive 

integer number of consecutive 

subcarriers in frequency domain; and 

[1i] location of the first subband in 

frequency domain is used for 

determining the X time intervals. 

subcarrier spacing of subcarriers 

included in the first subband location 

of the first subband in frequency 

domain is used for determining the X 

time intervals. 
 

Claim 2 Claim 8 

[2a] The method according to claim 1, 

wherein any one of the X time intervals 

belongs to a first time window in time 

domain;  

The method according to claim 7, 

wherein any one of the X time intervals 

belongs to a first time window in time 

domain; 

[2b] the time length of the first time 

window is predefined; 

the time length of the first time window 

is predefined; 

[2c] the first time window is divided 

into Y time intervals; 

the first time window is divided into Y 

time intervals; 

[2d] the X time intervals are X time 

intervals of the Y time intervals, Y 

being a positive integer not smaller 

than X; 

the X time intervals are X time 

intervals of the Y time intervals, Y 

being a positive integer not smaller 

than X; 

[2e] the subcarrier spacing of 

subcarriers included in the first 

subband is used for determining Y; and 

the subcarrier spacing of subcarriers 

included in the first subband is used for 

determining Y; and 

[2f] a feature ID of a monitor of the 

first signaling is used for determining 

the X time intervals in the Y time 

intervals. 

a feature ID of a monitor of the first 

signaling is used for determining the X 

time intervals in the Y time intervals, 

[2g] the feature ID refers to a 

remainder when an International 

the feature ID refers to a remainder 

when an International Mobile 



Attorney Docket No. 50095-0235IP1 

IPR of U.S. Patent No. 11,917,581 

39 

Mobile Subscriber Identification 

Number (IMSI) is divided by 1024. 

Subscriber Identification Number 

(IMSI) is divided by 1024. 
 

Claim 2 Claim 14 

[2a] The method according to claim 1, 

wherein any one of the X time intervals 

belongs to a first time window in time 

domain;  

The UE according to claim 13, wherein 

any one of the X time intervals belongs 

to a first time window in time domain; 

[2b] the time length of the first time 

window is predefined; 

the time length of the first time window 

is predefined; 

[2c] the first time window is divided 

into Y time intervals; 

the first time window is divided into Y 

time intervals; 

[2d] the X time intervals are X time 

intervals of the Y time intervals, Y 

being a positive integer not smaller 

than X; 

the X time intervals are X time 

intervals of the Y time intervals, Y 

being a positive integer not smaller 

than X; 

[2e] the subcarrier spacing of 

subcarriers included in the first 

subband is used for determining Y; and 

the subcarrier spacing of subcarriers 

included in the first subband is used for 

determining Y; and 

[2f] a feature ID of a monitor of the 

first signaling is used for determining 

the X time intervals in the Y time 

intervals. 

a feature ID of a monitor of the first 

signaling is used for determining the X 

time intervals in the Y time intervals, 

[2g] the feature ID refers to a 

remainder when an International 

Mobile Subscriber Identification 

Number (IMSI) is divided by 1024. 

the feature ID refers to a remainder 

when an International Mobile 

Subscriber Identification Number 

(IMSI) is divided by 1024. 
 

Claim 2 Claim 20 

[2a] The method according to claim 1, 

wherein any one of the X time intervals 

belongs to a first time window in time 

domain;  

The base station according to claim 19, 

wherein any one of the X time intervals 

belongs to a first time window in time 

domain; 

[2b] the time length of the first time 

window is predefined; 

the time length of the first time window 

is predefined; 

[2c] the first time window is divided 

into Y time intervals; 

the first time window is divided into Y 

time intervals; 

[2d] the X time intervals are X time 

intervals of the Y time intervals, Y 

the X time intervals are X time 

intervals of the Y time intervals, Y 
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being a positive integer not smaller 

than X; 

being a positive integer not smaller 

than X; 

[2e] the subcarrier spacing of 

subcarriers included in the first 

subband is used for determining Y; and 

the subcarrier spacing of subcarriers 

included in the first subband is used for 

determining Y; and 

[2f] a feature ID of a monitor of the 

first signaling is used for determining 

the X time intervals in the Y time 

intervals. 

a feature ID of a monitor of the first 

signaling is used for determining the X 

time intervals in the Y time intervals, 

[2g] the feature ID refers to a 

remainder when an International 

Mobile Subscriber Identification 

Number (IMSI) is divided by 1024. 

the feature ID refers to a remainder 

when an International Mobile 

Subscriber Identification Number 

(IMSI) is divided by 1024. 
 

Claim 3 Claim 9 

[3a] The method according to claim 2, 

wherein the first time window belongs 

to one of Z time windows, Z being an 

integer greater than 1;  

The method according to claim 8, 

wherein the first time window belongs 

to one of Z time windows, Z being an 

integer greater than 1; 

[3b] Z is predefined, or Z is 

configurable; 

Z is predefined, or Z is configurable; 

[3c] any two of the Z time windows 

have an equal time length, 

any two of the Z time windows have an 

equal time length, 

[3d] any two of the Z time windows are 

orthogonal in time domain, 

any two of the Z time windows are 

orthogonal in time domain, 

[3e] any one of the Z time windows is a 

radio frame, 

any one of the Z time windows is a 

radio frame, 

[3f] Z is equal to the number of radio 

frames included in a Discontinuous 

Reception (DRX) cycle; and 

Z is equal to the number of radio 

frames included in a Discontinuous 

Reception (DRX) cycle; and 

[3g] the feature ID of the monitor of 

the first signaling is used for 

determining the first time window in 

the Z time windows. 

the feature ID of the monitor of the first 

signaling is used for determining the 

first time window in the Z time 

windows. 
 

 

Claim 3 Claim 15 

[3a] The method according to claim 2, 

wherein the first time window belongs 

The UE according to claim 14, wherein 

the first time window belongs to one of 
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to one of Z time windows, Z being an 

integer greater than 1;  

Z time windows, Z being an integer 

greater than 1; 

[3b] Z is predefined, or Z is 

configurable; 

Z is predefined, or Z is configurable; 

[3c] any two of the Z time windows 

have an equal time length, 

any two of the Z time windows have an 

equal time length, 

[3d] any two of the Z time windows are 

orthogonal in time domain, 

any two of the Z time windows are 

orthogonal in time domain, 

[3e] any one of the Z time windows is a 

radio frame, 

any one of the Z time windows is a 

radio frame, 

[3f] Z is equal to the number of radio 

frames included in a Discontinuous 

Reception (DRX) cycle; and 

Z is equal to the number of radio 

frames included in a Discontinuous 

Reception (DRX) cycle; and 

[3g] the feature ID of the monitor of 

the first signaling is used for 

determining the first time window in 

the Z time windows. 

the feature ID of the monitor of the first 

signaling is used for determining the 

first time window in the Z time 

windows. 
 

Claim 3 Claim 21 

[3a] The method according to claim 2, 

wherein the first time window belongs 

to one of Z time windows, Z being an 

integer greater than 1;  

The base station according to claim 20, 

wherein the first time window belongs 

to one of Z time windows, Z being an 

integer greater than 1; 

[3b] Z is predefined, or Z is 

configurable; 

Z is predefined, or Z is configurable; 

[3c] any two of the Z time windows 

have an equal time length, 

any two of the Z time windows have an 

equal time length, 

[3d] any two of the Z time windows are 

orthogonal in time domain, 

any two of the Z time windows are 

orthogonal in time domain, 

[3e] any one of the Z time windows is a 

radio frame, 

any one of the Z time windows is a 

radio frame, 

[3f] Z is equal to the number of radio 

frames included in a Discontinuous 

Reception (DRX) cycle; and 

Z is equal to the number of radio 

frames included in a Discontinuous 

Reception (DRX) cycle; and 

[3g] the feature ID of the monitor of 

the first signaling is used for 

determining the first time window in 

the Z time windows. 

the feature ID of the monitor of the first 

signaling is used for determining the 

first time window in the Z time 

windows. 
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Claim 4 Claim 10 

The method according to claim 3, 

further comprising:  

The method according to claim 9, 

further comprising: 

receiving a third signaling; receiving a third signaling; 

wherein, the third signaling is used for 

configuring Z. 

wherein, the third signaling is used for 

configuring Z. 
 

Claim 4 Claim 16 

The method according to claim 3, 

further comprising:  

The method according to claim 15, 

wherein the second receiver further 

receiving a third signaling; receives a third signaling, 

wherein, the third signaling is used for 

configuring Z. 

the third signaling is used for 

configuring Z. 
 

Claim 4 Claim 22 

The method according to claim 3, 

further comprising:  

The method according to claim 21, 

wherein the second transmitter further  

receiving a third signaling; transmits a third signaling, 

wherein, the third signaling is used for 

configuring Z. 

the third signaling is used for 

configuring Z. 
 

Claim 5 Claim 11 

[5a] The method according to claim 1, 

further comprising: receiving a second 

radio signal; 

The method according to claim 7, 

further comprising: transmitting a 

second radio signal; 

[5b] wherein the second radio signal is 

used for determining at least one of 

location of the first subband in 

frequency domain, or subcarrier 

spacing of subcarriers included in the 

first subband;  

wherein the second radio signal is used 

for determining at least one of location 

of the first subband in frequency 

domain, or subcarrier spacing of 

subcarriers included in the first 

subband; 

[5c] the second radio signal carries 

Master Information Block (MIB) 

information, or the second radio signal 

carries System Information Block (SIB) 

information; 

the second radio signal carries Master 

Information Block (MIB) information, 

or the second radio signal carries 

System Information Block (SIB) 

information. 
 

Claim 5 Claim 17 
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[5a] The method according to claim 1, 

further comprising: receiving a second 

radio signal; 

The UE according to claim 13, wherein 

the first receiver further receives a 

second radio signal; 

[5b] wherein the second radio signal is 

used for determining at least one of 

location of the first subband in 

frequency domain, or subcarrier 

spacing of subcarriers included in the 

first subband;  

the second radio signal is for 

determining at least one of location of 

the first subband in frequency domain, 

or subcarrier spacing of subcarriers 

included in the first subband; 

[5c] the second radio signal carries 

Master Information Block (MIB) 

information, or the second radio signal 

carries System Information Block (SIB) 

information; 

the second radio signal carries Master 

Information Block (MIB) information, 

or the second radio signal carries 

System Information Block (SIB) 

information. 
 

Claim 5 Claim 23 

[5a] The method according to claim 1, 

further comprising: receiving a second 

radio signal; 

The base station according to claim 19, 

wherein the first transmitter further 

transmits a second radio signal; 

[5b] wherein the second radio signal is 

used for determining at least one of 

location of the first subband in 

frequency domain, or subcarrier 

spacing of subcarriers included in the 

first subband;  

the second radio signal is for 

determining at least one of location of 

the first subband in frequency domain, 

or subcarrier spacing of subcarriers 

included in the first subband; 

[5c] the second radio signal carries 

Master Information Block (MIB) 

information, or the second radio signal 

carries System Information Block (SIB) 

information; 

the second radio signal carries Master 

Information Block (MIB) information, 

or the second radio signal carries 

System Information Block (SIB) 

information. 
 

VIII. ANALYSIS OF THE CHALLENGED CLAIMS 

 [GROUND 1] Yeo and TS36 render obvious claims 1, 5, 7, 11, 13, 

17, 19, and 23  

1. Effective Filing Date of Yeo 
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60. I understand that Yeo (APPLE-1005) claims priority to KR 

Application 10-2016-0125809 filed on September 29, 2016 (APPLE-1006-Yeo-

Priority). For my review below, I have provided citations to Yeo (APPLE-1005) 

and also to the corresponding portions in Yeo-Priority (APPLE-1006).  Yeo also 

claims priority to KR applications 10-2016-0106427 (filed August 22, 2016), but I 

have not relied on this document for my analysis.   

2. Yeo 

61. Yeo is directed to, among other things, “paging in wireless cellular 

communication system” – and is therefore in the same technology area as the ’581 

Patent.  APPLE-1005, Title; APPLE-1006, [0013].  Like the ’581 Patent, Yeo 

addresses, in the relevant portions, paging transmission in a “5G communication 

system… for supporting a plurality of numerologies or subcarrier spacings in one 

system. APPLE-1005, 3:12-16, APPLE-1006, [0014].  As background information, 

Yeo describes the paging procedure employed in 4G LTE systems, and then 

extends the concept to adapt to variable numerologies available in 5G NR systems.  

For example, with reference to FIG. 3J, reproduced below with annotations, Yeo 

describes that in an efficient paging procedure, a terminal (or user equipment (UE)) 

wakes up for “a little while in a predetermined time interval… to observe the 

paging information from the network, allowing the terminal…to be…idle…for 
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most of the time.” APPLE-1005, 53:8-12; APPLE-1006, [0455].  For this, Yeo, 

adopts the basic paging structure of LTE, noting that a paging occasion (PO) is “a 

subframe in which the PDCCH [is] configured [to transmit information that] a 

paging  message exists,” and a paging frame (PF) is “one radio frame including 

one or more POs.”  The UE is described as being able to “observe one PO per 

discontinuous reception (DRX) period.”  APPLE-1005, 53:12-20; APPLE-1006, 

[0455].   

 
Yeo, Fig. 3J. 

62. The structure of the paging frame and PO subframe generally adheres 

to the basic structure used in LTE with each radio frame including multiple 

subframes and each subframe including two slots, each of which includes multiple 

OFDM symbols.  APPLE-1005, FIG. 3B (annotated below); APPLE-1006, FIG. 

1a.  Each OFDM symbol includes multiple resource elements that each having a 
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different frequency range.  The frequency range corresponding to each resource 

element in an OFDM symbol is referred to as a subcarrier, and the width of the 

frequency range is referred to as subcarrier spacing.   

 

Yeo, FIG. 3B, Annotated 

63. Yeo extends the above frame structure to the variable numerology 

concept in 5G, where the length or duration of each OFDM symbol varies with 
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subcarrier spacing.  Specifically, FIG. 3C (annotated below) shows resource 

elements for subcarrier spacings 15KHz, 30 KHz, and 60Khz, and it is noted that 

“the subcarrier spacing and the length of the OFDM symbol have a reciprocal 

relationship with each other.” APPLE-1005, 43:49-62; APPLE-1006, [0383]. 

 

Yeo, FIG. 3C 

64. Because the OFDM symbol durations are different for different 

subcarrier spacings, a UE needs to know the numerology information to decode the 

information received during paging occasions.  More specifically, with reference to 
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its FIG. 3H and 3I (annotated below) as well as FIGs. 3L and 3M, Yeo describes 

that a base station “transmits information on numerology (e.g., subcarrier spacing, 

etc.) for the physical layer channel used for paging,” prior to transmitting any 

“control information and data for paging.”  The information on numerology can 

include a Master Information Block (MIB) or a system information block (SIBx).  

A terminal (or user equipment UE) receives the “information on the physical layer 

numerology” and upon determining that the terminal supports the numerology, 

proceeds to receive “the control information and data reception.”  APPLE-1005, 

56:12-27; APPLE-1006, [0452].  The data for paging or “paging message” is 

transmitted on the PDSCH, and scheduling information on the PDSCH can be 

acquired from the PDCCH.  APPLE-1005, 3:48-50; APPLE-1006, [0013].   

 

Yeo, Figs. 3H and 3I, Annotated 



Attorney Docket No. 50095-0235IP1 

IPR of U.S. Patent No. 11,917,581 

49 

65. Yeo further describes various types of UEs that are served by the 

wireless network, including UE type that supports massive machine type 

communication (mMTC), UE type that supports MIMO (multiple-input-multiple-

output),  UE type that supports enhanced mobile broadband (eMBB), and UE type 

that supports ultra-reliable and low-latency communications (URLLC).  APPLE-

1005, 2:13-23, 10:10-14; APPLE-1006, [0004], [0027].  Massive MTC (mMTC) is 

a type of MTC that supports mass communications among connected devices.  

APPLE-1005, 29:5-7; APPLE-1006, [0211].  The frequency subband in use for a 

UE can vary with the type of devices/communications and associated 

requirements, and thus be allocated accordingly.  See, for example, APPLE-1005, 

FIG. 1D, 9:60-10:21; APPLE-1006, FIG. 1d, [0027]. 

66. Yeo is analogous art to the ’581 Patent.  Indeed, comparison of Yeo’s 

FIGs. 3H and 3I with FIG. 8 from the ’581 Patent (supra) reveals that Yeo 

describes the overall solution that the ’581 purports to solve – determining 

“transmission opportunities of paging according to the numerology employed by 

the paging.”  APPLE-1001, 2:1-5.   

3. TS36 

67. TS36 is a Technical Specification document published by the 3GPP 

and pertains to Evolved Universal Terrestrial Radio Access (E-UTRA) UE 

procedures in idle mode.  E-UTRA technology is well-known to be associated with 
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4G/LTE.  APPLE-1019, 1:25-31.  In the relevant portions, TS36  specifically 

describes details of paging procedures, in particular, details of the DRX mode 

referred to in Yeo.  APPLE-1009, p.39.  For example, TS36 specifically covers 

details of implementations where a paging frame (PF) contains “one or multiple 

Paging Occasion(s)” and the UE “needs only to monitor one PO per DRX cycle” – 

as also described in Yeo with respect to FIG. 3J. APPLE-1009, p.39; APPLE-1005, 

53:12-20; APPLE-1006, [0455].  Monitoring the PO includes monitoring PDCCH 

within the PO for the identifier P-RNTI - which indicates to a UE whether or not 

paging is scheduled in the PO for the UE. The UE performs the paging message 

reception in a Paging Narrowband (PNB) that is within the subband assigned to the 

UE.  APPLE-1009, p.39.  The subband can be assigned depending on the type of 

services of services—such as enhanced mobile broadband (eMBB), mMTC, ultra-

reliable and low-latency communications (URLLC), etc.—provided by the UE.  

APPLE-1005, FIG. 1D, 9:60-10:21; APPLE-1006, FIG. 1d, [0027].     

68. TS36 provides the formulae that are used for determining PF and PO 

in implementing paging in DRX – based on DRX parameters provided as portions 

of System Information (SI).  Specifically, the system frame number (SFN) of the 

radio frame corresponding to PF is determined as: 

SFN mod T= (T div N)*(UE_ID mod N) 
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An index i_s that points to the PO within the PF is determined as: 

i_s = floor(UE_ID /N) mod Ns 

Notably, the determination of the PF and PO depends explicitly on an 

identifier (UE_ID) of the UE – signifying that each UE has a designated PF and 

PO in a paging cycle.  APPLE-1009, p.39.  

69. TS36 also shows how the determination of PO is affected by the 

location of the system bandwidth.  For example, TS36 describes that “if P-RNTI is 

transmitted on MPDCCH with system bandwidth > 3MHz”, the paging occasions 

can be determined as per the following table (APPLE-1009, page 40, annotated): 

  

70. TS36 further describes that “if P-RNTI is transmitted on MPDCCH 

with system bandwidth of 1.4MHz and 3MHz”, i.e., for system bandwidths 

narrower than the previous case of bandwidth greater than 3 MHz, the 

corresponding paging occasions can be determined as per the following table 

(APPLE-1009, page 41, annotated): 
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71. Thus, TS36 describes that determination of the time intervals 

corresponding to the POs depends on the system bandwidth.  It was also well-

known to a POSITA as of the Critical Date that different system bandwidths could 

be allocated to different locations in the frequency domain (with the allocation 

varying over time).  See for example, FIG. 1 of Islam (reproduced above), which 

shows that allocations change from one time period to another.  APPLE-1016, FIG. 

1.  As such, TS36 makes it clear that the determination of paging occasions 

depends explicitly on the width (and hence location) of the system bandwidth. 

4. Combining Yeo and TS36 

72. Although Yeo describes that a “PF is defined as one radio frame 

including one or more POs,” and that a UE “can observe one PO per discontinuous 

reception (DRX) period,” Yeo leaves out some implementation details – e.g., how a 

UE identifies the one or more POs in a PF.  APPLE-1005, 53:14-17; APPLE-1006, 

[0455].  Yet, to implement the technology described in Yeo—for example, to have 

a UE monitor a PO where PDCCH is encoded with P-RNTI (as described with 
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respect to FIG. 3J)—a POSITA would look for such implementation details.  

However, such details were well-known by the Critical Date, for example, through 

technical specifications published by 3GPP working groups in the relevant 

technical areas. Yeo specifically mentions “long term evolution (LTE) or evolved 

universal terrestrial radio access (E-UTRA) of the 3GPP,” (APPLE-1005, 11:48-

49; APPLE-1006, [0036]) as well as paging operations of a UE in an idle mode 

(APPLE-1005, 3:39-59; APPLE-1006, [0013]), and a POSITA would have turned 

to TS36 to implement these feature sets at least because TS36 specifically provides 

the requisite technical specifications for the paging operations described in Yeo. 

73. A POSITA would have known that the 3GPP Technical Specification 

Group (TSG) has already approved standardization that “specifies the Access 

Stratum (AS) part of the Idle Mode procedures applicable to a UE”, which 

provides the paging details of UE in idle mode compatible with other aspects of the 

3GPP cellular standard. APPLE-1009, p.6. Indeed, TS36 bears the title “Evolved 

Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) procedures 

in idle mode” and supplies details of the implementations that are missing from 

Yeo. 

74. For example, while Yeo (i) describes the exact same equation for 

determining a PF as TS36, and (ii) notes that a PF includes “one or more POs,”  

Yeo does not specifically describe how those “one or more POs” are determined by 
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a UE (compare Yeo’s “equation 3” in column 53 to the equation “SFN mod T= (T 

div N)*(UE_ID mod N)” on page 39 in TS36).  TS36 fills in this gap by describing 

that the index “i_s pointing to PO” is given by the equation “i_s = floor(UE_ID/N) 

mod Ns.”  A POSITA would have had a reasonable expectation of success in 

combining Yeo with TS36 at least because the combination leads to the predictable 

result of determining the UE-specific POs within the PF of Yeo. 

75. Overall, a POSITA would have referred to the equations and tables 

described in TS36 to determine the implementations details associated with 

implementing the paging procedure described in Yeo.  APPLE-1009, p.39-40.  The 

combination would yield predictable results by allowing for different UE-specific 

POs within PFs of Yeo’s system as a function of the location of the paging 

subband. 

5. Independent Claim 1 

[1pre]: “A method in a User Equipment (UE) for paging, 

comprising:” 

76. As shown in FIG. 3I and 3J (reproduced above), Yeo describes a 

method in a UE for paging, for example, to monitor a PDCCH in a paging 

occasion.  APPLE-1005, FIGs. 3I and 3J, 52:50-54; APPLE-1006, FIGs. 5h and 5i, 

[0452].  The combination of Yeo with TS36 at least renders this feature obvious. 

[1a]:“monitoring a first signaling in X time intervals; and” 
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77. Yeo describes that a terminal or UE “[i]n order to observe the 

paging information, the terminal wakes up for a little while at a predetermined 

time interval to observe control signaling.”  APPLE-1005, 3:40-43; APPLE-

1006, [0013].  Yeo’s “PDCCH configured as P-RNTI” constitutes or at least 

renders obvious the claimed “first signaling” because Yeo describes that in 

order to receive paging messages, “specific mapping location in the frequency 

domain, the modulation scheme, or the like may be determined based on the 

DCI transmitted through the PDCCH.”  APPLE-1005, 14:5-8, APPLE-1006, 

[0055].  The combination of Yeo with TS36 at least renders this feature obvious. 

78. Yeo defines each paging occasion “as a subframe in which the 

PDCCH [is] configured as the P-RNTI,” and a paging frame as “one radio 

frame including one or more POs.”  APPLE-1005, 53:14-17; APPLE-1006, 

[0455].  As such, the time intervals associated with the POs in Yeo constitutes 

or at least render obvious the “X time intervals.”  

79. In the Complaint filed against Apple in the Western District of 

Texas, Patent Owner explicitly equates “first signaling” to“paging DCI” and 

“P-RNTI,” and the “X time intervals” to “PDCCH monitoring occasions” – 

which, as described above, are described by Yeo. APPLE-1023, ¶¶81, 83, 85, 

257.  The combination of Yeo with TS36 at least renders this feature obvious. 
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[1b]: “receiving a first radio signal;” 

80. Yeo describes this limitation by disclosing that “[t]he paging 

message is transmitted through the PDSCH, and scheduling information 

on the PDSCH can be acquired from the PDCCH configured as P-RNTI.”  

APPLE-1005, 53:48-51; APPLE-1006, [0013].  Here, the PDSCH 

containing the paging message constitutes or at least renders obvious the 

claimed “first radio signal” because Yeo describes that “downlink data 

may be transmitted on a physical downlink shared channel (PDSCH) that 

is a physical channel for downlink data transmission.”  APPLE-1005, 

14:1-3; APPLE-1006, [0055].  From at least this description, a POSITA 

would have understood that the PDSCH is a radio signal.  Indeed, this is 

also consistent with the position adopted by the Patent Owner in pending 

litigation.  APPLE-1023, ¶¶81, 83, 84 (equating “first radio signal” to 

paging messages on PDSCH).  The combination of Yeo with TS36 at least 

renders this feature obvious. 

[1c]: “wherein X is a positive integer;” 

81. As discussed for [1a], Yeo describes a paging frame to include 

“one or more POs.”  APPLE-1005, 53:14-17; APPLE-1006, [0455].  A 

POSITA would have understood that the number of POs can only be positive 
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integers.  The combination of Yeo with TS36 at least renders this feature 

obvious. 

[1d]: “the first signaling is used for determining scheduling 

information for the first radio signal;” 

82. Yeo describes that “[t]he paging message is transmitted through 

the PDSCH, and scheduling information on the PDSCH can be acquired 

from the PDCCH configured as P-RNTI.”  APPLE-1005, 53:48-51; APPLE-

1006, [0013].  As described with respect to limitations [1a] and [1b], Yeo’s 

“PDCCH configured as P-RNTI” constitutes or at least renders obvious the 

claimed “first signaling,” and the PDSCH constitutes or at least renders 

obvious the claimed “first radio signal.” As such, the foregoing portion of 

Yeo describes limitation [1d]. This is identical to what Patent Owner alleges 

in the pending litigation – noting that in the “Accused Products,” “the first 

signaling (e.g., paging DCI, P-RNTI) is used for determining scheduling 

information for the first radio signal.”  APPLE-1023, ¶83, 258.  The 

combination of Yeo with TS36 at least renders this feature obvious. 

[1e]: “the scheduling information comprises occupied time-frequency 

resource, adopted Modulation Coding Scheme (MCS), and subcarrier 

spacing of subcarriers in occupied frequency domain resource;” 

Yeo describes using all three of the above parameters as portions of the 

scheduling information.  Yeo describes that the “the scheduling 
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information…is transmitted…through downlink control information (DCI),” 

and in “DCI format 1” includes “at least one of the following control 

information”:  

 “Resource allocation type 0/1 flag:…The type 0 applies a bitmap 

scheme to allocate a resource in a resource block group (RBG) 

unit. In the LTE system, a basic unit of the scheduling is the 

resource block (RB) represented by a time-frequency domain 

resource and the RBG includes a plurality of RBs and thus 

becomes a basic unit of the scheduling in the type 0 scheme. The 

type 1 allocates a specific RB within the RBG.”… 

 “Modulation and coding scheme (MCS)” 

APPLE-1005, 13:21-40; APPLE-1006, [0046]-[0048]. 

83. Yeo also describes embodiments in which the scheduling information 

includes “subcarrier spacing of subcarriers in occupied frequency domain 

resource.”  For example, Yeo describes that “the base station…can include 

information on the subcarrier spacing of the PDSCH…to which the contention 

resolution message is transmitted in the DCI transmitted to the PDCCH.”  This 

description is generic and not specific to or exclusive of paging messages. And 
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while the PDCCH described above is configured with C-RNTI, a POSITA would 

have readily understood that it is straightforward to extend the concept to other 

RNTI transmissions including DCI transmitted over PDCCH configured with P-

RNTI such that the UE can detect and receive paging.  APPLE-1005, 52:10-14, 38-

40; APPLE-1006, [0450], [0228].  The combination of Yeo with TS36 at least 

renders this feature obvious. 

 

[1f]: “the first radio signal carries a paging message;” 

84. As discussed in [1b], Yeo describes that “[t]he paging message is 

transmitted through the PDSCH.”  APPLE-1005, 3:48-49; APPLE-1006, [0464].  

The combination of Yeo with TS36 at least renders this feature obvious. 

[1g]: “the frequency domain resource used for transmitting the first 

signaling belongs to a first subband;” 

85. Yeo in combination with TS36 render obvious this feature.  As 

described with respect to limitation [1a], Yeo’s “PDCCH configured as P-RNTI” 

constitutes or at least renders obvious the claimed “first signaling.”  Yeo further 

describes “mapping location in the frequency domain of the PDCCH 

maybe…transmitted over the entire system transmission bandwidth.”  APPLE-

1005, 13:64-67; APPLE-1006, [0054].  As such, a POSITA would have readily 
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understood from this disclosure that the bandwidth for transmitting the PDCCH 

constitutes or at least renders obvious “the frequency domain resource.”  

86. Further, as discussed above, Yeo describes various types of UEs that 

are served by the wireless network, including UE type that supports massive 

machine type communication (mMTC), UE type that supports MIMO,  UE type 

that supports enhanced mobile broadband (eMBB), and UE type that supports 

ultra-reliable and low-latency communications (URLLC).  APPLE-1005, 2:13-23; 

APPLE-1006, [0004].  Massive MTC (mMTC) is a type of MTC that supports 

mass communications among connected devices.  APPLE-1005, 29:5-7; APPLE-

1006, [0211].  The frequency bands in use can vary with the type of 

devices/communications and associated requirements, and thus be allocated 

accordingly.  APPLE-1005, FIG. 1D, 9:60-10:21; APPLE-1006, FIG. 1d, [0027].  

Yeo describes—with reference to FIG. 1D (annotated below)—“the subband 1d-

06…for mMTC data transmission.”  APPLE-1005, 16:24-36.; APPLE-1006, 

[0168]. 
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Yeo, FIG. 1D, Annotated 

87. It was well known to a POSITA as of the Critical Date that “a 

downlink (DL) means a radio transmission path of a signal transmitted from a base 

station to a terminal,” and a “Master information block 

(MIB)…includes…[i]nformation on downlink cell bandwidth.”  APPLE-1005, 

18:56-57, 45:29-35; APPLE-1006, [0182], [0391]-[0394].  It was also well-known 

as of the Critical Date that downlink information is transmitted over DL transport 

channels which could include “a Broadcast Channel (BCH), Downlink Shared 

Data Channel (DL-SDCH) and a Paging Channel (PCH).”  APPLE-1021, [0043].   

88. A POSITA would have understood from the description of Yeo alone 

that because the mMTC transmissions occur within the subband 1d-06, the 

subband 1d-06 would include the associated DL transport channels including the 

associated PCH, and the paging transmissions and receptions for mMTC would 



Attorney Docket No. 50095-0235IP1 

IPR of U.S. Patent No. 11,917,581 

62 

also take place within the subband 1d-06.  Further, TS36 describes that for MTC 

(which mMTC is a type of), the PDCCH (referred to as MPDCCH) is monitored in 

a narrower band (referred to as the paging narrowband PNB) within the subband 

1d-06.  As such, a subband for a specific service – such as the subband 1d-06 for 

mMTC constitutes or at least renders obvious the claimed “first subband.”  

APPLE-1009, p.39-40.   

89. As discussed above, although Yeo describes paging mechanism in 

general, as well as a different subband for mMTC services, Yeo leaves out some 

implementation details, e.g., those specific to the mMTC services.  For example, 

while Yeo describes—in the context of paging—that a paging frame “PF is defined 

as one radio frame including one or more [paging occasions] POs,” and that a UE 

“can observe one PO per discontinuous reception (DRX) period,” Yeo does not 

specifically describe how a paging channel is determined for particular services 

such as mMTC.  TS36 provides these details and fills the gap for mMTC paging by 

describing that “[i]f P-RNTI is monitored on MPDCCH, the PNB is determined by 

the following equation: PNB = floor(UE_ID/(N*Ns)) mod Nn.”  A POSITA would 

have understood that the PNB refers to the band associated with the paging 

channel, and as such, would have had a reasonable expectation of success in 

combining Yeo with TS36 a least because a POSITA would have recognized that 
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the combination leads to the predictable result of implementing the paging 

channels in mMTC as described in Yeo.   As such, Yeo in view of TS36 renders 

obvious the foregoing feature. 

[1h]: “the first subband comprises a positive integer number of 

consecutive subcarriers in frequency domain; and” 

90. Yeo describes that information in a “data or a control channel is 

transmitted” using “a basic structure of a time-frequency domain that is a radio 

resource region” as shown in FIG. 1D (annotated below) – which shows the 

arrangement of OFDM symbols within a slot of a subframe, and that each OFDM 

symbol includes a positive integer number of consecutive subcarriers.  APPLE-

1005, 12:20-34; APPLE-1006, [0039]-[0040].  Yeo also describes that “[the DCI] 

may be transmitted within first N OFDM symbols within the subframe.”  Because 

Yeo describes that DCI is “transmitted through the PDCCH,” (see APPLE-1005, 

14:1-8; APPLE-1006, [0055]),  and the PDCCH is transmitted in a service-specific 

subband (see discussion related to limitation [1g]), a POSITA would have readily 

understood that the service-specific subband would include the subcarriers 

associated with the corresponding OFDM symbols – the subcarriers constituting “a 

positive integer number of consecutive subcarriers in frequency domain.”  APPLE-

1005, FIG. 1A, 12:35-41; APPLE-1006, FIG. 1a, [0060]. The combination of Yeo 

with TS36 at least renders this feature obvious. 



Attorney Docket No. 50095-0235IP1 

IPR of U.S. Patent No. 11,917,581 

64 

91.  

 

[1i]: “location of the first subband in frequency domain is used for 

determining the X time intervals.” 

92. As described with respect to limitation [1a], the time intervals 

associated with the paging occasions (POs) in Yeo constitutes or at least render 

obvious the “X time intervals.”  However, although Yeo describes that a “PF is 

defined as one radio frame including one or more POs,” and that a UE “can 

observe one PO per discontinuous reception (DRX) period,” Yeo does not 
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explicitly specify how a UE identifies the one or more POs.  APPLE-1005, 

53:14-17; APPLE-1006, [0455].  Specifically, while Yeo (i) describes the exact 

same equation for determining a PF as TS36, and (ii) notes that a PF includes 

“one or more POs,”  Yeo does not specifically describe how those “one or more 

POs” are determined by a UE.  TS36 fills in this gap by describing that the 

index “i_s pointing to PO” is given by the equation “i_s = floor(UE_ID/N) mod 

Ns.”.  

93. Further, Yeo also describes that the above 4G concepts can be 

extended to support various types of services such as enhanced mobile 

broadband (eMBB), mMTC, ultra-reliable and low-latency communications 

(URLLC), etc.—as supported by 5G NR—and the requirements for such 

services can vary.  APPLE-1005, 10:10-21; APPLE-1006, [0027].  Indeed, Yeo 

also describes—with reference to its FIG. 1D (reproduced above)—dividing 

the system frequency bands into corresponding subbands for different services, 

with mMTC occupying subband 1d-06, for example.  APPLE-1005, 16:24-37; 

APPLE-1006, [0168]. 

94. To the extent Yeo does not describe the details of how the time 

intervals associated with the one or more POs are determined for the individual 

subbands, such details were well-known to a POSITA as of the Critical Date, and 

the details make it clear that the location of the corresponding subband is used in 
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determining the time intervals associated with the one or more POs.  Specifically, 

TS36 covers implementation details that specify locations of “one or multiple 

Paging Occasion(s)” within a paging frame, and shows how the location of the one 

or more POs vary depending on the location of the subband.  APPLE-1009, p.39-

40.  For example, and as discussed in V.2 supra, TS36 shows that for otherwise-

same operating parameters, the POs are different in a subband in the 1.4MHz-

3MHz range as compared to the POs in a subband that is above 3MHz.  APPLE-

1009, p.39-40. Specifically, TS36 describes that “if P-RNTI is transmitted on 

MPDCCH with system bandwidth > 3MHz” (i.e., system bandwidth greater than 

3MHz), the paging occasions can be determined as per the following table: 

  

On the other hand, “if P-RNTI is transmitted on MPDCCH with system 

bandwidth of 1.4MHz and 3MHz” (i.e., system bandwidth smaller than or equal to 

3MHz), the corresponding paging occasions can be determined as per the 

following table: 
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APPLE-1009, p.40-41, annotated. 

As such, Yeo in view of TS36 renders obvious that the determination of 

one or more POs—depends explicitly on the system bandwidth.  A POSITA 

would have readily understood that a change in system bandwidth necessarily 

results in a change in one or both boundaries of the corresponding frequency 

band, and hence, in a change of location of the system band.  Further, a 

POSITA would have also understood that the designated band for a specific 

type of device/service (e.g., mMTC) would be the subband allocated to that 

type of device/service (e.g., the subband 1d-06 discussed with reference to 

feature [1g])  Id.  For at least these reasons, a POSITA would have readily 

understood from the teachings of Yeo in view of TS36, that the determination 

of one or more POs depends on a location of the system band corresponding to 

the type of device/service (e.g., mMTC), and as such, the combination of the 

references renders obvious using a “location of the first subband in frequency 

domain” to determine the X time intervals. 
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6. Claim 5 

[5a]: “The method according to claim 1, further comprising: receiving a 

second radio signal;” 

95. Yeo describes that “data for eMBB, URLLC, and mMTC, which are 

services to be considered in a 5G or NR system are allocated in frequency-time 

resources,” and also specifically “allocating frequency and time resources for 

information transmission in each system.” APPLE-1005, 15:64-16:3; APPLE-

1006, [0165]-[0166].  Yeo also describes that “base station is the subject 

performing resource allocation of a terminal,” and that “downlink (DL) means a 

radio transmission path of a signal transmitted from a base station to a terminal.”  

APPLE-1005, 18:48-50; APPLE-1006, [0182].  Because Yeo is directed to wireless 

communications, a POSITA would have readily understood from these disclosures, 

that any frequency allocation (e.g., the subband allocation depicted in FIG. 1C and 

1D) would be communicated over a radio signal that would constitutes or at least 

render obvious “the second radio signal.”  Specifically, Yeo describes that “the 

system information is transmitted in two ways over two different transmission 

channels. Master information block (MIB): transmission using PBCH 3d-03” and 

“System information block (SIB): transmission using PDSCH 3d-04.”  APPLE-

1005, 45:27-32; APPLE-1006, [0390]-[0392].  
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96. Patent Owner’s infringement contentions in the related litigation 

proceeding equates the “second radio signal” to both “MIB information element” 

as well as a “BCH/BCCH channel.”  Yeo specifically describes—with reference to 

FIG. 3D—“a physical broadcast channel (PBCH)…to which a master information 

block (MIB)…is transmitted.”  The MIB includes “[i]nformation on downlink cell 

bandwidth.” APPLE-1005, 45:29-35; APPLE-1006, [0391].  The combination of 

Yeo with TS36 at least renders this feature obvious. 

[5b]: “wherein the second radio signal is used for determining 

at least one of location of the first subband in frequency 

domain, or subcarrier spacing of subcarriers included in the 

first subband;” 

97. As discussed for limitations [5a], frequency allocation information 

(e.g., “location of the first subband” depicted in FIG. 1D) would be communicated 

as system information over “the second radio signal” communicated over a 

physical broadcast channel PBCH.  Such a radio signal would be used by an UE to 

decode bandwidth for communicating with a base station.  For example, Yeo 

describes that “MIB transmitted through the PBCH…includes…[i]nformation on 

downlink cell bandwidth,” which is then used for communicating DCI 

information– thereby disclosing the above feature.  APPLE-1005, 45:33-35; 

APPLE-1006, [0393]-[0394].  The combination of Yeo with TS36 at least renders 

this feature obvious. 
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[5c]: “the second radio signal carries Master Information Block (MIB) 

information, or the second radio signal carries System Information 

Block (SIB) information.” 

98. As discussed for limitation [5a], frequency allocation information 

(e.g., “location of the first subband” depicted in FIG. 1D) would be communicated 

as system information over “the second radio signal” communicated over a 

physical broadcast channel PBCH.  Yeo describes that “for the purpose of 

establishing a radio link with a base station…synchronization with a cell in a 

network is acquired, and a master information block (MIB) is acquired by physical 

broadcast channel (PBCH) decoding. The MIB contains the most basic information 

for connection to the system. Based on the information, a physical downlink 

control channel (PDCCH) and a physical downlink shared channel (PDSCH) are 

decoded to obtain a system information block(SIB).”  APPLE-1005, 3:17-27; 

APPLE-1006, [0012].  As such, Yeo in combination with TS36 renders obvious the 

above limitation.   

7. Claim 7 

[7pre]: “A method in a base station for paging, comprising:” 

99. As discussed for claim [1pre], Yeo describes a method in a UE for 

paging, to monitor a PDCCH in a paging occasion. Yeo also describes the paging 

process from the perspective of a base station.  APPLE-1005, FIG. 3L; APPLE-
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1006, FIG. 5k.  The combination of Yeo with TS36 at least renders this feature 

obvious. 

[7a]: “transmitting a first signaling in a positive integer number 

of time intervals of X time intervals; and” 

100. As discussed for claim [1a], Yeo describes monitoring a PDCCH 

configured as P-RNTI (claimed “first signaling”) in paging occasions - the time 

intervals for which correspond to the claimed X time intervals.  Yeo also describes 

transmitting the PDCCH configured as P-RNTI from a base station eNB.  APPLE-

1005, FIG. 3J (annotated below); APPLE-1006, FIG. 5i.  The combination of Yeo 

with TS36 at least renders this feature obvious. 
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[6b]: “transmitting a first radio signal;” 

101. As discussed for limitation [1b], Yeo describes that “[t]he paging 

message is transmitted through the PDSCH, and scheduling information on the 

PDSCH can be acquired from the PDCCH configured as P-RNTI.”  APPLE-1005, 

53:48-51; APPLE-1006, [0013].  A POSITA would have understood that the 

PDSCH is a radio signal.  The combination of Yeo with TS36 at least renders this 

feature obvious. 

Remaining limitations of claim 7 

102. The remaining limitations of claim 7 are substantially similar to 

limitations [1c]-[1i] of claim 1, and thus are respectively rendered obvious by 

Yeo and TS36  for the same reasons discussed above for limitations [1c]-[1i]. 

See claim comparison tables provided above. 

8. Claim 11 

103. The Yeo/TS36 combination renders obvious claim 7. The 

remaining limitations of claim 11 are substantially similar to claim 5, and 

thus are rendered obvious by Yeo in view of TS36 for the reasons discussed 

for claim 5. 

9. Claims 13 and 17 
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104. The Yeo/TS36 combination renders obvious each of these claims.  

Independent claim 13 is substantially similar to claim 1, except it is an apparatus 

claim directed to “[a] UE for paging,” and requires (1) “a first receiver” to monitor 

a first radio signaling in X time intervals, and (2) “a second receiver” to receive a 

first radio signal. Yeo in combination with TS36 renders obvious these apparatus-

related limitations as I show below.  

“A UE for paging” 

105. Yeo describes a UE executing a paging process.  APPLE-1005, 

FIG. 3J; APPLE-1006, FIG. 5i.  

“a first receiver” and “a second receiver” 

106. Yeo’s “block diagram of a structure of a terminal transceiver” renders 

obvious the above limitations.  APPLE-1005, FIG. 3Q; APPLE-1006, FIG. 5m.  

Yeo specifically notes the a “terminal may include user equipment (UE), a mobile 

station (MS), a cellular phone, a smart phone, a computer, or a multimedia system 

performing a communication function.”  APPLE-1005, 18:52-55; APPLE-1006, 

[0182].  Yeo further describes that a “terminal receiver…and the terminal 

transmitter…may collectively be referred to as a transceiver,” and “the transceiver 

may include…an RF receiver” that “may receive a signal through a radio channel 

and output the received signal to the terminal processor.”  I note that the claim 
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does not require the second receiver to be different from the first receiver.  Further, 

a POSITA would have understood that the PDCCH and PDSCH are transmitted on 

different time-frequency resources, and hence a PDCCH reception and a PDSCH 

reception would process corresponding received signals separately. Indeed, Yeo 

specifically describes transmitting and receiving DCI information on PDCCH by 

“spatial multiplexing using…multiple antenna,”  APPLE-1005, 13:11-24; APPLE-

1006, [0144].  A POSITA would have reasonably envisaged or gleaned as obvious 

from this that multiple receiver circuits are connected, respectively, to multiple 

antennas, with each receiver circuit being used to process the signal received from 

its respective antenna. Id. Such parallel processing of the antenna signals was well-

known to a POSITA as of the Critical Date, (see APPLE-1021, Fig. 2 (annotated 

below - showing one receiver at each antenna)), and would allow Yeo’s terminal 

receiver to simultaneously decode and demodulate the signals received from 

multiple receive antennas, thereby improving the system speed. Id., [0037]-[0038]. 
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Luo, Fig. 2., Annotated. 

107. Therefore, Yeo-TS36 renders obvious multiple receivers, each 

including a receive antenna and an associated receiver circuit that includes a 

transmitter, a receiver and one or more processors.  APPLE-1005, FIG. 3Q; 

APPLE-1006, FIG. 5m.  A POSITA would have reasonably expected to succeed 

in providing two receivers, each receiving the claimed “first signaling” and 

“first radio signal” respectively, in Yeo’s UE because multiple receivers 

receiving these signals were conventional and routine in the MIMO antennas 
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described in Yeo, APPLE-1005, 1:32-40; APPLE-1006, [0002]; APPLE-1021, 

Fig. 2. As such, the combination represents nothing more than known 

components operating according to their ordinary and expected functions to 

yield predictable results (receiving signals).  

Remaining limitations of claims 13 and 17 

108. Given the similarity between claims 1 and 13, the remaining 

features of claim 13 are respectively rendered obvious for the same reasons 

discussed above for the corresponding features of claim 1.  See claim 

comparison tables provided above.  

109. Similarly, claims 5 and 17 are similar to one another and claim 

17 is obvious for the same reasons discussed above with respect to claim 5, 

respectively. See claim comparison tables provided above. 

10. Claims 19 and 23 

110. The Yeo/TS36 combination renders obvious each of these claims. 

Independent claim 19 is substantially similar to claim 7, except it is an 

apparatus claim directed to a base station for paging, and requires (1) “a first 

transmitter” to transmit a first signaling in a positive integer number of time 

intervals of X time intervals, and (2) “a second transmitter” to transmit a first 
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radio signal. Yeo in combination with TS36 renders obvious these apparatus- 

related limitations.. 

“A base station for paging” 

111. Yeo describes a base station executing a paging process.  APPLE-

1005, FIG. 3J (see annotated version above); APPLE-1006, FIG. 5i. 

“a first transmitter” and “a second transmitter” 

112. Yeo’s “block diagram of a structure of a base station transceiver” 

renders obvious the above limitations.  APPLE-1005, FIG. 3R; APPLE-1006, FIG. 

5n.  Yeo further describes that a “base station receiver…and the base station 

transmitter…are collectively referred to as a transceiver,” and that “the transceiver 

may include…an RF transmitter” that may “transmit the signal output from the 

base station processor.”  I note that the claim does not require the second 

transmitter to be different from the first transmitter.  Further, a POSITA would 

have understood that the PDCCH and PDSCH are transmitted on different time-

frequency resources, and hence a PDCCH transmission and a PDSCH transmission 

would process corresponding received signals separately. Indeed, Yeo specifically 

describes transmitting and receiving DCI information by “spatial multiplexing 

using…multiple antenna,”  APPLE-1005, 13:11-24; APPLE-1006, [0045].  A 

POSITA would have reasonably envisaged or gleaned as obvious from this that 
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multiple transmitter circuits are connected, respectively, to multiple antennas, with 

each transmitter circuit being used for transmitting signals through the respective 

transmit antenna. Such parallel processing of the antenna signals was well-known 

to a POSITA as of the Critical Date (see APPLE-1021, Fig. 2 (annotated below - 

showing one transmitter for each antenna)), and would allow Yeo’s base station to 

simultaneously transmit signals through multiple transmit antennas, thereby 

implementing a MIMO system. Id., [0035]-[0036]. 

 

Luo, Fig. 2., Annotated 
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113. Therefore, Yeo in combination with TS36 renders obvious multiple 

transmitters, each including a transmit antenna and an associated transmitter 

circuit.  A POSITA would have reasonably expected to succeed in providing 

two transmitters, each transmitting the claimed “first signaling” and “first radio 

signal” respectively, in Yeo’s base station because multiple transmitters 

transmitting these signals were conventional and routine in the MIMO antennas 

described in Yeo, APPLE-1005, 1:32-40; APPLE-1006, [0002]; APPLE-1021, 

Fig. 2. As such, the combination represents nothing more than known 

components operating according to their ordinary and expected functions to 

yield predictable results (receiving signals). 

Remaining limitations of claims 19 and 23 

114. Given the similarity between claims 7 and 19, the remaining 

features of claim 19 are respectively rendered obvious for the same reasons 

discussed above for the corresponding features of claim 7.  See claim 

comparison table provided above. 

115. Similarly, claims 11 and 23 are similar to one another and claim 

23 is obvious for the same reasons discussed with respect to claim 11.  See 

claim comparison table provided above. 



Attorney Docket No. 50095-0235IP1 

IPR of U.S. Patent No. 11,917,581 

80 

 [Ground 2] Claims 2, 3, 7, 8, 12, 13, 17, and 18 Are Obvious over 

Yeo, TS36, and Mallick  

1. Overview of Mallick 

 

116. Similar to Yeo's description of mMTC for coverage 

enhancement (see APPLE-1005, 41:61-67; APPLE-1006, [0309]), Mallick 

discusses using coverage extension (CE) to page MTC devices (APPLE-

1008, Abstract, [0140]-[0141], [0145]).   Mallick also explains that 

“[c]overage [e]xtension” is another term for coverage enhancement. Id., 

[0060].  Mallick recognizes that CE requires repeated transmission of paging 

control information and/or increased power, imposing a heavier burden on 

the base station than normal coverage. Id., [0072], [0078], [0151]. To 

alleviate this problem, instead of indiscriminately applying CE to all UEs in 

a cell and at all the possible paging occasions, Mallick proposes limiting CE 

to only a selected group of UEs at a subset of the paging occasions. Id., 

[0160]. 

117. Specifically, the UEs in a cell covered by a base station are divided 

into UEs that experience bad radio conditions and thus require CE (“CE-UEs”), 

and normal UEs that do not require CE (“non-CE-UE[s]”). Id., [0075], [0135]. 

As shown in Figure 7, the base station (i.e., eNB) may page all the UEs in its 

cell (including the CE-UEs and non-CE-UEs) at UE-specific paging 
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possibilities without using the CE technique. Id., [0146], [0159], Fig. 7. 

Additionally, the eNB also pages the CE-UEs at CE-specific paging 

possibilities by using the CE technique. Id. The term “paging possibility” refers 

to the combination of a paging frame (i.e., a radio frame) and a paging occasion 

(i.e., one or more subframes within the paging frame). Id., [0024], [0072], 

[0148], [0161]. 

118. The UE-specific paging possibilities are determined based on the 

ordinary UE identifiers (UE-specific IDs), in the same way defined in the 4G/LTE 

standards, and thus are specific to the UEs. Id., [0025]-[0029], [0148]. The CE- 

specific paging possibilities may be determined based on a CE-specific ID 

common to a group of CE-UEs, and thus are the same for these CE-UEs. Id., 

[0079], [0093], [0101], [0107], [0148], [0169]-[0170], claim 5. 
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. 

Mallick., Fig. 7., Annotated 

119. Figure 5 shows two CE-specific UEs monitoring the normal paging 

PDCCHs at different UE-specific paging possibilities, and monitoring the CE 

paging PDCCHs at the same CE-specific paging possibilities. Id., [0157]-[0158]. 

Meanwhile, non-CE-UEs (not shown) only monitor their respective UE-specific 

paging possibilities. Id., [0148], [0154]. 
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Mallick, Fig. 5., Annotated 

120. By limiting the CE to the CE-specific paging possibilities, the 

downlink resources can be saved and the burden on the base station can be 

reduced. Id., [0078], [0160], [0174]-[0175]. 

121. Mallick is analogous art to the ’581 patent because Mallick, like 

the ’581 patent, describes methods for a UE to monitor paging scheduling 

information for a number of times. Compare Id., [0001], [0139], [0152], with 

APPLE-1001, Abstract, 2:40-54. 

2. Combining Yeo/TS36 with Mallick 

122. A POSITA would have been motivated to combine Yeo/TS36 with 

Mallick’s improved CE paging procedure, including its description about how 
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to determine the UE-specific paging possibilities and CE-specific paging 

possibilities. Mallick, Yeo, and TS36 are all related to paging/DRX procedure in 

MTC UEs that are compliant with 3GPP 4G/LTE or 5G/NR standards. APPLE-

1005, 53:8-20; APPLE-1006, [0455]; APPLE-1009, p.39-40; APPLE-1008, 

Abstract, [0143], [0145]. Mallick describes that limiting the CE to CE-UEs and 

the CE-specific paging possibilities can save downlink resources and reduce the 

burden on the base station. APPLE-1008, [0078], [0160], [0174]-[0175]. 

Moreover, for a higher granularity, Mallick’s CE-specific IDs and CE-specific 

paging possibilities can be further classified according to the CE levels, such 

that a CE-UE can skip monitoring the CE-specific paging possibilities not 

associated with its CE level, thereby reducing the CE-UE’s power consumption. 

Id., [0169]-[0172]. And Yeo describes coverage enhancement of UEs 

specifically for mMTC in 5G.  APPLE-1005, 41:61-67; APPLE-1006, [0309].  

Thus, a POSITA would combine Mallick’s advantageous CE design to improve 

the implementations contemplated by the Yeo/TS36 combination.  A POSITA 

would have a reasonable expectation of success in combining Yeo/TS36 with 

Mallick because it only requires combining elements according to known 

methods. Indeed, Mallick’s equations “SFN mod T=(T div N)*(UE_ID mod 

N)” to determine the paging frame number SFN, and “i_s= floor(UE_ID/N) 

mod Ns” to determine the paging occasion index i_s are identical to the 



Attorney Docket No. 50095-0235IP1 

IPR of U.S. Patent No. 11,917,581 

85 

corresponding equations described in TS36.  A POSITA would have a 

reasonable expectation of success in combining Mallick with the Yeo/TS36 

combination at least because Mallick explicitly refers to an earlier version of the 

TS36 as the specification relied on for determining paging occasions.  APPLE-

1008, [0025]-[0028]; APPLE-1009, p.39-40. A POSITA would also have 

understood that the combination would lead to predictable results by reducing 

the burden on a base station and/or power consumption in certain UEs—as 

described by Mallick—in the paging/DRX procedure in MTC UEs, as described 

by the Yeo/TS36 combination. 

3. Claim 2 

[2a]: “The method according to claim 1, wherein any one of the X 

time intervals belongs to a first time window in time domain;” 

 

123. As discussed with respect to [1a], Yeo defines each paging 

occasion “as a subframe in which the PDCCH [is] configured as the P-RNTI,” 

and a paging frame as “one radio frame including one or more POs.”  APPLE-

1005, 53:14-17; APPLE-1006, [0455].  Yeo also describes that “a radio 

frame…is a time domain unit which includes 10 subframes.”  APPLE-1005, 

30:11-12; APPLE-1006, [0372].  As such, for LTE (having a subframe duration 

of 1 ms)—as shown in FIG. 2E of Yeo (annotated below)—the radio frame 

length is 10 ms.  The 10 ms time window corresponding to an LTE frame 
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constitutes or at least renders obvious the claimed “first time window.”  

APPLE-1005, FIG. 2E; APPLE-1006, FIG. 3e.  The combination of 

Yeo/YS36/Mallick renders this feature obvious.   

 

[2b]: “the time length of the first time window is predefined;” 

124. As noted with reference to limitation [2a], the duration of an LTE 

frame is 10 ms – which is a predefined time window. Thus, Yeo/TS36/Mallick 

renders obvious that the time length of the first time window is predefined.   

[2c]: “the first time window is divided into Y time intervals;” 

125. Yeo describes that the 10 ms time window is divided into multiple 

time intervals and the number of time intervals depends on the subframe type.  
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For example, in a frame structure Type A, the subframe size is 1 ms, and the 

number of time intervals is Y=10; in a frame structure Type B, the subframe 

size is 0.5 ms, and the number of time intervals is Y=20; in a frame structure 

Type C, the subframe size is 0.25 ms, and the number of time intervals is 

Y=40.  APPLE-1005, 30:67-31:15; APPLE-1006, [0224].  The combination of 

Yeo/YS36/Mallick renders this feature obvious.   

[2d]: “the X time intervals are X time intervals of the Y time 

intervals, Y being a positive integer not smaller than X;” 

126. As discussed with respect to [1a], Yeo defines each paging occasion 

“as a subframe in which the PDCCH [is] configured as the P-RNTI,” and a paging 

frame as “one radio frame including one or more POs.”  APPLE-1005, 53:14-17; 

APPLE-1006, [0455].  Yeo further describes that the duration of a subframe is 1 

ms, 0.5 ms, or 0.25 ms, depending on whether the NR frame structure is of Type 

A, Type B, or Type C, respectively – resulting in the following parameters within 

the 10 ms “first time window”: 
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NR frame type Subframe 

duration 

No. of subframes 

or Y time 

intervals per 10 

ms time window 

No. of frames or 

paging occasions 

(X) per 10 ms 

time window 

Type A 1 ms 10 1 

Type B 0.5 ms 20 2 

Type C 0.25 40 4 

APPLE-1005, 30:67-31:15; APPLE-1006, [0224]. 

127. Because for each frame type, the number of paging occasions X is 

one of the subframes corresponding to the Y time intervals, Yeo describes the 

foregoing feature. The combination of Yeo/YS36/Mallick renders this feature 

obvious.   

[2e]: “the subcarrier spacing of subcarriers included in the first 

subband is used for determining Y; and” 

128. As shown with respect to limitation [2d], the number of Y time 

intervals within the 10 ms “first time window” depends on the subframe 

duration.   Yeo further describes with respect to FIGs. 2B, 2C, and 2D 

(reproduced below with annotations) that the duration of the subframe in turn 

depends on the subcarrier spacing.  Specifically, Yeo describes that “in a frame 

structure type A, subcarrier spacing is 15 kHz, a subframe of 1 ms includes 14 

symbols”; “in a frame structure type B, the subcarrier spacing is 30 kHz, a 
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subframe of 0.5 ms includes 14 symbols”; and “in a frame structure type C, 

subcarrier spacing is 60 kHz, a subframe of 0.25 ms includes 14 symbols.”  

APPLE-1005, 30:67-31:15; APPLE-1006, [0224].  For at least the foregoing 

reasons, Yeo describes that the Y intervals are determined based on the 

subcarrier spacing of subcarriers included in the first subband.  The 

combination of Yeo/YS36/Mallick renders this feature obvious.   

 

[2f]: “a feature ID of a monitor of the first signaling is used for 

determining the X time intervals in the Y time intervals,” 

129. Yeo in view of TS36 and Mallick renders obvious this limitation. 

As discussed for limitation [1a], Yeo’s “PDCCH configured as P-RNTI” 
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constitutes or at least renders obvious the claimed “first signaling.”  APPLE-

1005, 14:5-8, APPLE-1006, [0055].  Yeo further defines the “subframe in 

which the PDCCH [is] configured as the P-RNTI,” as a paging occasion and a 

paging frame as “one radio frame including one or more POs,”  APPLE-1005, 

53:14-17; APPLE-1006, [0455].  However, while Yeo (i) describes the exact 

same equation for determining a PF as TS36, and (ii) notes that a PF includes 

“one or more POs,” Yeo does not specifically describe how those “one or more 

POs” are determined by a UE.  Both TS36 and Mallick fill this gap by 

describing that the index “i_s pointing to PO” is given by the equation “i_s = 

floor(UE_ID/N) mod Ns.”  Because the UE monitors the PDCCH, and a 

POSITA would readily recognize that the UE_ID constitutes or at least renders 

obvious the “feature ID” of the UE that is used for determining paging 

occasions, both TS36 and Mallick describe the claimed “feature ID of a monitor 

of the first signaling,” and that it “is used for determining the X time intervals.”. 

APPLE-1009, p.39-40; APPLE-1008, [0027], [0170].  A POSITA would have a 

reasonable expectation of success in combining Yeo and TS36/Mallick at least 

because a POSITA would understand that the combination leads to the 

predictable result of determining the UE-specific POs within the PF of Yeo.   

130. In addition, Mallick describes multiple paging occasions for an UE 

within a predefined time window.  For example, Mallick describes (with 



Attorney Docket No. 50095-0235IP1 

IPR of U.S. Patent No. 11,917,581 

91 

reference to FIG. 5, reproduced below with annotations) that “CE-UE1 

monitors a UE-specific paging possibility at radio frame number 76 and number 

204…etc., respectively at subframe 9…and that CE-UE2 monitors a UE-

specific paging possibility at radio frame number 19 and 147…etc., 

respectively at subframe 4.”  APPLE-1008, [0157].  Mallick also clarifies that 

“the term paging possibility [refers] to the combination of the paging frame and 

paging subframe,” and is determined as a function of the UE_ID.  APPLE-

1008, [0024]-[0027].   

 

131. As shown with respect to limitation [2d], the number of subframes 

within a given time window constitutes or at least renders obvious the Y time 

intervals, and the Yeo/TS36/Mallick combination renders obvious determining 

the paging occasions within the Y time intervals based on the UE_ID.  
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Specifically, Because Yeo describes coverage enhancement of UEs specifically 

for mMTC in 5G (APPLE-1005, 41:61-67; APPLE-1006, [0309]), a POSITA 

would have been motivated to combine Yeo/TS36 with Mallick’s improved CE 

paging procedure, including its description about how to determine the UE-

specific paging possibilities and CE-specific paging possibilities. A POSITA 

would have had a reasonable expectation of success in combining Mallick with 

the Yeo/TS36 combination at least because Mallick explicitly refers to an earlier 

version of the TS36 as the specification relied on for determining paging 

occasions, (APPLE-1008, [0025]-[0028]; APPLE-1009, p.39-40), and the 

combination would lead to predictable results by reducing the burden on a base 

station and/or power consumption in certain UEs—as described by Mallick—in 

the paging/DRX procedure in MTC UEs, as described by the Yeo/TS36 

combination.  As such, the limitation [2f] is rendered obvious by Yeo, TS36, 

and Mallick. 

[2g]: “the feature ID refers to a remainder when an International 

Mobile Subscriber Identification Number (IMSI) is divided by 1024.” 

132. Each of Yeo, TS36, and Mallick describes the claimed “feature ID 

of a monitor of the first signaling” by disclosing a UE ID that is used for 

determining a paging occasion in a paging frame. APPLE-1005, 53:38-39; 

APPLE-1006, [0460]; APPLE-1009, p.39-40; APPLE-1008, [0027].  Further, 
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each of Yeo, TS36, and Mallick also explicitly describes that the UE ID is 

determined using a modulo (MOD) operator as: “UE_ID: IMSI mod 1024, if P-

RNTI is monitored on PDCCH.”  APPLE-1005, 53:38-39; APPLE-1006, 

[0460].  See also, APPLE-1009, p.40; APPLE-1008, [0025].  

4. Claim 3 

[3a]: “The method according to claim 2, wherein the first time window 

belongs to one of Z time windows, Z being an integer greater than 1;” 

133. As discussed for limitation [2a], Yeo/TS36 in view of Mallick 

renders obvious that the paging occasions are subframes within a 10 ms time 

window. Mallick further describes that a DRX cycle contains an integer 

number (e.g., 32, 64, 128 or 256) of radio frames. APPLE-1008, [0038], Fig. 

5 (reproduced below with annotations). 
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134. Taking the example of the shortest default paging cycle of 32 radio 

frames, and the NR Type A frame described in Yeo (Figure 2E, above), the 

duration of the paging cycle is 32 * 10 ms = 320 ms - a time duration that includes 

32 time windows each of duration 10 ms.  The 32 time windows (each of duration 

10 ms) in the paging cycle constitutes or at least render obvious the “Z time 

windows,” and the “first time window” of 10 ms is one of the 32 time windows.  In 

the examples of 64, 128, or 256 frame paging cycles for the NR Type A frame, the 

number of Z time windows is 64, 128, or 256, respectively, and the “first time 

window” of 10 ms is one of the corresponding number of time windows.  As such, 

Yeo/TS36 in view of Mallick renders obvious feature [3a].   

[3b]: “Z is predefined, or Z is configurable;” 

135. Yeo in view of TS36 and Mallick renders obvious this limitation.  Yeo 

describes—with reference to FIG. 2E—multiple frame structures both for LTE as 

well as for NR.  APPLE-1005, FIG. 2E, APPLE-1006, FIG. 3e.  Yeo also 

describes that in LTE systems “a length of the subframe is 1.0 ms,” which does 

not change.  APPLE-1005, 30:10-11; APPLE-1006, [0372].  Yeo also describes 

that in 5G “the frame structure type is generalized, the subcarrier spacing, the CP 

length, and the subframe length that are the essential parameter sets have an 

integer multiple relationship with each other for each type, such that high 
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scalability may be provided.”  APPLE-1005, 31:20-24; APPLE-1006, [0227].  As 

such, Yeo describes that the frame structures are either predefined (LTE) or 

configurable (NR Types A, B, C).   

136. Further, as described with reference to limitation [3a], the subframe 

structure directly affects the number of time windows Z in a paging cycle of a 

given length.  Because Yeo describes that the frame structures are either predefined 

or configurable, Yeo therefore describes predefined or configurable number of time 

windows Z.   

[3c]: “any two of the Z time windows have an equal time length; 

and” 

137. As shown with reference to the limitation [3a], taking the example 

of the shortest default paging cycle of 32 radio frames, and the NR Type A 

frame described in Yeo (Figure 2E, above), the duration of the paging cycle is 

32 * 10 ms = 320 ms - a time duration that includes 32 time windows each of 

duration 10 ms.  As such, Yeo in combination with TS36 renders obvious that 

“any two of the Z time windows have an equal time length.”  The combination 

of Yeo/YS36/Mallick renders this feature obvious.   

[3d]: “any two of the Z time windows are orthogonal in time domain,” 

138. The ’581 Patent notes that orthogonality of two time intervals mean 

that “there is no time unit that belongs to any two of the…time intervals  
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simultaneously.”  APPLE-1001, 3:5-7.  As shown with reference to limitation [3a], 

for NR Type A frame of Yeo, the 32 time windows each of duration 10 ms—which 

constitutes or at least render obvious the “Z time windows”—are non-overlapping 

in time, and therefore pairwise “orthogonal in time domain” in the context of the 

’581 Patent claims.  Similarly, in the examples of 64, 128, or 256 frame paging 

cycles for the NR Type A frame, the number of Z time windows is 64, 128, or 256, 

respectively, and no two time windows of the Z time windows overlap in time.  As 

such, Yeo in view of TS36 and Mallick renders obvious that “any two of the Z time 

windows are orthogonal in time domain.”  

[3e]: “any one of the Z time windows is a radio frame,” 

139. As established with respect to limitation [3a] and [3d], taking the 

example of the shortest default paging cycle of 32 radio frames, and the NR Type 

A frame described in Yeo (Figure 2E, above), the corresponding paging cycle 

includes 32 non-overlapping time windows as the “Z time windows.”  Similarly, in 

the examples of 64, 128, or 256 frame paging cycles for the NR Type A frame, the 

number of non-overlapping Z time windows is 64, 128, or 256, respectively.  As 

such, a POSITA would readily understand that “any one of the Z time windows is 

a radio frame,” and thus Yeo in view of TS36 and Mallick renders obvious this 

limitation.   
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[3f]: “Z is equal to the number of radio frames included in a 

Discontinuous Reception (DRX) cycle; and” 

140. As discussed for limitation [3a] and [3e], Yeo/TS36 in view of Mallick 

renders obvious that “any one of the Z time windows is a radio frame,” and that in 

the examples of 32, 64, 128, or 256 frame paging cycles for the NR Type A frame, 

the number of Z time windows is 32, 64, 128, or 256, respectively. Mallick further 

describes that a DRX cycle contains an integer number (e.g., 32, 64, 128 or 256) of 

radio frames. APPLE-1008, [0038], Fig. 5 (reproduced below with annotations).  

As such, a POSITA would readily understand that “Z is equal to the number of 

radio frames included in a Discontinuous Reception (DRX) cycle,” and thus Yeo in 

view of TS36 and Mallick renders obvious this limitation. 

 

Mallick, FIG. 5, Annotated 
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[3g]“the feature ID of the monitor of the first signaling is used for 

determining the first time window in the Z time windows.” 

141. As discussed for limitation [2f], both TS36 and Mallick describe 

the claimed “feature ID of a monitor of the first signaling” by disclosing a UE 

ID that is used for determining a paging occasion in a paging frame.  Both TS36 

and Mallick further describe that the same UE ID can be used to determine the 

paging frame itself. Compare APPLE-1008, [0025] and APPLE-1009, p.39-40 

with ’581 patent, 5:23-28 (using substantially the same formula to determine 

“the paging frame number (SFN)” based on the “UE_ID”). As such, the 

combination of Yeo with TS36 and Mallick renders obvious this limitation. 

5. Claim 4 

[4]: “The method according to claim 3, further comprising: receiving a 

third signaling; wherein, the third signaling is used for configuring Z.” 

142. The ’581 Patent does not describe the term “third signaling” except 

for in the claims and the summary.  Neither does the prosecution history inform 

any specific interpretation beyond the plain meaning of the term – that it is a 

signaling transmitted to the UE to configure the number of Z time windows in a 

DRX cycle. 

143. As discussed with respect to limitation [3f], Yeo in view of TS36 and 

Mallick renders obvious that “Z is equal to the number of radio frames included in 

a Discontinuous Reception (DRX) cycle.”  Yeo further describes a parameter T as a 
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“value corresponding to the DRX period,” which “can be set through higher layer 

signaling.”  APPLE-1005, 53:34-41; APPLE-1006, [0458]-[0460].  The higher 

layer signaling constitutes or at least renders obvious the claimed “third signaling”  

and the parameter T carried by the higher layer signaling informs the number of 

radio frames in a DRX cycle. From at least this description, a POSITA would 

understand that the combination of Yeo with TS36 and Mallick renders obvious this 

limitation. 

6. Claims 8-10 

144. The combination of Yeo/YS36/Mallick renders obvious each of these 

claims.  Aside from their dependency on claim 7, claims 8-10 are substantially 

similar to claims 2-4, respectively, and thus are rendered obvious by Yeo in view of 

TS36 and Mallick for the reasons discussed for claims 7, and 2-4. See claim 

comparison chart provided above.  

7. Claims 14-16 

145. The combination of Yeo/YS36/Mallick renders obvious each of these 

claims.  Aside from their dependency on claim 13, claims 14-16 are substantially 

similar to claims 2-4, respectively, and thus are rendered obvious by Yeo in view of 

TS36 and Mallick for the reasons discussed for claims 13, and 2-4. See claim 

comparison chart provided above. 
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8. Claims 20-22

146. The combination of Yeo/YS36/Mallick renders obvious each of these

claims.  Aside from their dependency on claim 19, claims 20-22 are substantially 

similar to claims 2-4, respectively, and thus are rendered obvious by Yeo in view of 

TS36 and Mallick for the reasons discussed for claims 19, and 2-4. See claim 

comparison chart provided above. 

IX. CONCLUSION

147. For all the reasons I have noted in the foregoing paragraphs, 1-5, 7-11,

12-17, and 19-23 of the ’581 Patent are obvious in view of the references discussed

above. 

148. I declare that all statements made herein on my own knowledge are

true and that all statements made on information and belief are believed to be true, 

and further, that these statements were made with the knowledge that willful false 

statements and the like so made are punishable under Section 1001 of Title 18 of 

the United States Code. 

Date: _______________ By: __________________________ 

Dr. Zhi Ding 

Digitally signed 

by Zhi Ding 

Date: 2025.05.01 

17:17:21 -07'00'
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Successful denial of temporary injunction. 
2022 (April 26) Testified at trial involving OPPO v. Nokia 
regarding another patent dispute at Court in Jakarta, Indonesia. 
Successful denial of temporary injunction. 

Quinsambing & 
Torres (Philippines) 

2022 (September) Testified on site at trial involving vivo v. 
Nokia regarding patent disputes in Regional Trial Court in 
Manila, the Philippines.   
Successful denial of temporary injunction. 

Orrick, Herrington, & 
Sutcliffe, LLP 

2021 (Oct. 12) Deposition Western D. of Texas cas: 6:20-cv-
00980-ADA (Canon) 

Arnold, Porter, Kaye, 
and Scholer 

2022 (Dec. 30) Deposition for Petitioner on IPR 2022-00613 
Proceeding (Samsung) 

Biro Oktroi Roosseno 
(Indonesia) 

2023 (Jan. 4) Testified online at trial involving vivo v. Nokia 
regarding patent disputes at Court in Jakarta, Indonesia. 
Successful denial of temporary injunction. 
2023 (Feb. 1) Testified on site at trial involving vivo v. Nokia 
regarding patent disputes at Court in Jakarta, Indonesia. 
Successful denial of temporary injunction. 

Paul Hastings 2023 (June 22) Deposition for Petitioner on IPR 2022-01598 
Proceeding (Samsung) 
2023 (Sept. 23) Deposition for Petitioner on IPR 2023-00171 
Proceeding (Samsung) 

Kirkland & Ellis LLP 2024 (May 31) Deposition for Petitioner on IPR 2023-01469 
Proceeding (TP Link) 

 
IPR Opinions 70+ Expert Opinions (Excluding links before 2019 for brevity): 
Older IPR Cases IPR2014-00547 

IPR2014-00548 
IPR2014-01562 
IPR2015-00237 
IPR2015-00314 
IPR2015-00315 
IPR2015-00316 
IPR2015-00531 
IPR2015-01577 
IPR2015-01580 
IPR2015-01581 
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IPR2015-01582 
IPR2016-00620 
IPR2016-00623 
IPR2018-00237 
IPR2018-01160 
IPR2018-01190 
IPR2018-01555 
IPR2018-01581 
IPR2019-00070 

Recent IPR 
Declarations 

IPR2019-01573 Expert Declaration to the Patent Trial and 
Appeal Board.  Instituted (2020-01-22); Final Decision: 
Unpatentable (2020-11-20) 
 
IPR2019-01105  Expert Declaration to the Patent Trial and 
Appeal Board.  Instituted (2019-12-02); Final Decision: 
Unpatentable (2020-11-20) 
 
IPR2019-01101 Expert Declaration to the Patent Trial and 
Appeal Board.  Instituted (2019-12-02); Final Decision: 
Unpatentable (2020-11-20) 
 
IPR2020-00038 Expert Declaration to the Patent Trial and 
Appeal Board (Filed 2019-10-11); Institution Decision: (2020-
04-13). 
  
IPR2021-00560 Expert Declaration to the Patent Trial and 
Appeal Board. Instituted (2021-09-13); Final Decision: (2022-
09-09) 
 
IPR2021-00563 Expert Declaration to the Patent Trial and 
Appeal Board. Instituted (2021-09-15); Final Decision: 
Unpatentable (2022-9-13) 
 
IPR2021-00587 Expert Declaration to the Patent Trial and 
Appeal Board. Filed (2021-02-26); Withdrawn. 
 
IPR2021-00644 Expert Declaration to the Patent Trial and 
Appeal Board. Filed (2021-03-12); Settled. 
 
IPR2021-00683 Expert Declaration to the Patent Trial and 
Appeal Board. Filed (2021-03-19); Withdrawn. 
 
IPR2021-01468 Expert Declaration to the Patent Trial and 
Appeal Board. Filed (2021-09-01). 
 
IPR2021-01486 Expert Declaration to the Patent Trial and 
Appeal Board. Filed (2021-09-16). 
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IPR2022-00339 Expert Declaration to the Patent Trial and 
Appeal Board. Instituted (2022-08-22); Settlement (2022-12-
20). 
 
IPR2022-00348 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2022-02-15). 
 
IPR2022-00349 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2022-02-15), Settled. 
 
IPR2022-00616 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2022-02-18), Withdrawn.  
 
IPR2022-00619 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2022-02-25). 
 
IPR2022-00613 Expert Declaration to the Patent Trial and 
Appeal Board. Instituted (2022-10-20); Settled. 
 
IPR2022-01512 Expert Declaration to the Patent Trial and 
Appeal Board. Filed (2022-09-09); Instituted (2023-05-15). 
 
IPR2022-01598 Expert Declaration to the Patent Trial and 
Appeal Board. Filed (2022-10-04); Instituted (2023-04-04). 
 
IPR2023-00136 Expert Declaration to the Patent Trial and 
Appeal Board. Filed (2022-11-30); Instituted (2023-05-22). 
 
IPR2023-00151 Expert Declaration to the Patent Trial and 
Appeal Board; Filed (2022-11-30); Instituted (2023-06-09). 
 
IPR2023-00174 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2022-11-30); Instituted (2023-05-19). 
 
IPR2023-00171 Expert Declaration to the Patent Trial and 
Appeal Board. Filed (2022-11-08); Instituted (2023-05-31). 
 
IPR2023-00441 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-01-05); Instituted (2023-08-03). 
 
IPR2023-00496 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-01-20); Institute (2023-08-21). 
 
IPR2023-00525 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-07-10); Institute (2023-10-02). 
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IPR2023-00644 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-03-07); Institute (2023-10-11). 
 
IPR2023-00645 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-03-22); Institute (2023-10-11). 
 
IPR2023-00665 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-03-22) 
 
IPR2023-00720 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-03-16). 
 
IPR2023-00721 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-03-16); Institute (2023-10-11). 
 
IPR2023-00796 IPR2023-01393 Expert Declaration to the 
Patent Trial and Appeal Board. Instituted (2023-11-13). 
 
IPR2023-01060 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-09-07); Instituted (2024-01-16). 
 
IPR2023-01393 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-09-07). 
 
IPR2023-01400 Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-09-07); Instituted (2024-03-08). 
 
IPR2023-01403 Expert Declaration to the Patent Trial and 
Appeal Board; Instituted (2024-03-06). 
 
IPR2023-01429  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-09-18). 
 
IPR2023-01469  Expert Declaration to the Patent Trial and 
Appeal Board,  Instituted (2024-04-02). Settled. 
 
IPR2024-00125  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-10-30). Settled.  
 
IPR2024-00148  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2023-11-10). 
 
IPR2024-00883  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2024-05-01). 
 
IPR2024-01224  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2024-08-02). 
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IPR2024-01358  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2024-08-28). 
 
IPR2024-01362  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2024-08-30). Instituted (2025-03-11). 
 
IPR2024-01363  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2024-08-30). Instituted (2025-03-11). 
 
IPR2024-01364  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2024-08-30). Instituted (2025-03-11). 
 
IPR2025-00049  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2024-10-14). 
 
IPR2025-00194  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2024-11-19). 
 
IPR2025-00218  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2024-11-21). 
 
IPR2025-00220  Expert Declaration to the Patent Trial and 
Appeal Board, Filed (2024-11-25). 
 
IPR2025-00343 Expert declaration to the Patent Trial and 
Appeal Board, Filed (2024-12-31). 
 
 

 
 
Employment History 
 
From: 2000 University of California at Davis 
To: Present Davis, CA 
 Position: Professor (2000-2020) and Distinguished Professor (2020-), Department 

of Electrical and Computer Engineering 
   

 
From: 01/1999 University of Iowa 
To: 09/2000 Iowa City, IA 
 Position: Assoc. Professor, Department of Electrical and Computer Engineering 
   

 
From: 01/1997 Hong Kong University of Science and Technology 
To: 12/1997 Hong Kong 
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 Position: Visiting Associate Professor, Department of Electrical and Electronic 
Engineering 

   
 
From: 09/1995 Auburn University 
To: 12/1998 Auburn, AL 
 Position: 09/1995-12/1998:  Associate Professor, Department of Electrical and 

Computer Engineering 
  09/1990-08/1995:  Assistant Professor, Department of Electrical and 

Computer Engineering 
 
From: 08/1993 Australian National University 
To: 09/1993 Canberra, Australia 
 Position: Visiting Research Fellow, Faculty of Information Technology and 

Engineering 
   

 
From: 06/1993 US Air Force Wright Laboratory 
To: 08/1993 Eglin AFB, Florida 
 Position: Faculty Research Associate, Armament Directorate 
   

 
From: 06/1992 NASA Lewis Research Center 
To: 08/1992 Cleveland, OH 
 Position: Visiting Faculty Research Fellow 
   

 
From: 08/1987 Cornell University 
To: 08/1990 Ithaca, NY 
 Position: Research Assistant 
   

 
From: 09/1984 University of Toroto 
To: 08/1987 Toronto, Ontario, Canada 
 Position: Research Assistant 

 
 

Technical Consulting  
 
Consulted for multiple major technology companies, aside from IP litigation 
related matters. 
 
Patents (Granted and/or Licensed) 
 
Patent Number Date Issued Title 
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US 6,396,885 Mar.28, 2002 Co-channel interference reduction in wireless 
communications systems 

US 6,463,099 Oct.8, 2002 Blind channel equalizers and methods of blind channel 
equalization (Licensed) 

US 7,379,513 Mar. 20, 2008 Channel estimation in CDMA communications systems 
using both lower power pilot channel and higher power date 
channel 

US 9,554,388 
 
US 10,623,230 
 
US 11,019,530 
 
US 11,368,940 

Jan. 24, 2017 
 
Apr. 14, 2020 
 
May 25, 2021 
 
June 21, 2022 

Method and apparatus of resource sharing for device-to-
device and cellular communications 
Trans-layer robust header-compression technique 
 
Trans-layer bidirectional robust header compression system 
 
Systems and Methods for Data transmission over Wi-Fi and 
LTE-U coexistence framework 

 
Education 
 
1990 Cornell University, Ithaca, NY Ph.D., Electrical Engineering 
1987 University of Toronto, Toronto, Canada MS, Electrical Engineering 
1982 Nanjing Institute of Technology, Nanjing, China BS, Wireless Engineering 

 
Publications 
 
Books & Book Chapters 
 
[1] B. P. Lathi and Z. Ding, Modern Digital and Analog Communication Systems, 5th edition, 

Oxford University Press, 2018. 

[2] Zhi Ding and Ye Li, Blind Equalization and Identification, Marcel Dekker, New York, 
2001.  

[3] Z. Ding, “Chapter 7: Linear Predictive Algorithms for Blind Multichannel 
Identification,” in Signal Processing Advances in Wireless and Mobile Communications, 
Vol. I: Trends in Channel Estimation and Equalization, G. B. Giannakis, Y. Hua, P. 
Stoica, and L. Tong (Editors), Prentice Hall, 2000. 

[4] Z. Ding, “Blind Channel Identification and Equalization using Spectral Correlation 
Measurements: Frequency Domain Analysis,” in Cyclostationarity in Communications 
and Signal Processing, William A. Gardner, Ed., pp.417-436, IEEE Press, 1993. 

[5] Z. Ding, C. R. Johnson, Jr., and R. A. Kennedy, “Chapter 3: Global Convergence Issues 
with Linear Blind Adaptive Equalizers,” in Blind Deconvolution, Simon Haykin, Ed., 
pp.60-120, Prentice-Hall, 1994. 

[6] Z. Ding, “Adaptive Filters for Blind Equalization,” in  IEEE DSP Handbook, Douglas B. 
Williams, Ed., pp.24.1-24.17, IEEE Press, 1998. 
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Journal Papers 
 

[1] K. Wang, Z. Ding, D. K. C. So and Z. Ding, ̀ `Exploring Age-of-Information Weighting in Federated Learning 
under Data Heterogeneity’’,  in IEEE Transactions on Wireless Communications, doi: 
10.1109/TWC.2025.3545456,  2025. 
 

[2] Zhang, Songyang, Brian Choi, Feng Ouyang, and Zhi Ding, ``Physics-inspired machine learning for 
radiomap estimation: Integration of radio propagation models and artificial intelligence. IEEE 
Communications Magazine, 62, no. 8, pp. 155-161, 2024. doi: 10.1109/MCOM.001.2300782. 

 
[3] Wang, Kaidi, Yi Ma, Mahdi Boloursaz Mashhadi, Chuan Heng Foh, Rahim Tafazolli, and Zhi 

Ding, ``Convergence Acceleration in Wireless Federated Learning: A Stackelberg Game Approach.'' IEEE 
Transactions on Vehicular Technology, 2024. doi: 10.1109/TVT.2024.3452933 

 
[4] Q. Deng, Y. Zhang, M. Li, S. Zhang and Z. Ding, ``Efficient Eigen-Decomposition for Low-Rank 

Symmetric Matrices in Graph Signal Processing: An Incremental Approach,'' IEEE Transactions on Signal 
Processing, 2024 doi: 10.1109/TSP.2024.3438676. 

 
[5] Q. Deng, S. Zhang and Z. Ding, ``Body Motion Segmentation via Multilayer Graph Processing for 

Wearable Sensor Signals,'' IEEE Open Journal of Signal Processing, Volume 5, pp. 934-947, 2024 doi: 
10.1109/OJSP.2024.3407662. 

 
[6] S. Jing, S. Zhang and Z. Ding, ``Reinforcement Learning for Robust Header Compression (ROHC) Under 

Model Uncertainty,'' IEEE Transactions on Machine Learning in Communications and Networking, vol. 2, 
pp. 1033-1044, 2024, doi: 10.1109/TMLCN.2024.3409200. 

 
[7] A. Wijesinghe, S. Zhang and Z. Ding, ``PS-FedGAN: An Efficient Federated Learning Framework With 

Strong Data Privacy,'' IEEE Internet of Things Journal, vol. 11, no. 16, pp. 27584-27596, 15 Aug.15, 2024, 
doi: 10.1109/JIOT.2024.3399226. 

 
[8] Z. Liu, L. Wang, L. Xu and Z. Ding, ``Deep Learning for Efficient CSI Feedback in Massive MIMO: 

Adapting to New Environments and Small Datasets,'' IEEE Transactions on Wireless 
Communications, 2024. doi: 10.1109/TWC.2024.3390583. 

 
[9] C. -H. Hsu and Z. Ding, ``Unsupervised Learning for Resource Allocation and User Scheduling in 

Wideband MU-MIMO Systems,'' IEEE Open Journal of the Communications Society, vol. 5, pp. 2240-
2256, 2024, doi: 10.1109/OJCOMS.2024.3384110. 

 
[10] S. Zhang, T. Yu, B. Choi, F. Ouyang and Z. Ding, ``Radiomap Inpainting for Restricted Areas based on 

Propagation Priority and Depth Map,'' IEEE Transactions on Wireless Communications, 23(8): 9330-
9344, August 2024. doi: 10.1109/TWC.2024.3360872. 

 
[11] K. Wang, Z. Ding, D. K. C. So and Z. Ding, ``Age-of-Information Minimization in Federated Learning 

based Networks with Non-IID Dataset,'' IEEE Transactions on Wireless Communications, 23(8): 8939-
8953, August 2024. doi: 10.1109/TWC.2024.3357208. 

 
[12] C. Feres, B. C. Levy and Z. Ding, ``Over-the-Air Multisensor Collaboration for Resource Efficient Joint 

Detection,'' IEEE Transactions on Signal Processing, vol. 72, pp. 384-399, 2024, doi: 
10.1109/TSP.2023.3310895. 

 
[13] Y. -C. Lin, T. -S. Lee and Z. Ding, ``A Scalable Deep Learning Framework for Dynamic CSI Feedback 

With Variable Antenna Port Numbers,'' IEEE Transactions on Wireless Communications, vol. 23, no. 4, 
pp. 3102-3116, April 2024, doi: 10.1109/TWC.2023.3305546. 

[14]  
[15] Y. -C. Lin, T. -S. Lee and Z. Ding, ``Exploiting Partial FDD Reciprocity for Beam Based Pilot Precoding 

and CSI Feedback in Deep Learning," IEEE Transactions on Wireless Communications, doi: 
10.1109/TWC.2023.3289929. 
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[16] S. Zhang, Q. Deng and Z. Ding, ``Signal Processing Over Multilayer Graphs: Theoretical Foundations and 

Practical Applications,'' IEEE Internet of Things Journal, vol. 11, no. 2, pp. 2453-2471, 15 Jan.15, 2024, doi: 
10.1109/JIOT.2023.3294470. 

 
[17] W. Cao, X. Ling, J. Wang, Z. Ding and X. Gao, ``A Framework for QoS-Guaranteed Fast Access Services 

in Blockchain Radio Access Network,'' IEEE Transactions on Wireless Communications, vol. 23, no. 4, pp. 
2711-2725, April 2024, doi: 10.1109/TWC.2023.3302415 

 
[18] Q. Deng, Y. Ge and Z. Ding, ``Jamming Suppression via Resource Hopping in High-Mobility OTFS-SCMA 

Systems,'' IEEE Wireless Communications Letters, vol. 12, no. 12, pp. 2138-2142, Dec. 2023, doi: 
10.1109/LWC.2023.3309787. 

 
[19] X. Liang, W. Fang, J. Wang, Z. Ding, X. Gao and C. Zhao, ``Robust Transceiver Design for RIS-Aided 

Spatially Correlated MIMO Channels With Uncertainty,'' IEEE Wireless Communications Letters, vol. 12, 
no. 12, pp. 2013-2017, Dec. 2023, doi: 10.1109/LWC.2023.3304335. 
 

[20] Qi S, He M, Hoang R, Zhou Y, Namadi P, Tom B, Sandhu P, Bai Z, Chung F, Ding Z, Anderson 
J. ``Salinity Modeling Using Deep Learning with Data Augmentation and Transfer 
Learning'' .Water, 15(13):2482, 6 July, 2023. 
 

[21] S. Zhang, A. Wijesinghe and Z. Ding, ``RME-GAN: A Learning Framework for Radio Map 
Estimation based on Conditional Generative Adversarial Network'' IEEE Internet of Things 
Journal 2023. doi:10.1109/JIOT.2023.3278235. 
 

[22] Y. Ge, Q. Deng, D. Gonzalez G., Y. L. Guan and Z. Ding, ``OTFS Signaling for SCMA With 
Coordinated Multi-Point Vehicle Communications,'' IEEE Transactions on Vehicular Technology, 
doi: 10.1109/TVT.2023.3248119. 
 

[23] H. Ma, X. Yuan, Z. Ding, D. Fan and J. Fang, "Over-the-Air Federated Multi-Task Learning via 
Model Sparsification, Random Compression, and Turbo Compressed Sensing," IEEE 
Transactions on Wireless Communications, doi: 10.1109/TWC.2022.3231088. 
 

[24] Siyu Qi, Minxue He, Zhaojun Bai, Zhi Ding, Prabhjot Sandhu, Francis Chung, Peyman Namadi, 
Yu Zhou, Raymond Hoang, Bradley Tom, Jamie Anderson, and Dong Min Roh, "Novel Salinity 
Modeling Using Deep Learning for the Sacramento-San Joaquin Delta of California" in Water , 
2022, 14(22), 3628; https://doi.org/10.3390/w14223628 
 

[25] M. Del Rosario and Z. Ding, ``Learning-Based MIMO Channel Estimation under Practical Pilot 
Sparsity and Feedback Compression,'' in IEEE Transactions on Wireless Communications, 2022, 
doi: 10.1109/TWC.2022.3202750. 

 
[26] C. Sun, X. Gao and Z. Ding, ``Optimization of Workload Balancing and Power Allocation for 

Wireless Distributed Computing,'' in IEEE Transactions on Wireless Communications, vol. 21, no. 
9, pp. 7682-7695, Sept. 2022, doi: 10.1109/TWC.2022.3160493. 

 
[27] C. -H. Hsu, C. Feres and Z. Ding, ``Wirtinger Flow for Nonconvex Blind Demixing with Optimal 

Step Size,'' in IEEE Wireless Communications Letters, 2022, doi: 10.1109/LWC.2022.3203313. 
 

[28] Zhang, S., Deng, Q. & Ding, Z., ``Multilayer graph spectral analysis for hyperspectral 
images,'' EURASIP Journal of Adv. Signal Process, 2022, 92 (2022). doi: 
https://doi.org/10.1186/s13634-022-00926-8; 
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[29] C. Feres and Z. Ding, ``An Unsupervised Learning Paradigm for User Scheduling in Large Scale 

Multi-Antenna Systems,'' in IEEE Transactions on Wireless Communications, 2022, doi: 
10.1109/TWC.2022.3215471. 

 
[30] L. D. Chamain, S. Qi, and Z. Ding, ``End-to-End Image Classification and COmpression with 

variational autoencoder'' IEEE Internet of Things Journal, vol. 70, 2022, doi: 
10.1109/JIOT.2022.3182313. 

 
[31] C. Feres and Z. Ding, ``A Riemannian Geometric Approach to Blind Signal Recovery for Grant-

Free Radio Network Access,'' IEEE Transactions on Signal Processing, vol. 70, pp. 1734-1748, 
2022, doi: 10.1109/TSP.2022.3159988. 

 
[32] Q. Deng, S. Zhang and Z. Ding, ``An Efficient Hypergraph Approach to Robust Point Cloud 

Resampling,'' IEEE Transactions on Image Processing, vol. 31, pp. 1924-1937, 2022, doi: 
10.1109/TIP.2022.3149225. 

 
[33] X. Ling, B. Zhang, H. Xie, J. Wang, Z. Ding, Hash Access in Blockchain Radio Access Networks: 

Characterization and Optimization IEEE Internet of Things Journal, 9(11): 8053-8066, 1 June 
2022 doi: 10.1109/JIOT.2021.3111915. 

 
[34] Qi, S.; He, M.; Bai, Z.; Ding, Z.; Sandhu, P.; Zhou, Y.; Namadi, P.; Tom, B.; Hoang, R.; 

Anderson, J. ``Multi-Location Emulation of a Process-Based Salinity MOdel Using Machine 
Learning',' Water , 14(13):2030, 2022, doi: 10.3390/w14132030. 

 
[35] C. Wang, A. -A. Lu, X. Gao and Z. Ding, ``Robust Precoding for 3D Massive MIMO 

Configuration With Matrix Manifold Optimization,'' IEEE Transactions on Wireless 
Communications, vol. 21, no. 5, pp. 3423-3437, May 2022, doi: 10.1109/TWC.2021.3121734. 

 
[36] Z. Liu, M. Del Rosario, and Z. Ding, ``A Markovian Model-Driven Deep Learning Framework for 

Massive MIMO CSI Feedback,'' in IEEE Transactions on Wireless Communications,, vol. 21, no. 
2, pp. 1214-1228, Feb. 2022, doi: 10.1109/TWC.2021.3103120. 

 
[37] L. Teng, G. Zhai, Y. Wu, X. Min, W. Zhang, Z. Ding, and C Xiao, ``QoE Driven VR 360Â° 

Video Massive MIMO Transmission," IEEE Transactions on Wireless Communications, vol. 21, 
no. 1, pp. 18-33, Jan. 2022, doi: 10.1109/TWC.2021.3093305. 

 
[38] Q. Deng, S. Zhang and Z. Ding, ``Point Cloud Resampling via Hypergraph Signal 

Processing,'' IEEE Signal Processing Letters, vol. 28, pp. 2117-2121, 2021, doi: 
10.1109/LSP.2021.3119257. 

 
[39] X. Ling, P. Chen, J. Wang and Z. Ding, ``Data Broker: Dynamic Multi-Hop Routing Protocol in 

Blockchain Radio Access Network,'' in IEEE Communications Letters, vol. 25, no. 12, pp. 4000-
4004, Dec. 2021, doi: 10.1109/LCOMM.2021.3114218. 

 
[40] Qi, Siyu, Zhaojun Bai, Zhi Ding, Nimal Jayasundara, Minxue He, Prabhjot Sandhu, Sanjaya 

Seneviratne, and Tariq Kadir, ``Enhanced Artificial Neural Networks for Salinity Estimation and 
Forecasting in the Sacramento-San Joaquin Delta of California.'' Journal of Water Resources 
Planning and Management 147, no. 10 (2021): 04021069. 

 

116



Expert/Consultant Curriculum Vitae 
 

Professor Zhi Ding, Ph.D.    Page 16 
Printed: 03/13/25 

[41] Y. -C. Lin, Z. Liu, T. -S. Lee and Z. Ding, ``Deep Learning Phase Compression for MIMO CSI 
Feedback by Exploiting FDD Channel Reciprocity,'' in IEEE Wireless Communications 
Letters, vol. 10, no. 10, pp. 2200-2204, Oct. 2021, doi: 10.1109/LWC.2021.3096808. 

 
[42] C. J. Feres and Z. Ding, ``Wirtinger Flow Meets Constant Modulus Algorithm: Revisiting Signal 

Recovery for Grant-Free Access,'' in IEEE Transactions on Signal Processing, vol 69, pp. 6515-
6529, Aug. 2021. doi: 10.1109/TSP.2021.3103038. 

 
[43] Q. Hu, Y. Liu, Y. Cai, G. Yu and Z. Ding, ``Joint Deep Reinforcement Learning and Unfolding: 

Beam Selection and Precoding for mmWave Multiuser MIMO With Lens Arrays,'' in IEEE 
Journal on Selected Areas in Communications, vol. 39, no. 8, pp. 2289-2304, Aug. 2021, doi: 
10.1109/JSAC.2021.3087233. 

 
[44] C. Sun, J. Wang, X. Gao, Z. Ding and X. Zheng, ``Fiber-Enabled Optical Wireless 

Communications With Full Beam Coverage,'' in IEEE Transactions on Communications, vol. 69, 
no. 5, pp. 3207-3221, May 2021, doi: 10.1109/TCOMM.2021.3059458. 

 
[45] Y. Ge, Q. Deng, P.C. Ching, Z. Ding ``OTFS Signaling for Uplink NOMA of Heterogeneous 

Mobility Users,'' in IEEE Transactions on Communications, 2021, doi: 
10.1109/TCOMM.2021.3059456. 

 
[46] Y. Ge, Q. Deng, P.C. Ching, Z. Ding ``Receiver design for OTFS with fractionally spaced 

sampling approach'', in IEEE Transactions on Wireless Communications, 2021, doi: 
10.1109/TWC.2021.3055585. 

 
[47] S. Zhang, S. Cui and Z. Ding, ``Hypergraph Spectral Analysis and Processing in 3D Point 
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