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Interpretation of a Motion to Adopt

A motion to approve this submission means that the editing instructions and any changed or added material are actioned in the TGax Draft.  This introduction is not part of the adopted material.

Editing instructions formatted like this are intended to be copied into the TGax Draft (i.e. they are instructions to the 802.11 editor on how to merge the text with the baseline documents).

TGax Editor: Editing instructions preceded by “TGax Editor” are instructions to the TGax editor to modify existing material in the TGax draft.  As a result of adopting the changes, the TGax editor will execute the instructions rather than copy them to the TGax Draft.
	CID
	Clause
	Page No.
	Comment
	Proposed Change
	Resolution

	12060
	28.3.10.7.2

	410.20
	In table 28-17, we only have 4 bits (B18-B21) in HE-SIG-A1 field to incated the total number of SIGB symbols. Howerver, the required SIG-B symbols will beyond 16 if it is modulated with low data rate, such MSC0 with DCM. So B18-B21 will bring false info to receiver.
	Modify HE-SIG-A to allow the number of SIG-B can be greater than 16.
	Revised 
Agree with the comment in principle. Proposed resolution accounts for suggested change such that the number of SIG-B symbols can be greater than 16.

TGax editor please make the changes as shown in 11-18/0162 r2

	13046
	28.3.10.7.2
	410.21
	In table 28-17, B18-B21 in HE-SIG-A1 field only provides 4 bits to indicate the number of SIGB OFDM symbols. That means the maximum of SIGB symbols is 16. However, the maximum required SIG B symbols is about 78 symbols if SIGB using MCS0 & DCM , 39 symbols if using MCS0 or MCS1 & DCM, 20 symbols if using MCS1 or MCS2 & DCM in 160MHz bandwidth. On the other hand, the maximun number STA scheduled over 80MHz or 160MHz if using lowest data rate for SIGB is only 12 under the condition of 16 the maximum SIGB symbols, significantly reducing the multi-user diversity introduced by OFDMA
	Please correct the bug to allow more STAs to be be scheduled in DL OFDMA or make the receiver know the HE-SIG-B boundary when lots of STAs are scheduled.
	Revised 

Agree with the comment in principle. Proposed resolution accounts for suggested change such that the number of SIG-B symboles can be greater than 16.

TGax editor please make the changes as shown in 11-18/0162 r2

	
	
	
	
	
	


Discussion: 
Issue:
HE-SIG-B contains 2 HE-SIG-B content channels, each of which has HE-SIG B common field and user specific field.  Based on the HE-SIG-B design in ax draft 2.0, the RU allocation field in the HE_SIG B common field per 20 MHz has 8 bits, CRC and tail fields have 10 bits, and user field has 21 bits. We assume each HE-SIG-B content channel has the same number of user fields for simplifying calculations, then the number of bits in HE-SIG-B is

8*N+a+10+X*21+ceil (X/2)*10

where N is number of 20MHz channels within one HE-SIG-B content channel, a is 1 or 0, depending on whether there is a central 26-tone RU indication in the HE-SIG-B common field, and X is the number of user fields contained in one HE-SIG-B content channel.

There are 4 bits in HE-SIG-A to indicate the number of HE-SIG-B symbols, such that the maximum number of HE-SIG-B can reach up to 16. A value of 16 OFDM symbols can accommodate 208 bits if MCS0 and DCM are applied for HE-SIG-B. Therefore, we obtain 

8*N+a+10+X*21+ceil (X/2)*10<=208

If we consider an 80 MHz or 160 MHz BW, then a=1 and N = 2 or 4, and after calculation we obtain X<=6. So we can infer that only up to 12 STAs are allowed to be scheduled over 80 MHz or 160 MHz bandwidth although dummy user fields are not considered. However, the number of 26-tone RUs for 80 MHz and 160 MHz BW is 37 and 74, respectively. The limitation of 12 scheduled STAs in total would significantly decrease the multi-user diversity benefit of OFDMA. Moreover, it meets a simlar problem even if DCM is not applied for the HE-SIG B field.

 Solution:  
Actually, all the factors which decide the required HE-SIG-B OFDM symbols are included in HE-SIG-B common field, such as N, a and X. Therefore, the receiver can obtain the number of HE-SIG-B OFDM symbols based on the received HE-SIG-B common field. However, the receiver needs to know when the HE-STF, which immediately follows HE-SIG-B field, begins (when AGC needs to be updated). Hence, it is not feasible to have the receiver calculate the number of HE-SIG-B symbols based on the HE-SIG-B common field when the number of HE-SIG-B symbols is small.
We propose to only change the meaning of value 15 in B18-B21. The value 15 in B18-B21 field when the HE-SIG-B compression field is 0 indicates that the number of OFDM symbols in the HE-SIG-B is greater than or equal to 16.
Complexity discussion

No extra hardware and software are required because the calculation based on the number of user fields is already implemented for DL full bandwidth MU-MIMO.
Use cases and Benefits
Conceptually, why would the standard place any limitation on the total number of the scheduled users in one OFDMA transmission? It is a product decision.

1) Overhead reduction and latency improvement
The general DL OFDMA Transmission procedure is shown in Fig. 1. If there is limitation on the scheduled users number, DL OFDMA Transmission procedures will be repeated at least twice. 
Hence the proposed solution will save about 156 us if the procedure shown in Fig. 1 repeats twice, including  Legacy preamble transmission time (20 us) + HE preamble transmission time (without HE-SIG User specific field, 48us) + 2*SIFS (32 us)+ UL OFDMA BA transmission time (MCS 0 and 32 bytes BA frame over 26 RU, 56us preamble portion + 341us Data portion (not contain service field and tail bits) ) with assumption of only 1 stream, 16 us 4x OFDM symbol  and 6 us HE-SIG-SIG common field; The proposed solution will save about 312 us if the procedure shown in Fig. 1  repeats three times.
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Fig.1 DL OFDMA Transmission procedure
The overhead reduction through the proposed change in one OFDMA transmission is NOT minor (cannot be ignored).

2) Avoid asymmetric issue for DL OFDMA and UL OFDMA transmission
In UL OFDMA transmission, we do not have any limitation on the scheduled users number as in DL OFDMA transmission. However, the general transmission procedure is symmetric as Fig.1, DL OFDMA transmission is followed by UL OFDMA Block Ack, and vice versa. 
Asymmetric Issue: If AP sends a trigger frame to solicit more than 12~20 users in one UL OFDMA transmission as shown in Fig. 2, it is impossible to respond with the DL OFDMA Block Ack immediately by the AP due to the 16 HE-SIG-B OFDM symbols limitation. However, it is specified in the 11ax Draft 2.0 that an AP shall send immediate response to the UL OFDMA PPDU.
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Fig.2 UL OFDMA Transmission procedure
The proposed change can avoid the asymmetric issue for DL OFDMA and UL OFDMA Transmission.
3) Support more connections in one OFDMA transmission and feasibility
An Enterprise AP is usually required to support a large number of connection in a dense network, however, the above-mentioned 11ax draft 2.0 limitation conflicts with the need of products.
The following texts demonstrate the feasibility for supporting multiple users in one OFDMA transmission by using low MCS where the number of users goes beyond the 16 HE-SIG-B symbols limitation.
Assume there is a 10 bytes payload, its MAC frame contains at least has 38 bytes, including the MAC header. If it is transmitted over a 26 tone RU by using MCS 0, the MAC frame transmission time is about 405us, much less than a typical TXOP time i.e., 3 ms. Even if it adopts MCS 10, the MAC frame transmission is not beyond the TXOP time. Hence, 26 tone RU is enough for a small packet. Note that small packets account for about 70% of the real traffic according to the 11ax simulation document.

The preamble transmission time is approximately 152 us with the assumption of only 1 stream and 25 HE-SIG-B OFDM symbols. If we consider the MAC efficiency, it is not recommend to put the small packet on 52-tone RU or larger RU.

4) Support dummy user fields in HE-SIG-B for unused RUs

Much of the OFDMA gain is a product of frequency selectivity. If AP schedules all the STAs to their best suitable RUs, it has large possibility to have a few unused RUs in 80MHz or 160MHz bandwidth, especially for small packets.  Unused RUs result in dummy user fields in HE-SIG-B, significantly increasing HE-SIG-B size as well.
If there is limitation on HE-SIG-B size, it will increase scheduling complexity (i.e., consider not only the best RU and MAC efficiency, but also the number of unused RUs) and reduce frequency selectivity gain because AP considers not only the best RU per user and RU size per packet, but also the number of unused RUs before DL OFDMA transmission.
5) Make multiplexing on spatial and frequency (OFDMA+MU-MIMO) feasible
One of the most important motivations of introducing Partial bandwidth MU-MIMO is to increase the number of connections. 8 users are supported over a 106 tone-RU instead of each user over 26-tone RU. It almost doubles the number of connections in a single transmission. However, 11ax Draft 2.0 has the limitation on the total number of scheduled users in one OFDMA tranmision.
For example, if an AP wants to schedule 8 MU-MIMO users over each 20MHz within an 80MHz bandwidth (32 users in total), this AP will meet difficulty in generating this DL OFDMA PPDU.

TGax Editor: Please change the subsection of 28.3.10.7.1 of 802.11ax draft 2.2 (CID 12060 and 13406):
28.3.10.7.2 Content

Table 28-18—HE-SIG-A field of an HE MU PPDU

	Two Parts of HE-SIG-A
	Bit
	Field
	Number of bits
	Description

	HE-SIG-A1
	…
	…
	…
	…

	
	B18-B21
	Number Of HE-SIG-B Symbols Or MU-MIMO Users
	4
	

Indicates the number of OFDM symbols in the HE-SIG-B field when the HE-SIG-B compression field is 0
     Set to the number of OFDM symbols in the HE-SIG-B field minus 1 if the number of OFDM symbols in the HE-SIG-B field is less than 16;
     Set to 15 to indicate that the number of OFDM symbols in the HE-SIG-B field is equal to 16 if Longer Than 16 HE SIG-B OFDM Symbols Support subfield of the HE Capabilities element transmitted by at least one recipient STA is 0;
     Set to 15 to indicate that the number of OFDM symbols in the HE-SIG-B field is greater than or equal to 16 if Longer Than 16 HE SIG-B OFDM Symbols Support subfield of the HE Capabilities element transmitted by all the recipient STAs are 1 and if the HE-SIG-B MCS is less than MCS 4. The exact number of OFDM symbols in the HE-SIG-B field is calculated based on the number of user fields in the HE-SIG-B content channel which is indicated by HE-SIG-B common field in this case.
Indicates the number of MU-MIMO users minus 1 when the HE-SIG-B compression field is 1 (#CID 12060 13406)


	
	…
	…
	…
	…


Tgax Editor: In Figure 9-589cl (HE PHY Capabilities Information field format) in the subsection of 9.4.2.237.3 of 802.11ax draft 2.2, replace, bit B74 ‘Reserved’ with ‘Longer than 16 HE SIG-B OFDM symbols support’.

TGax Editor: Please change the subsection of 9.4.2.237.3 of 802.11ax draft 2.2 (CID 12060 and 13406):
9.4.2.237.3 HE PHY Capabilities Information field 

The format of the HE PHY Capabilities Information field is defined in Figure 9-589cl (HE PHY Capabilities Information field format).
The subfields of the HE PHY Capabilities Information field are defined in Table 9-262aa (Subfields of the HE PHY Capabilities Information field).

Table 9-262z—Subfields of the HE MAC Capabilities Information field

	Subfield
	Definition
	Encoding

	…
	…
	…

	Midamble Rx 2x And 1x HE-LTF
	When the Doppler Rx subfield is 1, indicates support for receiving midambles with 2x HE-LTF, 1x HE-LTF in HE SU PPDU if the HE SU PPDU With 1x HE-LTF And 0.8 s GI subfield is set to 1, and 1x HE-LTF in HE ER SU PPDU if the HE ER SU PPDU With 1x HE-LTF And 0.8s GI subfield is set to 1.
	Set to 0 if not supported. 
Set to 1 if supported.

	Longer Than 16 HE SIG-B OFDM Symbols Support
	For a non-AP STA, indicates support for receiving DL HE MU PPDU where the number of HE SIG-B OFDM symbols is greater than 16. 
	Set to 0 if not supported.

Set to 1 if supported.
20 MHz only STA shall set to 0.


TGax Editor: Please add the following paragraph at the end of 27.5.1.1 (General) of 802.11ax draft 2.2 (CID 12060 and 13406):
An AP shall not transmit the HE MU PPDU where the number of HE SIG-B OFDM symbols is greater than 16 to the 20 MHz operating non-AP STA.
Abstract


This submission proposes resolutions of comments received from TGax LB230. (The proposed change is based on TGax Draft 2.2.)
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Revisions:


Rev 0: Initial version of the document.


Rev 1: Add the use case and benefits.
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