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Methods for efficient sigsnaling and addressing in wireless local area network systems

The following documents and standards descriptions are hereby incorporated into the present
disclosure as if fully set forth herein:

IEEE 802.11ac specifications define very high throughput (VHT) transmissions from AP to a single STA
using single user MIMO (SU-MIMO) and to multiple STAs using multi-user MIMO (MU-MIMO). The data
packet transmitted is called a VHT physical layer convergence procedure (PLCP) protocol data unit
(PPDU). A special PPDU called the MU PPDU contains the data streams meant for multiple STAs
transmitted using MU-MIMO. When SU-MIMO is used, the packet is called SU PPDU. The header to
both SU and MU PPDUs contains information necessary to decode the PPDU. Since the same header has
to indicate different types of payload (in addition to SU and MU-MIMO, there are other types of packets)
to the receiver’s physical layer, signaling fields in the header have multiple interpretations depending on
certain flags that are transmitted along with the signaling fields.

The basic structure of the header of a PPDU is shown in the Figure below. The header consists of
training fields and packet type indication. The header consists of legacy short training field (L-STF),
legacy long training field (L-LTF), legacy — signal field (L-SIG), VHT signal A (VHT-SIG-A), VHT short and
long training symbols and VHT signal B (VHT-SIG-B) fields. The fields with prefix legacy are meant to
indicate the packet type and duration to the non-VHT legacy users who may stop further processing of
the PPDU after decoding the legacy header. The VHT portion of the preamble consists of the VHT SIG-A,
VHT STF, VHT-LTF and VHT-SIG-B fields. This invention disclosure focuses on the modifications to the
VHT preamble to support orthogonal frequency division multiple access (OFDMA) that will allow
multiplexing of multiple users on different portions of the bandwidth. In particular, we will focus on
VHT-SIG-A and VHT-SIG-B fields that carry information required to interpret the VHT-PPDUs. The
different embodiments of this disclosure of invention cover the modifications necessary to support
indication of bandwidth segments to different STAs in an OFDMA multiplexing protocol.
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Figure 1 Header structure for VHT PPDU transmission

A brief review of VHT-SIG-A and VHT-SIG-B fields as specified in 802.11ac protocol follows: VHT-SIG-A
consists of two parts; the first part is called VHT-SIG-A1 and a second part called VHT-SIG-A2. The
structures of VHT SIG-A1 and VHT-SIG-A2 are shown in Figure 2 and Figure 3, respectively. Note that the
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mapping of the STBC field, the SU VHT-MCS/MU[1-3] coding field and the beamformed field is different
for VHT-SU and MU PPDUs. The SU and MU PPDUs are differentiated based on the 6 bit GROUP_ID field
carried at bit positions B4-B9: A value of 0 or 63 indicates a VHT SU PPDU; otherwise, indicates a VHT
MU PPDU. For each user in MU PPDU, the number of spatial streams are indicated using 3 bits NSTS
field where a value of 000 indicates that no spatial streams are transmitted for that user. The VHT-SIG-A
field is transmitted at % code rate using BPSK modulation and occupies two consecutive OFDM signals.
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Figure 3 VHT-SIG-A2 Structure
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The VHT-SIG-B field is one symbol and contains 26 bits in a 20MHz PPDU, 27 bits in a 40MHz PPDU and
29 bits in 80MHz, 160MHz and 80+80MHz PPDUs for each user. The fields in the VHT-SIG-B field are
listed in Table I. The interpretation of the fields for MU or SU PPDU is drawn from the 6 bit GROUP_ID
field carried at bit positions B4-B9 in VHT-SIG-A1: A value of 0 or 63 indicates a VHT SU PPDU; otherwise,

indicates a VHT MU PPDU. VHT-SIG_B Length field for user v shall be set as [A—PEP_LfNGTH“

APEP — LENGTH,, is the TXVECTOR parameter for APEP_LENGTH for user u. For each user u, the VHT-
SIG-B field shall be BCC encoded at rate R =% and mapped to a BPSK constellation. Unlike VHT-SIG-A
which is a commonly signaled for all users, VHT-SIG-B is user-specific and is mapped to Ngrs,, space-

] where

time streams by the user-specific elements of the first column of the P, yr; 7 matrix.

Table I Fields in VHG-SIG-B field

Field VHT MU PPDU Allocation (bits) VHT SU PPDU Allocation (bits) Description
8OMHz 8OMHz
20MHz 40MHz 160MHz 20MHz 40MHz 160MHz
80+80 MHz 80+80MHz
Length of A-
MPDU pre-
VHT-SIG-B BO-B15 BO-B16 BO-B18 BO-B16 BO-B18 B0-B20 EOF
length (16) an (19) an (19) 2n padding in
unit of four
octets
B16-B19 B17-B20 B19-B22
VHT-MCS @) ) @) N/A N/A N/A
B17-B19 B19-B20 B22-B22
Reserved N/A N/A N/A 3) @) @) All ones
Tail B20-B25 B21-B26 B23-B28 B20-B25 B21-B26 B23-B28 All zeros
©) 6) ©) 6) 6) 6)
Total #of 26 27 29 26 27 29
bits

The GROUP_ID is indicated to an STA by the AP along with the user position of a STA for one of more

group IDs. It is a managmement frame transmitted only to VHT STAs. It consists of two fields:
Membership Status Array Field of length 8 octets (shown in Figure 4) and user position array field of

length 16 octets (shown in Figure 5).

Within the 8 octet membership status array field, the 1-bit membership status sub-field for each group
ID is set as follows

- Setto 0if STAis not a member of the group
- Setto 1if STAis a member of the group
The Membership Status subfields for group ID 0 (transmissions to AP) and group ID 62 (downlink SU

transmissions) are reserved.
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Figure 4 Membership Status Array field
User position array field is used in the Group ID Management frame. A 16 octet user position array field

(indexed by the group ID) consists of a 2-bit User positon subfield for each of the 64 group IDs. If the
membership subfield for a particular group ID is 1, then the corresponding user position subfield is
encoded as shown in the Table II.

Table 11 Encoding of user position subfield
User Position
subfield value

User Position

00 0
01 1
10 2
11 3

If the membership status subfield for a group ID is 0 (meaning the STA is not a member of the group),
then the corresponding user position subfield in the user position array field is reserved. The user
position subfields for for group ID O (transmissions to AP) and group ID 62 (downlink SU transmissions)
are reserved.

BO B1 B2 B3 B126 B127
User Position in User Positionin  { User Position in
GroupID O Group ID:1 Group 1D 63
Bits: 2 2 2

Figure 5 User Position Array Field

The OFDMA structure for 802.11ax consists of the following building blocks:



Docket No: WD-201505-012-1-
USo
Provisional Patent Application

1. 26-tone RU consisting of 24 data tones and 2 pilot tones as defined for the S1G 1 MHz mode in
802.11ah
. Possible locations of the 26-tone RUs are fixed as shown in Figure 6, Figure 7 and Figure
8 for 20 MHz, 40 MHz and 80 MHz OFDMA PPDUs, respectively.
2. 52-tone RU consisting of 48 data tones and 4 pilot tones as defined in 802.11a
. Possible locations of the 52-tone RUs are fixed as shown in Figure 6, Figure 7 and Figure
8 for 20 MHz, 40 MHz and 80 MHz OFDMA PPDUs, respectively.
3. TBDI1-tone RU consisting of 102 data tones and TBDZ2 pilot tones

. A single value to be chosen for TBD2, within the range of 4~6 (inclusive)

. TBD1 =102 + TBD2

. Interleaver parameter following that of VHT 40 MHz mode in 802.11ac, except that Ncol
=17

. Possible locations of the TBD1-tone RUs are fixed as shown in Figure 6, Figure 7 and

Figure 8 for 20 MHz, 40 MHz and 80 MHz OFDMA PPDUs, respectively.
4. 242-tone RU consisting of 234 data tones and 8 pilot tones as defined for the VHT 80 MHz mode
in 802.11ac
. Possible locations of the 242-tone RUs are fixed as shown in Figure 7 and Figure 8 for 40
MHz and 80 MHz OFDMA PPDUs, respectively
5. 484-tone RU consisting of 468 data tones and 16 pilot tones as defined for the VHT 160 MHz
mode in 802.11ac
. Possible locations of the 484-tone RUs are fixed as shown in Figure 8 for 80 MHz OFDMA
PPDUs.

NOTE 1-Possible RU locations in a 40 MHz OFDMA PPDU is equivalent to two replicas of the possible RU locations
in a 20 MHz OFDMA PPDU.

NOTE 2—-Possible RU locations in an 80 MHz OFDMA PPDU is equivalent to two replicas of the possible RU locations
in a 40 MHz OFDMA PPDU.
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Exact location of leftover tones when using 26, 52 or TBD1-tone RUs within a 242 tone unit is TBD.

Figure 6 - Possible RU locations in a 20 MHz OFDMA PPDU

Figure 7 - Possible RU locations in a 40 MHz OFDMA PPDU
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Figure 8 - Possible RU locations in an 80 MHz OFDMA PPDU
An OFDMA PPDU can carry a mix of different resource unit sizes within each 242 resource unit boundary.

This invention disclosure covers resource unit arrangement and signaling in HE-SIG-B fields of the PHY
preamble. Specifically, we cover the following:

RU arrangement indexing

HE-SIG-B multiplexing

Derivation of extended group ID by concatenation and user position update.
Number of allocations implicit by use of extended group ID

A description of example embodiments is provided on the follow pages.

The text and figures are provided solely as examples to aid the reader in understanding the
invention. They are not intended and are not to be construed as limiting the scope of this
invention in any manner. Although certain embodiments and examples have been provided, it
will be apparent to those skilled in the art based on the disclosures herein that changes in the
embodiments and examples shown may be made without departing from the scope of this
invention.

This invention covers the methods and apparatus required to enable signaling of orthogonal frequency
division multiple access (OFDMA) and multi-user MIMO (MU-MIMO) allocations to different users
addressed in a packet based wireless systems like IEEE 802.11.

The invention shows methods of enabling OFDMA and MU-MIMO in a packet in the latest version of the
IEEE 802.11 standard known as 11ax currently under development. The flexibility in signaling and the
acceptable overhead play a key role in determining efficient signaling mechanism for multi-user packets.
We adapt and modify some legacy signaling elements to support OFDMA and MU-MIMO together in
one DL MU packet.

RU arrangement indexing
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In an embodiment of the current invention, an index of RU arrangement is transmitted in the HE-SIG. A combination
of RUs, made up of different RU sizes, that cumulatively span the BW indicated is called an RU arrangement. For
example, 9 RUs made up of 26 tones per RU arranged at locations indicated in Figure 1 is a combination and spans
20MHz. An RU arrangement also encodes positional information —i.e., in a 20MHz PPDU [52 26 26 26 26 26 26 26]
arrangement is different from [26 26 52 26 26 26 26 26] arrangement. The different RU arrangements can be indexed
and the index of an arrangement is signaled in the common duplicated portion of SIG-B. Using this index, the
frequency domain arrangement of the RUs are indicated to the STAs receiving the packet. This indexing- RU
arrangement indexing can save significant overhead compared to methods like bitmap based signaling of RU
arrangement. For 20MHz bandwidth, there are a total of 25 different RU arrangements possible, each of which span
the bandwidth as shown in Figure 9. Therefore, a total of 5 bits would be required to index all RU arrangements for
20MHz bandwidth. An index of 0 or 1(depending on where the index starts) can indicate that all the RUs are made of
26 tone tone RUs.

Arrangement

Index

1 26 26 26 26 26 26 26 26 26
2 52 26 26 26 26 26 26 26
3 26 26 52 26 26 26 26 26
4 26 26 26 26 26 52 26 26
5 26 26 26 26 26 26 26 52

6 52 52 26 26 26 26 26
7 52 26 26 26 52 26 26
8 52 26 26 26 26 26 52

9 26 26 52 26 52 26 26
10 26 26 52 26 26 26 52

11 26 26 26 26 26 52 52

12 102 26 26 26 26 26
13 26 26 26 26 26 102

14 102 26 52 26 26
15 102 26 26 26 52

16 102 26 52 52

17 52 26 26 26 102

18 26 26 52 26 102

19 52 52 26 102

20 102 26 102

21 52 52 26 52 26 26
22 52 52 26 52 52

23 52 52 26 26 26 52

24 52 26 26 26 52 52

25 26 26 52 26 52 52

Figure 9 RU arrangement indexing for 20MHz BW
HE-SIG-B fields and their derivations

In an embodiment of the current invention, the user allocation for both single and multi-user PPDUs are indicated in
HE-SIG-B fields. The allocation information for single-user MIMO PPDUs consists of an binary convolution code
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component that is duplicated every 20MHz over the bandwidth indicated in SIG-A. The allocation information for
multi-user information consists of two parts:

1. a first part containing N_rua(BW) bit resource unit arrangement index indicating the resource unit
arrangement in the frequency domain, the N_sta bit number of STAs signaled in the allocation and a list of N
bits STA-IDs along with 1 bit SU/MU allocation per STA. Totally there will be N_rua(BW) + N_sta(N + 2) bits
indicated in the first part. The 1 bit SU/MU allocation indicates if the STA is part of a MU allocation over the
RU or not. The ordering of the STAs determines the user position in the MU allocation.

a. Avreserve STA-ID can indicate no allocation over a particular resource unit. For example, STA-ID 0 can
indicate that the resource unit is left empty and no data is carried over the resource unit.

b. The common part can be specific for each 20MHz segment and different among each 20MHz
segments over which data is transmitted.

2. A second part containing user-specific information carried in the 20MHz segment in which the users data is
transmitted. Each 20MHz segment contains an arrangement of RUs the largest of which is a 242 resource
unit allocation. All allocations that fall with-in this 242 resource unit is carried in 20MHz channel whose
center frequency is closest to the allocation. This per 20MHz indication carries STA specific information like
STBC, Beamformed, LDPC coding, LDPC extra symbol, Number of spatial streams, MCS of the allocation. This
information can be individually encoded with a CRC. Another option would be to jointly encode the
information of all STAs scheduled in the 20MHz segment using a blind convolutional code. Since the STAIDs
are indicated in the common portion, the information is arranged according to the order in which STAs are
listed in the common portion of the signaling.

a. Users scheduled as part of an MU-MIMO allocation can have different information content than a
single user allocation. For example, MCS of the MU-MIMO information can be the same for all users
—and the MCS field can be common for users scheduled in MU-MIMO.

b. When users are scheduled using MU-MIMO over the entire BW, the user specific information portion
is common in all 20MHz segments and is duplicated. The STAs scheduled in such an MU-MIMO
allocation can derive the information from the RU arrangement index and SU/MU bit indicator in the
HE-SIG-A. Another way for the STAs to derive this information is with a 2 bit SU/MU indicator where
a particular 2 bit index indicates MU-MIMO over the entire bandwidth.

c. Scheduling information for users scheduled in the center 26 tone resource unit of a 80MHz allocation
or allocations greater than 20MHz can be carried

i. As the last allocation information in the 20MHz whose subcarrier index precedes the first
subcarrier index of the center 26 tone resource unit.
ii. As the first allocation information in the 20MHz segment whose subcarrier index is greater
than the first subcarrier index of the center 26 tone resource unit
iii. Duplicated in the 20MHz segments that encase the central 26 tone allocation.
The order of the STA-ID indicated in the common portion is maintained when carrying information
for the center 26 tone resource unit when carried using any of the above 3 methods.

The above described HE-SIG-B is illustrated for a 80MHz OFDMA allocation in Figure 10.



Docket No: WD-201505-012-1-
USo
Provisional Patent Application

HE SIG-B Multiplexing

Common

FD#1 ; FD#2 | FD#3 | FD#4 | FD#5
Control

Common

Control FD #6

Padding

FD #6

FD #7 that straddles
—— the DC can be carried
[ 7 inone of the two
possible locations or
duplicated in both

FD #8

Common

FD #8 | FD #9 |FD #10 | Padding
Control

Common
Control

FD #11

FD #11 § Padding

Figure 10 HE-SIG-B contents containing common signaling part that is duplicated per 20MHz and per 20MHz signaling
containing relevant decoding information for STAs scheduled in the RUs under that 20MHz.

10
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In an embodiment of the current invention, the user allocation for multi-user PPDUs are indicated in HE-SIG-B fields.
The allocation information for multi-user information consists of two parts — a common part indicating the allocation
index and other common fields as described in the preceding embodiment and a per 20MHz signaling part with fields
carried as described in the preceding embodiment. The allocation information for a single user PPDU is carried in the
HE-SIG-A.

in an embodiment of the current invention, the per 20MHz HE-SIG-B carry signaling information and the user data
indicated by the signaling information are carried in the same 20MHz frequency channelis as shown in Figure 11.

in an embodiment of the current invention, the MCS used for the common and user specific fields of HE-5IG-B in
each 20MHz segment can be different. The MCS for the HE-5IG-B can be signaled in one of two ways:
1. The MCS for each 20MHz segment is indicated in HE-SIG-A.
2. The MCS for each 20MHz segment is carried in a section of the HE-SIG-B commuon fields. This section of the
HE-5IG-B common fields can indicate the resource allocation and the MCS for the remaining aliocation
information and is encoded separately with a fixed MCS.

in an embodiment of the current invention, the common and user specific portions of the allocations per 20MHz can
be encoded together using blind convolutional code. The STAs decode each HE-SIG-B in each 20MHz segment to
identify which section carries information for them.

in an embodiment of the current invention, the common portion consisting of user aliocation and 5TA-IDs can be
encoded separately per 20MHz segment from the user specific portion. The user specific portion is encoded in a
separate convolution code.

in an embodiment of the current invention, the 26 tone RU spiit around the DC tones may be left unused in an
S0MHz MU PPDLUL

in an embodiment of the current invention, the resource allocation for the 26tone RU split around the DC tones of a
80MHz MU PPDU may be indicated by an extra bit in either of the 20MHz segments or duplicated in both 20MHz
segments surrounding the DC tones. The presence of the extra bit is triggered by the bandwidth signaling when set
to 80MHz. The extra bit comes immaediately preceding the 5 bit rescurce unit arrangement indication for the 20MHz
segment. The STA ID and user specific portion also follow the same order of indication as the rescurce unit
arrangement indication.

11
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Figure 11 The signaling in HE-SIG-B and its relation to the user data - the signaling and the user data are carried in the
same 20MHz segment.

Extended Group ID and updated user positions.

In an embodiment of the current invention, a new MU-MIMO allocation over the entire bandwidth or in a particular
resource unit is indicated by a extended group ID derived by concatenating two group IDs where the notion of group
ID is as defined in IEEE 802.11ac specification. The STAs are indicated to the groups they belong using the group ID
and user position management messages. Each 6 bit group ID indicates a group of 4 users where each user is
indicated a position going from 0 (00) to 3 (11). The concatenation of two group IDs produces a 12 bit extended
group ID where the first 6 bits indicates the first group ID and the second 6 bits indicates the second group ID as
illustrated in Figure 12. The user positions are updated to reflect the concatenation i.e., users in the first group ID
retain their positions from 0(000) to 3(011) and the users in the second indicated group ID update their positions
from 4(100) to 7(111) as shown in Figure 13. The concatenation of the group ID enlarges the number of users who
can be scheduled in a MU-MIMO allocation to 8.

12
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BO' Concatenated GROUP ID B11'

GROUPID 1

GROUP ID 2
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Figure 12 Concatenated or extended Group ID generation by concatenating two Group IDs

USER POSITION #0

USER POSITION #1

GROUP ID 2
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USER POSITION #1
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Concatenated
Group ID

USER POSITION #0

USER POSITION #1

USER POSITION #2

USER POSITION #3

USER POSITION #4

USER POSITION #5

USER POSITION #6

USER POSITION #7

USER POSITION #3

Figure 13 User Position Updated based on the group ID concatenation
The use of a reserve group ID index (for example group ID 0 or group ID 63) in the system in the second 6 bits of the
concatenated group ID indicates a no-enlargement of MU-MIMO user group and the maximum number of users
scheduled in MU-MIMO user group is 4. Only the users in the first 6 bits of the concatenated group ID are scheduled
in the MU-MIMO allocation.

Use of group ID and derived # of allocations

In an embodiment of the current invention, the user allocation for both single and multi-user PPDUs are indicated in
HE-SIG-B fields. The allocation information for single-user MIMO PPDUs consists of an binary convolution code
component that is duplicated every 20MHz over the bandwidth indicated in SIG-A. The allocation information for
multi-user information consists of two parts:

1. a first common part containing N_rua bit resource unit arrangement index indicating the resource unit
arrangement in the frequency domai, and a list of N bits STA-ID(for SU allocation) or Group ID(for MU-MIMO
allocation) along with 1 bit SU/MU allocation per ID. Totally there will be N_rua(BW) + N_sta(N + 1)
information bits indicated in the first part. The 1 bit SU/MU allocation indicates if the succeeding N-bit ID is a

13
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GrouplD or a STA ID. The group ID used can be a concatenated group ID as described in the preceding
embodiment or a new enlarged group ID mechanism used for 11lax. The user positions are updated if
concatenation of group ID is used.

a. Avreserve STA-ID can indicate no allocation over a particular resource unit. For example, STA-ID 0 can
indicate that the resource unit is left empty and no data is carried over the resource unit.

2. A second part containing user-specific information carried in the 20MHz segment in which the users data is
transmitted. Each 20MHz segment contains an arrangement of RUs the largest of which is a 242 resource
unit allocation. All RU allocations that fall with-in the umbrella of this 242 resource unit (as illustrated in Fig.)
is carried in 20MHz channel whose center frequency is closest to the allocation. This per 20MHz indication
carries STA specific information like STBC, Beamformed, LDPC coding, LDPC extra symbol, Number of spatial
streams, MCS of the allocation. This information can be individually encoded with a CRC. Another option
would be to jointly encode the information of all STAs scheduled in the 20MHz segment using a blind
convolutional code. Since the STAIDs are indicated in the common portion, the information is arranged
according to the order in which STAs are listed in the common portion of the signaling.

a. Users scheduled as part of an MU-MIMO allocation can have different information content than a
single user allocation. For example, MCS of the MU-MIMO information can be the same for all users
—and the MCS field can be common for users scheduled in MU-MIMO.

b. When users are scheduled using MU-MIMO over the entire BW, the user specific information portion
is common in all 20MHz segments and is duplicated. The STAs scheduled in such an MU-MIMO
allocation can derive the information from the RU arrangement index and SU/MU bit indicator in the
HE-SIG-A. Another way for the STAs to derive this information is with a 2 bit SU/MU indicator where
a particular 2 bit index indicates MU-MIMO over the entire bandwidth.

c. Scheduling information for users scheduled in the center 26 tone resource unit of a 80MHz allocation
or allocations greater than 20MHz can be carried

i. As the last allocation information in the 20MHz whose subcarrier index precedes the first
subcarrier index of the center 26 tone resource unit.
ii. As the first allocation information in the 20MHz segment whose subcarrier index is greater
than the first subcarrier index of the center 26 tone resource unit
iii. Duplicated in the 20MHz segments that encase the central 26 tone allocation.
The order of the STA-ID indicated in the common portion is maintained when carrying information
for the center 26 tone resource unit when carried using any of the above 3 methods.

In an embodiment of the current invention, the user allocation for multi-user PPDUs are indicated in HE-SIG-B fields.
The allocation information for multi-user information consists of two parts — a common part indicating the allocation
index and other common fields as described in the preceding embodiment and a per 20MHz signaling part with fields
carried as described in the preceding embodiment. Tlhe allocation information for a single user PPDU is carried in
the HE-SIG-A.

In an embodiment of the current invention, the number of OFDM symbols required to carry the common part may
be variable and be indicated by a phase change in the pilot symbol of the last OFDM symbol carrying the common
part HE-SIG-B. The number of OFDM symbols required to carry the per 20MHz signaling part may be variable and be
indicated by a phase change in the pilot symbol of the last OFDM symbol carrying the per 20MHz signaling part.

In another embodiment, the number of OFDM symbols required in the per 20MHz signaling portion of the HE-SIG-B
can be derived from the allocation size in the common portion and not explicitly signaled.

14
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in an embodiment of the current invention, the resource aliocation information can be indicated along with the user
specific information in a self-contained block — where the user has all the information necessary to encode the data
allocated to it. Each block contains information like STAID, the MCS/MIMO and other fields necessary to decode the
data, the resource position index and a CRC that can be hashed with the STAID. The STA decodes each block and
checks if the aliocation belongs to him.  The 5TA continues decoding till all the resource allocation blocks are
compietely decoded. Multiple resource units may be allocated to an STA.

In an embodiment of the current invention, each self contained block can be encoded separately using a
convolutional code.

In an embodiment of the current invention, muitiple self contained blocks that support the same MCS can be
encoded together using a convolutional code.

In an embodiment of the current invention, the resource allocation information carried in the self contained block
contains the index of the RU that carries the MPDU for a signaled STA. The RU index is a numerical index of the RU
depending on its size. There are 9 26 tone RUs, 4 52 tone RUs, 2 106 tone Ris and 1 242 tone RUs — accounting for a
total of 16 RU indices that can be indicated with 4 bits for 20MHz as shown in Figure 14. For40 MHz, Figure 15 shows
33 different RU indices — needing 6 bits. For 80MHz, Figure 16 shows 69 different RU indices — needing 7 bits of RU
indexing to be transmitted.

%&&&& é § @ & \\\%\§ . dsg& 9 26 tone RUs
T TR T T

§\\\\\\\\ \\R 5 Edge 2 106 tone RUs

1242 tone RUs

6 Eage \\\\\\\\ \\\§§

& Edge

HEZO oith 7O for OFDMA 16 RU indices => 4 bits

Figure 14 RU Position Indexing for 20MHz

18 26 tone RUs
8 52 tone RUs
4106 tone RUs

2 242 tone RUs
1484 tone RU

33 RU indices = 6 bits

Figure 15 RU Position Indexing for 40MHz
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Figure 16 RU Position indexing for SOMHz

The size of the RU position index carried in the block of a user allocation information varies according to the
bandwidth information signaled in the HE-SIG-A. If the size of the block of a user allocation is fixed, then the exira
bits needed for the RU position indication is derived by shrinking the size of the partial STA-ID signaled in the block.
For example, in a 20MHz MU PPDU, the STA-ID can take 9 bits and the RU position indexing can be 5 bits {4 bits + 1
bit reserved). In a 40MHz MU PPDU, the STA-ID can take 8 bits and the RU position indexing can be 6 bits. In a
20MHz MU PPDU, the STA-ID can take 7 bit and the RU position indexing can be 7 bits.

In an embodiment of the current invention, the block of allocation information for an STA in a MU PPDU can appear
in a 20MHz segment that is different from the 20MHz segment that carries the data for the said STA. This flexibility
allows better load balancing and packing efficiency for HE-SIG-B. The RU position indexing can indicate any resource
unit in the bandwidth and therefore the block of allocation information for a STA in a MU PPDU can be carried in any
20MHz without being tied closely to the location of the assigned RU in the bandwidth.

In an embodiment of the current invention, the MCS used for different self contained block or group of self
contained blocks can be different. The MCS used for each group is signaled in HE-SIG-A or a common information in
the HE-SIG-B The use of different MCS can be different across different portions of the bandwidth and/or different
OFDM symbols that the HE-51G-B occupies.

In an embodiment of the current invention, given the fixed location of Rus in the OFDMA tone plan, the snumeration
of possibie RU arrangerments aver a specific bandwidth is specified and signaled. A 20MHz bandwidth with a span of
242 tone RUs or less is used as a building block. Spedifying RU arrangement admits flexibility to signal only thoss
resource urits arrangement that are supported over a specified bandwidth, Using 4 building blocks - a 26 tone RU, &
52 tone RU, & 106 tone RU and a 242 tone RU, a 200MHz channel admits 26 different RU arrangement as ilfustrated in
Figure 17Figure 17 and would need 5 signaling bits, Even if we remove the bandwidih specificity, we would need B
signating bits to indicate RU arrangement possible with the 4 sizes of RU bullding blocks in a way that spans the
bandwidth indicated by a 247 tone RUL

6 arrangements need no more than 5 bits. 5 bits can signal up to 32 different RU arrangement. Since we still have 8
more RU arrangements that can be indicated to use up the 5 bit width budget, larger RU building blocks can be
indicated. Ag shown in Figure 18, & 484 tone RU, 996 tone RU and & 25996 tone RU can be signaled by transmitting
ar index that encodes the arrangement of an RU,
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Figure 17: RU arrangement Indexing up to 242 tone RU
27 484
bt 596
Figure 18 Extending RU arrangement indexing to indicate large RU sizes

EEE 802 1lax agreed to support MU-MIMO on Rus of size greater than or egual to 106 tones, RU -E‘?'?’Eii'ig;‘“’?’iﬁ"’% s that
indicate the use of an RU larger than or equal 1o 106 tone RUs are Hikely to have MU transmissions. The following
embodiments show hm nating RU arrangement can be accommuaodated to in Liu.aie hAL ?»’EEMJ FESOLNCES

sign
*g-cufcﬁiy the conte of the common arvangement 1o \;,nm‘\; hoth RU arrangement and MU-MIMO resource
information is dzss;ussed. in addition to identifying the MU-rescurces, it is also important to know the number of

users scheduled in an MU-RMIMO resource.

f..

in an embodiment of the current invention, the number of users scheduled using MU-MIMO is explivitly signaled.
When an MU-MIMG capable RU is signaled in the RU arrangement, the bits following the RU arrangement will

indizate the number of users per MU allocation. Since only some RU sizes can support MU-MIMQO, the bit sequsnce
witl i@ all zera if the RU sizes cannot support MU-RMIMO or #f no MU-MIMO is usad in the PPDUL F RU arrangements
are indicated i granularity of 200Hz or 242 tone Rils, then there can be at most two Rus spanning the same
bandh v;fﬁ:h as a 242 tone RU that is capable of carrying MU-MIMO in g PPDUL Given a maximum of 8 users can be
carriad in an MU-MIMO PPDU, sach RU capable of r‘ramm-thng MU-MIMO needs 3 bits, Therefore, up to & bils
necassary per SIG-B channel with granularity of 242 tone RU- 3 hits per 106 fone RLL So the common information
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containg a 5 hit RU arrangement and a 6 bit indication for number of users En PMU-MMIMO resource, 3 per 106 tone
Rl When RU size greater than 106 tone RU is indicated in the arrangement, only the 3 L8Bs are used to indicate
MU-MIMO users. A non-zero indication in the 3 bits indicates positively ’n ui RIMO, the spes
indicates the number of users signale

le
Rif arrangement precludes use of MU

¢ value of 3 bits
wd i the MU-MIMO resource, Set the 8 of STA users per M field to 000000 —f
U-MIMO.

The Ril-arrangement and the number of users per MU-MIMO resource together form the common portion of a HE-
SIG-8 channel and are idlustrated in Figure 19.  The following per-user signaling portion carries information
individually for sach usars. The number of users for whom the information is carried i derfved from the number of
Rils indicated in the RU arrangemeant and the number of users indicated in MU-MIBQ resources. The total # of per-
STA information elements carried is a product of the number of RUs and the number of users in f"?Uv“\’Eii‘v’iﬁ Each of
the per-5TA information slements carry a STA-ID field with a bit width to identify the 5TA schaduled in the MU-PPDUL
Multinie per STA information elements ¢an be Ms:mdev together in a gm\m as aEimt rated in Figure 19.

P EMIOUED SROUP &

8 Users per | eRastiiniQ L SERSTAINIG

L ARRANGEMENT KAL) Crked SEaws

N INELRRATION

CONING

Figure 19. Common Information carrying RU information and Number of Users per MU allocation

I an embodiment of the current invention, a MU flag following the RU arrangement field indicates if an RU capable
of carrying MU-MIMO carries MU-MIMO in the transmitted PPDU. I RU arrangements are indicated in granularity of
20MHz or 242 tone RUs, then there can be at most two RUs spanning the same bandwidth as a 242 tone RBU that is
capable of carrving MUSMIMG in 3 PPDUL Therefore, 8 2 bit MU flag ~ indicates i MU is supported on the RU size {1
hit per 106 tone RUL The flag is set of O i no MUSMIMO is used in the PPDU or if the RU arrangement precludes use
of MU-RMIMGO, The flag is set to 1 if the RU indicated carries MU-MIMO - the first bit in the flag indicating the first
Rl of size 106 tones and a second bit in the flag indicating the second RU of size 106 tones. For RU arrangements
indicating only 106 tone RU or 247 tone RU and higher sizes, the L1SB of the 2 bits flag can indicate MU for the RUs
indicated or both bits can be set to indicate presence of MU-MIMO in the rescurce.  The RU arrangement and the
ViU Hlag comprises the commaon information portion in the HE-SIG-R channel as shown in Figure 20.

el

The per-user signaling portion follows the common information portion for the HE-SIG-B channel and carries
information necessary to identify users as Nei. as the decoding information for the data PPDU for the users. Ri
allocation addressed to a single user are identified by a STA- D and arg of a pa*tsmiar size. MU-MIMO RU allocations
are identified using & Group 1D and are of a size different from the SU allocations. The information for all users
scheduled using MU-MIMO on a RU are carried together and all of them are identified using a common group 1D,
’H‘e size of Mu-Allocation information is di }‘1‘3 ent from SU allocations, MU users are signaled and sncoded together.
aiﬁﬂscatssn s*si‘mrvat-on are sighaled separately and may be groups of 5U allocations mdy be encoded together o
separately, i the MU flag indicates the presence of MU-MIMGO allocation, then the STA understand that Ehe
alipeation info  at position corresponding to the RU position in the bandwidth is a MU allocation and is of a size
different from the STA allocation as showr in Figure 20.

1)
o

f
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Figure 20 Common information carrying RU arrangement and MU flag.

it an embodiment of the current invention, the RU arrangement and MU-MIMO flag are encoded together in a
transmittad seqguencs of bits that forms the common mformation portion of a HE-SIG-B Pham@i in addition to the
g indices that show RU arrangements {Figure 17 and Figure 18}, new arrangemeant fislds are added that could
ndicate a same RU arrangsment but are different — one indicates SU arrangements and the other indicates the
presences of MU-MIMO, For example, index 3, 30, 31, and 32 refer to the same {106 26 106] arrangemeant bul index 3
indis ates anby 53U, while indices 30, 31 and 3 7 md;m*@ presence of MU-MIMO in sither or both of the 105 tone Rils,
From the 20 indices with no MU-MIMQ, we need 15 additional indices r‘bat have at lsast one MU-MIMO RU. Soa
total of 44 RU indices increases the RU signaling rsverheaai to & bits and is tarried in the common information portion
of the HE-SIG-B channel as i Ei\s\tra tad inn Figure 22 ement Ends-:es are indicated in Figure 21.
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Figure 21 Additional indices for RU arrangement when signaling MU-MIMO resources
Encoding the MU-MIMGO RUs along with the RU arrangement does not disambiguate the § of users per MU-MIBMO RU
when STAID addressing is used, I an embodiment of the current invention, additional signaling bits are necessary
to indicate the # of users and are to be carried in the common information portion of the HE-SIG-B channel

The per-user \gj-d ling portion follows the common information portion for the HE-SIG-B channel and carries
information necessary to identify users as well as the decoding information for the data PPDU for the users. RU
atiocation addressed to a single user are identified by a STA-ID and are of a particular size. MU-MIMO RU allocations
are dent n‘sad using a Group 1D and are of a size different from the SU allocations. The information for all users
scheduled using MU-MIMGO on a RU are carried together and all of them are identified using a commuon t:mup i,
The size cf MU-Allocation information is different from SU allocations. MU users are manair 1¢d dnfi encoded together,
Su alfocation information are signaled separately and may be groups of SU allocations may be encoded together or
separately. If the RU arrangement indicates MU-MIMO resource unit, then the STA understand that the allocation
info at position wrrﬂsmndmg to the RU position in the banchwidth is a MU allocation and is of a size different from
the 5TA allocation as shown in Figure 22.

19



Docket No: WD-201505-012-1-
USo
Provisional Patent Application

8L ARRANGEMENT
+ MU-MIMO BUY

FER ”“A el
Allsraionineg AlBcsEA

“E“ SRR
:‘\iiz\camﬂ &

COMMON INFORMATION
Figure 22 Common information containing resource allocation field that contains integrated RU arrangement and MU-
MIMO RU

In an embodiment of the current irvention, a resource allocation index signaled in the common portion of HE-SIG-B
channel carries the following information

Rl Arrangement

H RMU-RMIMO Capable RUs carry MU-MIMO

Number of users multiplexed using MU-MIMO
A transmitted resource allocation indew will differ when different RU arrangements are used or when for the same
RU arrangement, different number of users multinlexed using MU-MIMO. Since up to 8 users can be multiplexed in
ary MU-MIMO allocation, 8 indices indicating different # of users for a MU-MIMO capable RU within the sams RU
arrangement. The tabulated indices encoding jointly the RU arrangements and the nurmber of users for a MU-MIMGO
index is showa in Figure 23. For e ampia, as shown in Figure 23, index 3 & 4 ~ Indicate an RU arrangament [106 26
1067 over a channel: index 3 - refers to SU transmissions in the RU while index 4 - refers to MU MIMO in the first 108
RU with 2 users and SU in the remaining RJs There are total of 64 different indices that refer to the same {106 26
106] BU arrangement, each with differing # of users in efther of the MU-MIMO capable 106 tons RU For the
different RU sizes and arrangements possible, a total of 175 different indices can be signaled and would reqguire 8§
signaling hits and is carried in the cormmon information portion of the HE-SIG-B channel as iflustrated in Figure 24.
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Figure 23 Signaling the RU arrangement along with the number of users for MU-MIMO resources.
Indicating jointly the BU arrangement and the number of MU-MIMO users in an MU-MIMO resource results in the
compact common information fisld. The per-user signaling portion follows the commaon information portion for the
HE-SIG-B channel and carries information necessary to identify users as well as the decoding information for the data
PRDU for the users. It admits both STAID and GroupiD addressing for MU-MIMO.  An arrangerment of the per-user
information element where each user is identi f ad by an STAID is shown in Flgure 24.

Wmemeneees TOED GROUP #1-mmmmmeeeee B S ENTIOEE SROUP 82 3 3 SRCODED BROUN Hificnnmnnnone .
; 4 bt 34 bite % RS ' § it d
RUARRANGEMENT + M- L PRRsTaNFO L PERSTAINGD CATA R .
MM+ NUMBER OF USERS LTS SRS

COMMEON INFORMATION
Figure 24 Arrangement of common information containing both RU arrangement and the number of users for MU-
MIMO RUs in a HE-SIG-B Channel

In an embodiment of the current invention, the RU allocation index can communicate indices that indicates unused
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resources and used resources. The total number of per STA information fields that follow changes depending on the
number of used resources indicated by the index. No per STA information fields are sent for resources indicated to
be unused in the resource allocation index. For certain arrangements involving larger or equal RU sizes, the central
26 tone RU may not be used or allocated to any STAID to improve padding efficiency as shown in the table below.
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Four different options for indicating the RU arrangement and MU-MIMO resources in the comman
information portion of a HE-SIG-B channel have been identified in the precading embodiments. A summary
of these choices identifying the number of bits required for s;sach option and the impact of the signaling

choice on the succesading user signaling ;L*"HSG:% is int Figure 25. Options 1 and 4 are flexible and identify
Lsmmbzgw\miv “? e number of users in an MU-MIMO allocation. There are flexible in accommuodating either
STA-ID and Group 1D addressing the successing user signaling portion. Although, they slightly favor the STA-
1D signaling with improved efficlency for the case. Options 2 and 4 can be supported by using Group {3 1o
address users in MU-MIMG aliocation since the MU-flag indicated separately or jointly does not
disamibi ihe wimber of users in the MU-MIMO allocation.
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Figure 25 Summary of the different common information types possible.

The following embodiments describe the HE-SIG-B Multiplexing elements and considerations,

in an embodiment of the current invention, the HE-SIG-B for a 200MHz MU PPOU is constructed using a common
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information portion followed by a per-user allocation information as shown in Figure 26. The RU Arys ‘mgemﬂn + PU-
MIMO infor matsm is signaled in the common information followed by per-user allocation information. An STA uses
the commuon information and the position of its per-user aliocation to unambiguously identify the RU containing it
data.

HE-SIG-B
Channel 1

Lonwsosn induraation
el A

X

Ny

forovsronsessss

Figure 26 HE-SIG-B channel for 20MHz containing a common information followed by per-user allocation information

M an embodiment of the current invention, the HE-SIG-8 for a 40MHz MU PPDU contains two channels as Hlustrated
i Figure 27. Each HE-SIG-B channel carrigs different information and each identifying a RU granularity up to 242
tone RU that span the 20MHz channel It is carried in. Thus, Hi;-»%iu--&% channels keap control information in the 20MHz

sub-carriers closest 1o the data sub-carriers. Each channel carries RU allocation information for users schedulad and
contains an commuon information portion as well as the user spe cs‘fsc information portion. The common portion and
user-spaecific portion for HE-SIG-B channal 1

indicates ti-c allocation information fO" users scheduled in the primary
200MHz and the common portion and user specific portion for HE-SIG-B channel 2 indicates the allocation snfass‘matisn
for users schaduled in secondary 40MHz. The HE-SIG-B channels can be of different sizes and can indicate different
number of users. However, they will end at the same symbol. When the number of users indicated are different n
sach HF SHG-B channel, the HE-SIG-B channel indicating fewer users is required to pad to squalize the length of hoth
HE-SHG-B channel and en SUFe 5 ‘;n:baé alignment.

HE-SIG-B
Chanzel 1
HE-SIG-B
Channel 2

Comvsn infiraation
Chsnaad & {008

Corsessa ndarsnaion
Changad R 300G

Figure 27 HE-SIG-B transmission for 40MHz BW contains two HE-SIG-B channels that carry information for their
respective 20MHz channels.

I an embodiment of the current invention, When 484 unit RU is scheduled in & 400MHz MU PPDU, the two HE-SIG-B
channels will indicate the same information e, the contents of HE-SIG-B channel 1 is duplicated in the HE-SIG-B

channel 2 as shown in Figure 28,

HE-SK-B
Channet 1

v indaemation
Channed & &8 {8088HA

’:‘} WMEIN f\\{ﬁn‘“ii‘ i()"‘
X R it
3 £.§=s\\r«>§ A &R (AR

Figure 28 HE- SIG B transmission when a 484 tone RU is signaled indicating transmission over the entire 40MHz.

In an embodiment of the current invention, when 484 tone RU is scheduled in 40MHz PPDU, the per-user allocation
information is split equitably into the two HE-SIG-B channels. If there are N users scheduled in the MU-PPDU, then

user allocation information

each HE-SIG-B channel can contain up to l J per-user allocation fields where the 1 to
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is carried in HE-SIG-B Channel 1 and 2 +1 to N user allocations are carried in HE-SIG-B Channel 2. The common

information signaling for MU-PPU with 484 tone RU arrangement may either be duplicated in each HE-SIG-B channel
or indicated in HE-SIG-A. When signaled in HE-SIG-A, the common information is not present in HE-SIG-B channels.

In an embodirnent of the current invention, the HE-MG-B for a BEMHz MU PEDU contains two channels as Hlustrated
irs Figure 29. Each HE-SIG-B channe! carries different information and the HE-SIG-B channels are duplicated gmr
A0MHz Le,, HE-5IG-B Channel 1 iz carried in “hdﬁﬁ?i A& C of 8O0MHz while HE-MG-B Channel 2 fscarried in B & D of
SO”MHz as ahmﬂm int Figure 29. 20MHz channel consists of four 200MHz segments identified as Channels &, B, Cand D
irs Figure 29 ard the multiplexing information reguired for decoding the PPDU for users scheduled in each of these
segments have to be mapped to 2 HE-SIG-B channels duplicated per 40MHz.

The 80MHz tone plan in B02.11ax is not aligned with 20MHz segments. We redefine channels A, B, €, and D as
segments in Figure 29 to refer to a granularity of subcarriers corresponding 1o a 242 tones Rls — and can signal RU
arrangements for smaller RU sizes when concatenated span the same space as the 242 tone RUs. The RU
arrangement information and the per-user allocation information for segments A, 8, Cand D are mapped to the bwo
HE-SIZ-B channels as follows:

s The Common part for HE-SIG-B channel 1 consists of common information for segments & and C — identify
the) RUl arrangement up to a granudarity of 242 tone RUs in the said segments and the MU-MIMO resources
as well as the number of users {if necessary). The common information for both segments A and C are
encaded together us mg a convohitional code. The per-user alfocation information follow where the first the
per-user =r‘-i'a}rn‘m+ on for the users whose data are in the RUs of segment A are first fransmitted followed by
the per-user s*:ferrs‘at on for the users whose data are in the Rus of segment € The number of per-user
alfocations are derived from the common information for each segment and i.% & total numiber of per-user
aiiamism\ is the sum of the alfocations derived from the a?rangumn for each segment,

= The Common part for HE-SIG-B channel 2 consists of commoen information for segments B and D~ identify
the RU arrangement up to a granularity of 242 tone RUs in the sal J gments and the MU-MIMO resources
as well as the number of users {if necessary). The common mom:ai fon for both segments B and D are
encaded together using a m*waiu*sf nal code. The per-user alfocation information follow where the first the
per-user information for the users whose data are in the RUs of segment 8 are first transmitted followed by
the per-user information for the users whose data are in the RUs of segment D, The number of per-user
alfocations are derived from the common information for each segment and the total numiber of per-user
alfocations is the sum of the alfocations derived from the arrangement for « &di sesment

s The caommon part of one of the HE-SIG-B channels also contains 1 bit indicated if the central 26 tone RU s
assigned to an user or not, By cornvention, this indication may be carried in HE-SIG-B channel-1 after the RU
arrangements for segments are indicated and encoded together, I the bit is set to 1, the per-user allocation
information is carried at the end, after the user allocations for sepments A& Care ¢ arrsui

The RU index of the data PPDU for a user is computad by the position of the allocation in the segment based on the
Ri} arrangement indicated minus the offset determined by the number of wser allocations for t% e segments which
are carried before the current segment in the same HE-SIG-B channel. For the first segment indicated, no offset
needs to be computed

L
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Figure 29 HE-SIG-B multiplexing for 80MHz consists of 2 channels , each carrying independent information per 20MHz
HE-SIG-B channel
Duplication of HE-SHG-B channels keeps control information in the 20MHz sub-carriers closest to the dats sub-

]

arriers. Allows MOS adaptation for eac h HE-SIG-B channel relative to the data MCS used, subject 1o reisahiiity

anstraints,

3

o~

"}

The efficiency of the HE-SIG-B multiplexing illustrated in Figure 29 does not scale well when large RU sizes {(>242 ton
Rif} are used and needs to be maodified. To llustrate the inefficiency, see Figure 30: I 80MHz wants to signal [484 ”6

484] arrangament, keeping the mapping granularity at 242 tones segments and two segments per HE-SIG-B channel
resislts in a fully duplicated HE-SIG-B {same information is carried in every HE-SIG-B channel.

. : HE-SIG-B

Channel

HE-SIG-B

Channel 2

n
“

Figure 30 Issues with keeping one format for HE-SIG-B transmissions - signaling larger RUSs result in unnecessary
duplication

An efficient approach is o keep the information distingt in the two HE-SIG-B channels by making the mapping
granularity flexible and tunad to the RU size being signaled. In an embodiment of ths current invention, the
=hfarma‘?ss-ﬂ for larger RUs sizes is carried by signaling the mapping granularity per HE-SIG-B channel and is based an
the RU size used in the MU-PPDU. A redefined segment definition is carriad prior to .h& HEmE‘\;vB decoding. For
examg@ie; when 2 484 tone HUs are signaled in MU PPDU, the RU arrangement in 80MHz is {484 26 484, then the
cammaon information for channels A & B, that span the 484 tone RU is "arrisrj in HE-SIG-8 fhanswi 1 white the
commaon information for channels € & § that span the 484 tone RU s carried in HE-SIG-B channel 2 as shown in
Figure 31. The per-user allocation information follow the commaon portion indication and carry the information for
users scheduled in the segment for gach channels. HE-SIG-B channels duplicated par 40MHz, The commaon part
of one of the HE-SIG-B channels also contains 1 bt indicated if the mr:i*rai 26 tone RU is assigned to an user or not,
By caonvention, this indication may be carried in HE-SIG-B channel-1 after the RU rraqg@nmts for the 484 tone Ridis

indizated and sncoded together, i the bit is set to 1, the per-user allocation information is carried at the end, after
the user allocations assigned to the 484 tons RU are carried.

25



Docket No: WD-201505-012-1-
USo
Provisional Patent Application

HE-SIG-B
{Channel 1
HE-SIG-R
Channel 2

R

Figui’e 31 A simple multiplexing scheme where larger RUs are signaled in their respective channels.

G 1

Since the amount of common information changes batween casas Hlustrated in Figure 29 and Figure 31, The

B i

receivers need to know the number of bits in the comman information to prepare for decoding and therefore

this

The

change in the common information would have to be signaled prior to HE-SIG-B decoding.

following describe the cases that benefit from redefining segment manping granularity. For each of the cases

ERY

described below, the amount of the common information in each HE-SIG-B channel changes and would have to

be signaled before the HE-SIG-B decoding.

&

One 484 tone RU appears in a 80MHz PPDU resulls in two different mapping strategies for the HE-SIG-B
channels as shown in Figure 32,

HE-SIG-B

Chianel

HE-SIG-B

Chavasd 2

HE-SIG-B
haraed 1
HE-SIG-B
Channef 2

Figure 32 HE-SIG-B multiplexing in 80MHz when only one of the channels has a 484 tone RU multiplexed

&

Two 484 tone RU appears in 3 S0MHz PPDU results in a compact commaon information segement for the HE-
S1G-8 channels as shown in Figure 33.

HE-SIG-B

HE-SIGB
- -

Channed 2

o

Figure 33 HE-SIG-B multiplexing when both channels indicate 40MHz transmissions

2

One 886 tone RU appears in a 80MHz PPDU  results in only one HE-SIG-B channel carrying an unigue
information indicating an RU arrangemaent of 226 tones and the per-user signaling information following the
RU arrangements. This information can be carried in HE-SIG-8 channel 1 and duplicated in HE-SIG-8 channel
2 as showwn in Figure 34 and duplicated in the other 40MHz e, HE-SIG-B is duplicated completaly over the
E0MHz. The other choice, also llustrated in Figure 34, is to transmit information only in HE-SIG-B channel 1
and not transrmitting anything in HE-SIG-B channel 2. Over 80MHz, HE-SIG-B is duplicated in only channels A
& Cwhile channels B & D are teft empty. Only one of the two options helow needs to be supported.
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Figure 34 HE-SIG-B multiplexing when a single 996 tone RU is indicated for SOMHz
Multiplexing options for HE-SIG-B to support load balancing:

There are scenarios where allowing flexibility in mapping the 4 segment decoding information to HE-SG-B channeal
could allow for g balanced load bebwesn the btwo HE-SIG-B channels and reduce the need for padding in either
channels for symbaol alignment. This need is Hikely to be acute when asymmetric distribution of RUs and users
hetween the segments A, B, C & D occur. The Hexibility depends on the segrent size considered and the associated
mapping rule.

in an embaodiment of the current invention, the following cases of mapping to the segments to HE-SIG-B channels are
also supported by an indication before the STA begins decoding HE-SIG-B.
s 1 case when four 242 tone RU segments are indicated for 8@-\%,

—  Common and per-user information for Segments A & B are multiplexed together in HE-SIG-B channel
#1 and commuon and per-user information for segments C&D can be multiplexed together in HE-SIG-B
channel #2 as shown in Figure 35, This re-arrangement of segmeant mapping is swm in addition

to the mapping described in Figure 29, During scheduling, depending on the RU arra 3geme*:t and
the number of U in each segment, the AP can decide the option that minimizes the padding
overhead in esthv ?n, S1G-8 channe! for symbotl alignment.

Lf

o

Lonumon Hing
FL{ban

HEAN

{Commas furmation
S

voreeeed

Figure 35 HE-SIG-B multiplexing that supports load balancing when multiple RUs are indicated.
= When 1484 tone BU segment is indicated Tfor 8OMHMz, we can consider signaling how the common
information are multiplexed.
2 additional cases to the ones llustrated in Figure 32.
= Different combinations of the segments to HE-SIG-B channe!l mapping, For sxample: The channels 4, B, Care
apped o HE-SIG-B Channel 1 while [ is mapped to HE-SIG-B Channsl 2.
»  Non-contiguous channel bonding support when no preamble and data is transmitted in at least one 20MHz
secondary channal,

HE-SIG-B Muiltiplexing Format Field

Two reasons necessitate indicating a multiplexing format prior to HE-SIG-B decoding
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s Efficient signaling when larger RU sizes are used in a 8GMHz PPDU
U in either or both HE-SIG-8 channels

—  3rases with 484tone R

case with 996 tone RU in HE; AG-B channel

four 242 tone segments are to be signaled with asymmetric user distribution in each

where at least one 484 tone segment is to be signaled
- configurations of segments {o HE-SIG-8 channel mapping.

&

nary case shown in Figure 29, & cases change the multiplexing format and content in either

in an embodiment of the current invention, the HE-SIG-B Multiplexing Format Field indivates how information of the
4 segments are mapped to the two HE-SHG-B channels. The HE-SIG-B multiplexing format field i 3 bits for a 80MHz
PPDU and the value of the 2 bits indicates how the segments are mapped to the two HE-SIG-B channels. The HE-SIG-
8 multiplexing format field is carried in HE-SIG-A

HE-S81G-B
Chanaet §
HE-SIG-B
: HE-SIG-B
ain “hannet §
HE-S1G-B
“hannel 2
¥ B
Channet |
HE-S1G-B
Chanuel 2
HE-S1G-B
Channel 1
HE-SIG-B
Chaanet 2
HE-SIG-B
Channel |
o HE-SIG-B
Channel 2

Figure 36 HE-SIG-B Multiplexing Format Field indicating how the common information is arranged in HE-SIG-B
channels
In general, HE-SIG-B format field is made up of N bits that can be used to signal how common information is
arranged, padbalancing i supported and other optimizations including the lack of common irsfarmatim iy HE-SIG-B
for a MU-MIMQO PPDU over the full bandwidths - in which case, the number of users is indicated in HE-SIG-B format
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field to be carried in HE-SIG-A,

I an embodiment of the current invention, when 484 tone RU or larger size RU is scheduled in 80MHz PPDU, the
per-user allocation information is split equitably into the two HE-SIG-B channels. If a 484 tone RU is scheduled for

segments A and B and there are N users scheduled in the MU-PPDU, then each HE-SIG-B channel can contain up to
l Jper user allocation fields where the 1 to B

L +1 to N user allocations are carried in HE-SIG-B Channel 2. If a 484 tone RU is scheduled for segments B and C,

user allocation information is carried in HE-SIG-B Channel 1 and

there are N users scheduled in the MU-PPDU, then each HE-SIG-B channel can contain up to l J per-user allocation

\: N -
! +1 to N user allocations

fields where the 1 to} user allocation information is carried in HE-SIG-B Channel 2 and |

are carried in HE- SIG B Channel 1. When the per-user allocation field spills over the HE SIG-B channels, the user
allocation information for RU arrangement indicated in the common field of the HE-SIG-B channel is first carried
followed by per user allocation information that is distributed from the other channel.

Generally, for larger size RUs that span multiple HE-SIG-B channels, the per user allocation information for the users
scheduled in the RU is split equitably among the HE-SIG-B channels. For M HE-SIG-B channels and N users, l J users

are carried in every HE-SIG-B channel that the RU allocation spans with any extra users carried in the last channel.

Extending Multiplexing Support to 160MHz

In an embodiment of the current invention, eight 20MHz segments are mapped to 2 HE-SIG-B channels duplicated
per 40MHz for a MU PPDU that spans 160MHz as follows:
»  160MHz tone plan built as two concatenated 80MHz tone plans that is not aligned with 20MHz segments.
We redefine channels AL, B1, CL, D1, A2, B2, €2 and D7 as segments in Figure 36 to rafer to a granularity of
subcarriers corresponding to a 243 tones RUs — and can signal RU arrangements for smaller RU sizes when

concatenated span the same space as the 242 tone RUs. The Common part for HE-SIG-B channel 1 consists of
comimon information for segments A1, C1, A2 and 2 - identify the RU arrangement up 1o a granudarity of
)

42 rone Rus in the said segments and the MU-MIMO resources as well as the number of users {if
necessary),  The common information for segments A1, €1, A2 and (2 are encoded together using a
convohitional code. The per-user aliocation information follow where the first the per-user information for
the users whose data are in the RBUs of segment Al are first transmitted followed by the per-user information
for the users whose data are in the RUs of segment 1 and then by A2 and (2. The number of per-user
atbecations are derived from the cormmon information for each segment and the total number of per-user
allocations is the sum of the allocations derived from the arrangement for each segment,

s The Commuon part for HE-SIG-B channei 2 consists of cormmon information for segments B1, D1, B2, and 2

29



Docket No: WD-201505-012-1-
USo
Provisional Patent Application

identify the RU arrangement up to a granularity of 242 {one RUs in the said segments and the MU-MIMO
resources as well as the number of users :\s? necessary). The commuon information for both segments 81, D1,
B2, and D2 are encoded together using a convolutional code. The per-user allocation inforn s?sm fniiaw

where the first the per-user information fa.. J:a:: users whose data are in the RUs of segment 81 are first
transmitted followed by the per-user information for the users whose data are in the RUs of segmaent D1 and
thern by those of B2 and D2, The number of per-user allocations are derived from the common information
for each segment and the total number of per-user allocations is the sum of the aliocations derbved from the
arrangement for sach segment

s Two 26 tone RU ﬁgg.aie using 1 bit separately. By convention, one in HE-SIG-B channel-1 and the other in
HE-S1G-B channel-2. The common part in each of the HE-SIG-B s;hanneis alse contains 1 bit indicated if the
central 26 tone BU s assigned to an user or not. By conventian, i:h§< indication may be carried in HE-SIG-B

ot

channel-1 after the RU arrangaments for segments are indicated and encoded together. if the bitis setto 4,
the per-user allocation information is carried at the end, after th& user aliocations for other segments are
carried,

HE-SIG-B
Channet §
HE-81G-B
Channel 2

Flgure 37 Channel Structure and Duplication for Multiplexing control information in HE-SIG-B for 160MHz

Use of targer RUs of size greater than 242 tone RU results in inefficiencies similar 1o what we saw for 80MHz. An
efficient appreach s to keep the i-‘}f@“;'r-awm distinct in the two HE-SIG-B channels by making the mapping
graruarity flexible and tuned to the RU size being signaled. in an embodiment of the current invention, the
information for larger Ruls sizes is carried by signaling the mapping granularity per HE-SIG-B channe! and is based
on the BU size used in the MU-PPDLUL A redefined segment definition s carried prior to the HE-SIG-B decoding.
Giver the bandwidth size, there are 3 large number of multiplexing formats given the size - 25 different cases as
showr in Table 3 whose multiplexing format will have to bsﬁ signaled. ‘:_,___‘§_gg_r_a_§_§_g_;_‘_g__‘_}_;_ij _____ to indicate all multiplexing
formats in the HE-51G-B Multiplexing Format Flield In HE-SIG-A for 160MHz

Table 3 Cases for which the common information changes for HE-SIG-B channels when 160MHz BW is indicated
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T a3diony

2 484 fone RUs G casas
3883 tone RES dicases
4 484 tone RUs i case
T 9% tone RE 2ases
1996 jone RU and § 484 1oue Rik 4 cases
1096 tone Riband 2484 tong RIS Feases
2998 tone HUs 1 case
b 2xoNGtone BT s

it an embodiment of the current invention, the HE-SIG-B multiplexing format fleld is a fixed size irrespactive of the
bandwidth of the MU PPDU and s signaled in HE-SIG-A

in an embodiment of the current invention, the HE-SIG-B multiplexing format is derivad by the STA by blind decoding
the common information section with different size hypothesis. The common information section f0¥ e&m section
can have N sizes. The STA tries decoding code blocks corresponding 1o each sizes and only uses the rrnation for

which the CRC passes,

In an embodiment of the current invention, when non-contiguous channel bonding is indicated in HE-SIG-A, the edge
RUs of the channels adjacent to the channels being nulled don’t carry any information and no per STA information
fields are carried for those RUs. Even if the RU arrangement indicates the presence or use of an RU, the presence of
per-STA information fields is determined based on whether the non-contiguous channel bonding field is set to
indicate certain unused channels. For example, if one sec channel is unused, the primary channel adjacent to the
secondary channel as shown in Figure 38 will not use the edge RU. Depending on the arrangement, a 26 tone RU at
the edge may be unused or a 52 tone edge RU may be nulled. For different channels being nulled, the common
information containing the RU arrangement may not be carried. For those channels that carry data, common control
and per-user signaling fields are mapped to their respective HE-SIG-B channels as per the mapping rules. Different
types of channel bonding can be supported as shown in Figures 38, 39 and 40. Depending the nulling indicated in HE-
SIG-A, the RU arrangement for the channels that carry data indicates where the data are carried and the edge RUs
that need to be ignored as illustrated in the arrangement in Figure 41.
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Figure 38 RU nulling for non-contiguous channel bonding

Qe TONE PLAN

Figure 39 RU nulling (green) When a channel on the inside is nulled using non-contiguous channel bonding
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Figure 41 Processing at the STA to interpret RU arrangement when non-contiguous channel bonding is used.





