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Introduction
The Rel-18 WID for MIMO Evolution for Downlink and Uplink includes the following objectives:
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.

This document summarizes the company proposals of AI 9.1.4.1, and mainly focus on following issues:
· Single-DCI based STxMP PUSCH
· Tx schemes for single-DCI based STxMP PUSCH, including whether to support SFN
· DMRS port indication for SDM scheme
· SRS resource set configuration and TMPI indication for SDM scheme
· Layer combinations for SDM scheme
· 2 CWs for SDM scheme.
· PTRS indication for SDM scheme
· How to switch between SDM and other schemes.
· Multi-DCI based STxMP PUSCH 
· To support STxMP PUSCH in multi-DCI based system
· Supported PUSCH type in STxMP PUSCH+PUSCH
· Types of overlapping in time domain and frequency domain?
· SRS resource set configuration and TMPI indication for STxMP PUSCH transmission in multi-DCI system
· Configuration restriction for STxMP PUSCH+PUSCH
· STxMP PUCCH
· STxMP PUCCH in single-DCI based system
· STxMP PUCCH in multi-DCI based system



Proposals for Tuesday (10/18) GTW 
Proposal 1-7B: 
For the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme, down-select one from the followings:
· Alt1: Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Note: It is up to gNB implementation to configure SDM scheme of single-DCI based STxMP PUSCH or Rel-17 mTRP PUSCH TDM scheme or both of them in RRC. Dynamic switching between them is only when both schemes are configured in RRC.
· Alt2: Support RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme

Proposal 2-3: The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS whether/how to handle the PUSCH power adjustment when two PUSCHs are partially overlapped in time domain (Depending on RAN4’s input on Pcmax requirements).
· Note: No symbol-level power adjustment in the case of partially overlapping in time domain

Conclusion 1-4: Decision on support layer combinations {1+3} and {3+1} for SDM scheme or not to be made by RAN1#111.

Proposal 2-2 Multi-DCI based STxMP PUSCH+PUSCH transmission supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + CG-PUSCH other than Type 1 CG-PUSCH + Type 1 CG-PUSCH
· CG-PUSCH + DG-PUSCH
· (WA) Type 1 CG-PUSCH + Type 1 CG-PUSCH

Proposal 3-1: Support to specify SFN scheme for single-DCI based STxMP PUCCH
· One PUCCH resource can be indicated with two TCI states and the PUCCH resource is transmitted by applying two TCI states at the same time.
Single-DCI based STxMP PUSCH
Issue #1: Tx scheme for single-DCI based STxMP PUSCH
Summary
In RAN1#110 meeting, we reached the following: 
	Working assumption
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.
· FFS: FDM-A scheme
· FFS: FDM-B scheme
· FFS: SFN-based transmission scheme
For schemes other than SDM, final decision to support or not will be made in RAN1#110bis-e.


On pending issue is whether the SFN based transmission scheme shall be supported for single-DCI based STxMP PUSCH.
In the contributions, companies provided evaluation results on SFN based transmission scheme:
	Huawei/HiSilicon provide SLS results of SFN in [1]
· SLS results, throughput
· SFN vs panel selection:
	
	~10% RU 
	~20%RU
	~50%RU

	Total TRP
	23dBm
	26dBm
	23dBm
	26dBm
	23dBm
	26dBm

	Mean
	-7.47%
	1.63%
	-7.10%
	1.40%
	-15.40%
	2.00%

	5%-ile UE
	-24.7%
	0.2%
	-21.61%
	2.0%
	-29.16%
	10.05%

	50%-ile UE
	-5.84%
	2.20%
	-6.75%
	0.6%
	-14.76%
	0.72%

	95%-ile UE
	-3.44%
	0.23%
	-1.66%
	1.80%
	-6.82%
	0.51%




	OPPO provided the following SLS results for SFN with FTP RU 80% in [8]:
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	LG provided both SLS and LLS results for SFN scheme in [10]:
· SLS: throughput gain
· LLS: BLER
[image: ][image: ]
Figure 2. Average/edge UPT gain for RU=30%
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Figure 3. Average/edge UPT gain for RU=60%
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Figure 4. BLER performance for PUSCH


	NTT DOCOMO provided the LLS results of SFN in [22]:
· LLS: BLER performance SFN vs Rel-17 TDM scheme
[image: ]
Figure1. BLER performance of STxMP PUSCH SFN scheme at low code rate
[image: ]
Figure2. BLER performance of STxMP PUSCH SFN scheme at moderate code rate



FL Note, the evaluation results for SFN-bases scheme provided in tdocs can be summarized as:
· The SLS results of OPPO and LG showed significant throughput gain for Max Tx Power Option 1 (i.e., max TRP per UE) for various FTP loads.
· The SLS results of OPPO showed significant throughput gain for max Tx power option 2 (i.e., max TRP per panel) for high FTP load.
· The LLS results of LG showed that SFN can provide improve the BLER performance by ~3dB compared to baseline single-panel transmission.
· The LLS results of NTT DOCOMO showed that SFN scheme can provide similar or close BLER performance as TDM-based repetition.
· The SLS results of Huawei showed that SFN scheme can improve the system throughput with Max Tx power Option 2 but show throughput loss with Max Tx power Option 1.
Regarding whether to support SFN-based scheme for single-DCI based STxMP PUSCH, companies provided the following views in tdocs:
· Alt1: Support to specify SFN-based scheme for single-DCI based STxMP PUSCH
· Support: InterDigital, Spreadtrum, vivo, Ericsson, Lenovo, OPPO, Google, LG, CATT, Fujitsu, Intel, Xiaomi, MediaTek, Fraunhofer IIS, Fraunhofer HHI, Samsung, NTT DOCOMO, Qualcomm, Nokia
· Alt2: Do not support SFN-based scheme for single-DCI based STxMP PUSCH
· Support: Huawei/HiSilicon
The following companies also proposed to confirm the WA of supporting SDM scheme: 
· InterDigital, Spreadtrum, vivo, Ericsson, Lenovo, Google, CATT, Xiaomi, MediaTek, Fraunhofer IIS, Fraunhofer HHI, Samsung, NTT DOCOMO, Qualcomm, Nokia
Proposals for discussion
Per the decision at RAN1#110 meeting, we shall decide whether to support SFN-based scheme in RAN1#110bis-e meeting.  According views provided in the contributions, the majority of companies supports to specify SFN-based scheme and most of the SLS/LLS simulation results provided in contributions showed that the SFN can improve the system throughput for either Tx power option 1 or Tx power option 2, and also improve the BLER performance. Furthermore, as explained in contributions, the SFN-based scheme requires less specification effort and simple implementation but can improve the reliability, especially the cell-edge UEs.  Therefore, the moderator would like to propose to support the SFN-based scheme for single-DCI based STxMP PUSCH. Furthermore, many companies suggested to confirm the WA of supporting SDM. Some companies proposed to confirm the WA with clarifying that SDM with 1 CW. From the understanding of moderator, whether to support 2 CW is a separate pending issue. Thus, we do not need to include “with 1 CW” here.
Therefore, the following proposals are made: one to support SFN scheme and another one to confirm the WA. Companies are invited to provide views on whether the proposal can be supported, suggest modifications, or present additional aspects for the proposal.  The supporting shown in Tdocs are also listed under each proposal.
FL Proposal 1-1a Support SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18
Support: InterDigital, Spreadtrum, vivo, Ericsson, Lenovo, OPPO, Google, LG, CATT, Fujitsu, Intel, Xiaomi, MediaTek, Fraunhofer IIS, Fraunhofer HHI, Samsung, NTT DOCOMO, Qualcomm, Nokia

FL Proposal 1-1b Confirm the following working assumption:
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme

Support: InterDigital, Spreadtrum, vivo, Ericsson, Lenovo, Google, CATT, Xiaomi, MediaTek, Fraunhofer IIS, Fraunhofer HHI, Samsung, NTT DOCOMO, Qualcomm, Nokia
Companies’ views on proposals 1-1a and 1-1b: 
	Company 
	Support (Yes/No)
	Comments

	QC
	Yes
	We support both proposals, but suggest discussing them together (i.e., in one proposal). We share the same understanding as the moderator that SDM scheme here means “1 CW” irrespective of whether we explicitly mention it or not, and supporting 2 CWs is a separate issue.  

	Nokia/NSB
	Yes
	Support both FL’s proposals 1-1a and 1-1b

	InterDigital
	Yes
	Support both FL proposals. 

	Lenovo
	Yes
	Support both FL proposals and agree with FL that supporting 1 or 2 CWs is a separate issue.

	Google
	Yes
	

	NTT Docomo
	Yes
	Support both proposals 

	ZTE
	Yes with update
	Regarding SFN-based transmission scheme, we are wondering whether it assumes two PUSCH repetitions use same precoders/layers/DMRS port/RV/etc except beam indication? If so, it should be explicitly indicated in proposal 1-1a. Consequently, beam indication related enhancement should be discussed in AI 9.1.1.1.
FL Proposal 1-1a Support SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18
· Note: It is consensus in RAN1 that only per panel beam indication needs to be specified for this scheme.


Regarding SDM scheme, basically, it must fulfill the request in WID that reach higher UPT. As we elaborate in section 2.5, the motivation of supporting SDM scheme without 2 CWs will be very meaningless and doubtful when considering performance gain and NW deployment complexity. On the other hand, UE implementation complexity of supporting 2 CWs SDM scheme can be accommodated, support both 1 CW and 2 CWs for SDM scheme can be the way-forward to address the above issues.
FL Proposal 1-1b Confirm the following working assumption with the update below:
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme with both 1 CW and 2 CWs


	NEC
	Yes
	

	Mod2
	
	@ ZTE, 
· regarding the Proposal 1-1a: For SFN scheme, my understanding is that two PUSCH repetitions use same layers/DMRS ports/RVs, but the precoders could be different according to description in tdocs. Thus, your suggested sub-bullet is not needed.
· Regarding the proposal 1-1b: whether to supporting 2 CW is a separate issue, as it is captured in Issue#5. So suggest not to that update.

	Fujitsu
	Yes
	Support both proposals

	LG
	Yes
	@ZTE:
Regarding the Note suggested by ZTE, we don’t need such restriction and may further discuss the issue, if needed, after we agreed to support SFN. Also, we does not consider such restriction in evaluation and have no observation how much performance degradation is caused by such restriction as the same precoder and the same power control across the two panels. 

	Samsung
	Yes (with update)
	We support both proposals in general. 
For 1-1b, we can share same view as FL and QC. Supporting 2CWs is different issue. 
For 1-1a, our main preference is supporting SFN for sDCI based sTRP system as well as sDCI based mTRP system. Therefore, we suggest the following modification for 1-1a:
FL Proposal 1-1a Support SFN-based transmission scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18
· Note: The SFN scheme for single-DCI based sTRP system in Rel-18 is not precluded
· FFS: Definition of SFN based transmission with two panels and details (e.g. precoding, DMRS indication, …)


	MediaTek
	Yes
	Support both FL proposals.

	Spreadtrum
	Yes
	Support both FL’s proposals

	OPPO
	Yes
	Support both FL’s proposals. 

	Fraunhofer IIS/HHI
	Yes
	Support both proposals

	Xiaomi
	Yes
	Support both proposals

	Mod 3
	
	@Samsung: the definition of SFN-based transmission scheme was defined very clearly in the agreement made in RAN1#109 meeting:
	Agreement
For STxMP PUSCH in single-DCI based mTRP system, study and evaluate the following schemes for PUSCH:
· …
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· …




So FFS on definition of SFN-based is not needed. However, of course, the next step is to work on the detailed signaling design if it is agreed, which might be what is in your mind.

And regarding your term “single-DCI based sTRP system”, it is kind of confusing. If you mean the Rel-15/16 sTRP transmission scheme, then it is already supported in the spec and it is not what being discussed here. If you mean when the gNB can configure this scheme to a UE with 2 panels? My understanding is the gNB can configure it according to the implementation as long as the UE reports its UE capability of  multiple panels and supporting this scheme. In other word, The suggested Note seems not necessary

	Huawei, HISilicon
	No
	FL Proposal 1-1a:

We do not support Proposal 1-1a. We understand that supporting SFN for STxMP has a strong majority, however, very limited companies have actually investigated this scheme and, further, their corresponding results are mixed:

· SLS for SFN is performed by only 3 companies (OPPO, LGE, HW) and while OPPO and LGE observed average/cell-edge throughput gain, HW observed average/cell-edge throughput loss compared to the baseline panel switching.

· LLS for SFN is performed by only two companies (LGE, DCM) and while LGE shows a better BLER performance, DCM shows slightly worse performance compared to the baseline.

We also have some questions regarding some of the SLS results. We noticed that some of the SLS results show very significant average throughput gain for SFN which is primarily motivated to improve the reliability specially for the cell-edge UEs. For instance, OPPO’s results show 19% and 9% average throughput gain for SFN compared to the panel selection for UE power assumption 2 and 1, respectively. However, in OPPO’s t-doc to RAN1 110 (R1-2206268), the average throughput gain for SDM compared to the panel selection for UE power assumption 2 and 1 was 23% and 14%, respectively. This means that the average throughput gain of SDM over SFN is only 3% and 4.5% for UE power assumption 2 and 1, respectively. To us, this is a bit of a surprising result since the SDM primary motivation is to increase the average throughput. In other words, while SFN which is supposedly a reliability-improving scheme offers 19% average throughput gain compared to the baseline, SDM which is supposedly a throughput-improving scheme offers only 3% average throughput gain to SFN. 


FL Proposal 1-1b:

If all companies support changing the WA to an agreement, we can compromise for the sake of progress if the same structure as in WA is preserved. In other words, we can compromise to support the following: 

Proposal 1-1b (update 1): Support the following WA reached in RAN1 110: 

 Working assumption
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2} for single CW case. 
· FFS on layer combinations of {1+3} and {3+1} considering the performance gain, system/UE complexity, specification efforts, etc.
· FFS: the option of using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4). 
· This applies to SDM with 1 CW at least.

Alternatively, if a more compact Agreement is preferred, we are also OK with the following:

Proposal 1-1b (update 2):

For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2} at least for 1 CW case.


	
	
	

	Intel
	Yes
	Support both FL’s proposals.

	ZTE2
	
	We still doubt the necessity of supporting 1 CW only for SDM STxMP PUSCH very much. Base on our further input in section 2.5 (proposal of 2 CWs SDM), we can at most compromise to make 2 CWs SDM as UE optional.
FL Proposal 1-1b Confirm the following working assumption:
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme with both 1 CW and 2 CWs.
· 2 CWs SDM is UE optional.


	MediaTek
	Yes
	We are also fine to confirm the original WA

	CATT
	Yes
	Support both FL’s proposals 1-1a and 1-1b.

	vivo
	Support
	Support FL’s proposal. Also OK with Samsung’s modification.

	Samsung
	
	@FL: Thank you for sharing your view. 
For definition of SFN, you are right. Sorry for confusion. 
Our intention is this scheme can make the gNB configure sTRP transmission scheme to the UE with 2 panels explicitly. The gNB can indicate the pair of SRS resources which each SRS resource is for each panel toward one TRP and one TPMI across two panels (e.g. if # of ports in one SRS resource is 2 and a pair of two SRS resources are indicated, the TPMI for the pair can be [4 x  (layers)] matrix). The pair of SRS resources can be indicated based on SRS resource group which I explained in issue #3. In Rel-15/16, sTRP multi-panel transmission was only supported in spec-transparent manner. We think this explicit sTRP STx2P transmission can be beneficial for more flexible scheduling, e.g. gNB can schedule one of among mTRP STx2P, panel selection and sTRP STx2P explicitly.
For added note and FFS, okay without them for the current stage. However, when we specify details for SRS resource set configuration, we suggest to consider two SRS resource sets with SRS resource group as one alternative for explicit sTRP STx2P. 

	NTT Docomo
	Yes
	We would like to clarify a bit on our simulation results of SFN.
In the simulation, we compare BLER performance between SFN and Rel-17 TDM M-TRP repetition.
In the simulation, we assume same precoding is used for two panels. SFN shows similar BLER performance as TDM M-TRP repetition. And we think SFN has some benefit compared TDM M-TRP repetition. It is simpler (same precoding/RV), has lower latency, needs less control signaling overhead (one TPMI is indicated).

	Panasonic
	Yes
	Support proposals 1-1a and 1-1b.

	OPPO2
	Yes
	We would like to clarify our simulation of SFN scheme. SFN scheme improves the probability of successful transmission, especially for cell edge UEs. This significantly improves the throughput of cell edge UEs, which is shown in our results.

	Ericsson
	P1-1a: yes
P1-1b: no
	Proposal 1-1a: We think there is a benefit of SFN to facilitate single-layer transmission, but it is questionable if it’s in the WID scope: since it’s a new transmission scheme. (4-layer transmission already exists.)
Proposal 1-1b: We do not support confirming the WA as long as 2CW are in scope.

	Mod 4
	
	@Samsung: thanks for being flexible. 
@ZTE: as shown in the discussion, 2 CW is definitely another separate issue. 
@Ericsson: 2CW is separate and pending issue. Confirming the WA of SDM is does not mean the supporting of 2 CW.

@HW: as companies explained, SFN improves the reliability, especially cell-edge UE, and then the throughput is improved. 



Summary of Round 1
Regarding the FL proposal 1-1a, it has strong majority supporting and Huawei, HISilicon objects it. NTT DOCOMO and OPPO replied the HW’s comments on simulation result. From the understanding of moderator, the SLS results provided by companies does show the performance gain, especially to the cell-edge UE. 
Considering all the comments collected in round 1 and also the proposals in contribution, moderator would suggest to put Proposal 1-1a in email endorsement.
Regarding the proposal 1-1b: ZTE suggested to confirm the WA with including 2 CW but HW and Ericsson suggested to confirm the WA with 1 CW. From the understanding of moderator, whether to support 2 CW is really a separate issue and this confirming the WA does not mean to say anything for 2 CW.  To make that clear, a note would be added in the proposal for further discussion.

Proposals for Round 2 discussion
And the following is the updated proposal 1-1b
Updated Proposal 1-1b Confirm the following working assumption:
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
 Note: whether to support 2 CW for SDM scheme is a separate issue.
Comments on Updated Proposal 1-1b: 
	Company 
	Support (Yes/No)
	Comments

	QC
	Yes
	

	LG
	Yes
	

	NTT Docomo
	Yes
	

	Fujitsu
	Yes
	

	MediaTek
	Yes
	

	CATT
	Yes
	

	ZTE
	
	Thanks for FL further clarifying that 2 CWs for SDM scheme is separate issue of this WA. However, as companies mentioned that SDM scheme here without any statement/wording means 1 CW only, that cannot be acceptable to us according to our multiple rounds of elaborations in round 1. Again, we sincerely hope companies can understand infra vendor’s concern of practical MTRP deployment challenges as well as meaningful performance gain of 1 CW SDM when compared with 2 CW. In light of the above, we can compromise to:
Updated Proposal 1-1b Confirm the following working assumption:
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme with 1 CW and 2 CWs
· 2 CWs SDM is UE optional.

	OPPO
	Yes
	

	Xiaomi
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	For the note, does 2-CW SDM scheme include the SDM repetition scheme?

	Huawei, HiSilicon
	No
	The WA in  RAN1 110 is as follows:

Working assumption
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2} for single CW case. 
· FFS on layer combinations of {1+3} and {3+1} considering the performance gain, system/UE complexity, specification efforts, etc.
· FFS: the option of using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4). 
· This applies to SDM with 1 CW at least.

If all companies prefer to confirm the WA, we wont object if the same wording as the WA is used.
If FL insists to change the wording of WA (which, in our view, generally should be avoided unless there is a good reason which we fail to see in this case), we prefer to specifically mention that the support is only 1CW and 2CW is an FFS. We have difficulty understanding why it is avoided to mention that 1CW is supported and the 2CW is FFS. This is the common denominator that all companies can agree with and, to our understanding, the simplest and the clearest way to put it is as follows:  
Proposal: 
Support 1CW SDM scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18.
· FFS: Support for 2CW SDM scheme.



	Spreadtrum
	Yes
	Support the updated proposal and the codeword can be discussed in another issue.

	Nokia/NSB
	Yes
	

	Samsung
	Yes
	Support FL’s proposal. And HW’s one can be fine. 

	Lenovo
	Yes
	

	Mod
	
	@ZTE, again, 2 CW is separate issue and is already captured in Issue#5. 
@HW: actually the FL proposal does not change any WA wording.
	Working assumption
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.
· FFS: FDM-A scheme
· FFS: FDM-B scheme
· FFS: SFN-based transmission scheme
For schemes other than SDM, final decision to support or not will be made in RAN1#110bis-e.


The added note is to clarify one fact and to relax ZTE’s concern.





(Closed) Issue #2 : DMRS port indication for SDM scheme
Summary
RAN1#110 agreed to study a few aspects of DMRS port indication for SDM scheme. In the contributions, few issues were discussed and summarized as follows.
The first issue is whether to use one or two DCI fields to indicate the DMRS ports for two panels of SDM scheme. The views in the contributions are:
· Alt1: For SDM scheme, reuse the ‘Antenna Ports’ field in DCI to indicate DMRS ports for two panels and the sum of ranks of two panels is used to determine the value of DMRS port indication table.
· Supported by: Huawei/HiSilicon, InterDigital, ZTE, Spreadtrum, vivo, Ericsson, Lenovo, OPPO, CATT, Fujitsu,  Intel, Xiaomi, Sharp, Apple, Samsung, NTT DOCOMO, Qualcomm, Panasonic
· Alt2: Introduce a new DCI field for second antenna port indication
· Supported: Nokia
The second issue is whether the indicated DMRS ports shall be in different or same CDM groups? The views in the Tdocs are:
· Alt1: the DMRS ports of different panels must be in two different CDM groups
· Supported: Huawei/HiSilicon, Spreadtrum, Ericsson, OPPO, Intel, Sharp, MediaTek, Fraunhofer IIS, Fraunhofer HHI
· Alt2: the DMRS ports of different panels can be in same or different CDM groups, i.e., no restriction.
· Supported: ZTE, Lenovo, LG, CATT, Xiaomi(1st preference), Samsung, NTT DOCOMO, Qualcomm
The third issue is how to determine the partition the indicated DMRS ports among PUSCH layers/panels. The contributions presented the following Alts:
· Alt1: Two different CDM groups are indicated. The 1st and 2nd CDM group are associated with layers indicated by 1st and 2nd TPMI/SRI field/TCI state
· Supported: Intel, MediaTek, Fraunhofer IIS, Fraunhofer HHI
· Alt1-1: Two different CDM groups are indicated. Each CDM group is associated with layers indicated by one TPMI/SRI field. If the number of layers of two TPMI/SRI fields are different, CDM group is associated with the TPMI/SRI field with same number of layers. If number of layers of two TPMI/SRI fields are same, then 1st and 2nd TPMI/SRI field is associated with 1st and 2nd CDM group.
· Supported by: Huawei/HiSilicon
· Alt2: DMRS ports partition between two panels is based on the number of layers indicated by two TPMI fields for codebook-based PUSCH or two SRI fields for non-codebook based PUSCH
· Supported by: ZTE, Lenovo, LG, Xiaomi, Samsung, NTT DOCOMO
· Alt2-1: DMRS ports partition between two panels is based on the number of layers of each panel and also the value of ‘SRS resource value indicator’ field.
· Supported by: Qualcomm

FL Note:  About the first issue, Alt1 has super majority. Thus moderator suggest to move forward with Alt1, i.e.. resuse the existing ‘Antenna Ports’ to indicate DMRS ports for both panels.
About the second issue, either Alt1 and Alt2 has good number of supporting company so far. The solution for the third issue would highly depend on the conclusion of the second issue. Since the following up design depends on the decision of the second issue, thus moderator would like to suggest to complete the down-selection in RAN1#110bis meeting.
Proposal for discussion
Based on the companies’ views, the following proposal is made:
FL Proposal 1-2
· Reuse the DCI field ‘Antenna Ports’ in DCI format 0_1 and 0_2 to indicate DMRS ports for SDM scheme of single-DCI based STxMP PUSCH:
· The total numbers of layers, L, indicated by two TPMI fields of CB PUSCH or two SRI fields of NCB PUSCH is used to determine the DMRS port indication table.
· L1 of the indicated DMRS ports are associated with the L1 PUSCH layers of thewhich are indicated by the first panel TPMI field for CB PUSCH or the first SRI field for NCB PUSCH and the rest L- L1 of the indicated DMRS ports are associated with the L-L1 PUSCH layers of which are indicated by the second panelsTPMI field for CB PUSCH or the second SRI field for the NCB PUSCH.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.
· Down-select one from the following two Alts for SDM scheme in RAN1#110bis-e1:
· Alt1: the DMRS ports of associated with two panels TPMI/SRI fields must be in different CDM groups.
· Supported: Huawei/HiSilicon, Spreadtrum, , OPPO, Intel, Sharp, MediaTek, Fraunhofer IIS, Fraunhofer HHI, Fujitsu, vivo,
· Alt2: the DMRS ports of associated with two panels TPMI/SRI fields can be in same or different CDM groups.
· Supported: ZTE, Lenovo, LG, CATT, Xiaomi(1st preference), Samsung, NTT DOCOMO, Qualcomm, InterDigital, Apple, Ericsson
· 
Companies’ views: 
	Company Name
	Support Proposal 1-2 (Yes/No)
	Comments

	QC
	Yes
	Instead of “first” / “second” panel, we suggest to say “one” / “the other” panel to avoid confusion on whether this sub-bullet already implies the exact partitioning. Also, we prefer to say “SRS resource set” instead of “panel” assuming that proposal 1-3 will be agreed because “panel” is not defined so far, and may not be used in specification.
· L1 of the indicated DMRS ports are associated with the L1 PUSCH layers of the first panel associated with one SRS resource set and the rest L- L1 of the indicated DMRS ports are associated with the L-L1 PUSCH layers of the second panels associated with the other SRS resource set.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.
Regarding Alt1 versus Alt2, we do not see any reason why the restriction in Alt1 is needed for UL. It should be up to gNB scheduling and as long as it is possible for gNB to schedule either within same or across different CDM groups, there is no need to define a restriction in the specification. Our understanding is that, this is really related to rank combination 1+2:
· All existing DMRS ports for rank 3 can be used for 1+2
· If different CDM groups are needed, one option is to use the existing entry {0,1,2} but with SRS resource set indicator set “11” such that {0,1} are mapped to the second SRS resource set. Another option is to define a new DMRS port entry {0,2,3}, but we do not prefer this option because new DMRS tables would need to be introduced which is completely avoidable based on the existing signaling described above.

	Nokia/NSB
	No
	First main bullet: Not support. Alt-2 provides very straightforward way to support antenna port indication with STxMP without need to specifying  any extra DMRS antenna port partitioning between indicated layers and antenna panels. For Alt-2 there is always one-to-one mapping between the first antenna port and first TPMI/SRI as well as the second antenna port and second TPMI/SRI. Moreover,  the number of potential antenna port combinations  associated with one antenna indication is restricted leading to limited MU STxMP operation in uplink.  By introducing the second antenna port indication, this problem can be avoided.

	InterDigital
	Yes
	For the second bullet of FL Proposal 1-2, we don’t see a need for CDM group restriction, so our preference is on Alt2. 

	Lenovo
	Yes
	For the association between DMRS port(s) and PUSCH layer(s), we prefer the following updated wording to align with the 1st sub-bullet of the 1st main bullet:
· L1 of the indicated DMRS ports are associated with the L1 PUSCH layers of the first panel corresponding to the first TPMI for CB PUSCH or the first SRI for the NCB PUSCH and the rest L- L1 of the indicated DMRS ports are associated with the L-L1 PUSCH layers of the second panels corresponding to the second TPMI for CB PUSCH or the second SRI for the NCB PUSCH.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.

	Google
	Yes with modification
	We think the second sub-bullet should be revised as follows:

· L1 of the indicated DMRS ports are associated with the L1 PUSCH layers of the first panelfirst indicated TPMI/SRI and the rest L- L1 of the indicated DMRS ports are associated with the L-L1 PUSCH layers of the second indicated TPMI/SRIpanels.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.


	NTT Docomo
	Yes
	

	ZTE
	Yes with update
	If two separated TPMI/SRI fields are supported in proposal 1-3, doesn’t it mean L1 and L2 (where L1+L2 = L) can be indicated by the first and second TPMI/fields directly?

Regarding DMRS ports across two panels should be in the same or different CDM group, it is relative to Tx-chain/ panel architecture and the synchronization assumption of DMRS ports across two panels. If DMRS ports across two panels could be ideal synchronized, DMRS ports of two panels can be allocated in the same CDM group. Otherwise, 
DMRS ports of two panels should be in different CDM group. Hence Alt 2 should be supported.
FL Proposal 1-2
· Reuse the DCI field ‘Antenna Ports’ in DCI format 0_1 and 0_2 to indicate DMRS ports for SDM scheme of single-DCI based STxMP PUSCH:
· The total numbers of layers, L, indicated by two TPMI of CB PUSCH or two SRI fields of NCB PUSCH is used to determine the DMRS port indication table.
· L1 of the indicated DMRS ports are associated with the L1 PUSCH layers of the first panelwhich indicated by the first TPMI/SRI field and the rest L- L1L2 of the indicated DMRS ports are associated with the L-L1L2 PUSCH layers of the second panelswhich indicated by the second TPMI/SRI field.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.
· Down-select one from the following two Alts for SDM scheme in RAN1#110bis-e:
· Alt1: the DMRS ports of two panels must be in different CDM groups.
· Alt2: the DMRS ports of two panels can be in same or different CDM groups.


	NEC
	Yes
	

	Mod2
	
	(1) Made wording change according to the comments by Qualcomm, Lenovo, google and ZTE
(2) For Alt1 vs Alt 2: the list of supporting companies based on the proposal in Tdocs are also copied into the proposal. The supporting Alt 2 of interdigital is also added there. Please add your position on Alt 1 vs Alt 2

	Fujitsu
	Yes
	Alt1 is slightly preferred for ease of distinguish DMRS ports.

	LG
	Yes
	

	Samsung
	Yes 
	We prefer FL’s original proposal. We didn’t make details for TPMI/SRI fields and SRS resource set for STx2P. Therefore, more generally, we tried to specify relation between DMRS and panel first. Then, we can make relation between panel and SRS resource set (and TPMI/SRI) later.
Among two alternatives for the CDM group, we don’t think the CDM group restriction is needed for UL transmission other than DL reception. We prefer Alt2 (the DMRS ports of two panels can be in same or different CDM groups).

	MediaTek
	Yes
	For the second issue, we are fine with both alternatives. We think Alt 1 could provide better performance by reducing the interference between two TRPs but have less scheduling flexibility, and Alt 2 has better scheduling flexibility, but inter-TRP interference may be not handled well under some uncertainty on channel estimation. 

	Spreadtrum
	Yes
	Support FL Proposal 1-2.
Support Alt 1 to ensure the orthogonality between DMRS ports in different CDM groups from two panels.
If the DMRS ports of two panels are in same CDM group, the PUSCH decoding performance at TRP may deteriorate due to the different propagation delay and phase shift towards two TRPs.

	OPPO
	Yes
	Support FL’s proposal. We prefer Alt 1 to reduce the interference between two panels.

	Fraunhofer IIS/HHI
	Yes
	Support. Just a minor change. The language of the proposal goes from two TPMI/SRI fields to two panels. It can be maintained uniform throughout the proposal. For the two alternatives, the proposal can state “the DMRS ports associated with the two TPMI/SRI fields” instead of “the DMRS ports of two panels”

	Xiaomi
	Yes
	For the second bullet of the proposal, we support Alt.2 as the scheduling flexibility can be maintained for the UL. 

	Apple
	Yes
	Support Alt2

	Mod3
	
	Made wording change in Alt1 and Alt2 according to the comments by Fraunhofer IIS/HHI
The supporting companies list was updated by adding MediaTek, Apple to Alt2 according to the comments.

	Huawei, HiSilicon
	Yes with update.
	First, we prefer the original form of L1 and L-L1 in the second sub-bullet which makes the first sub-bullet and second sub-bullet aligned. If companies prefer L1 and L2 in the second sub-bullet, it should be clarified L1+L2=L. Also, to be more accurate,  we prefer to replace  “first (second) TPMI/SRI field” with “first (second) TPMI field for CB PUSCH or the first (second) SRI field for the NCB PUSCH” as CB PUSCH also includes the SRI field. 

Finally, we prefer Alt1 due to the following reasons:
1) Alt 1 is more aligned with Rel-16 mTRP PDSCH wherein antenna ports correspond to two CDM groups each of which associated with a different TCI state (TRP).
2) Alt 1 can simplify the layer association with each panel. For instance, for both layer combinations 1+2 and 2+1, gNB can indicate DMRS entry {0,1,2} to UE as {0,1} and {2} are associated with two different CDM groups. Then, if the indicated layers in the first TPMI/SRI is 1 and the indicated layers in the second TPMI/SRI is 2, the DMRS entry {0,1,2} would correspond to 1+2 layer combination and if the indicated layers in the first TPMI/SRI is 2 and the indicated layers in the second TPMI/SRI is 1, the DMRS entry {0,1,2} would correspond to 2+1 layer combination 
3) As some companies mentioned above, the delay between different TRPs and UE are different which results in different phase shifts at the TRPs. If, for instance, DMRS port {0} is transmitted to TRP 0 and DMRS port {1} is transmitted to TRP 1, then the orthogonality may be destroyed between them because of the phase shift. On the other hand, DMRS port {0,1} and DMRS port {2} belong to different CDM groups and are orthogonal by frequency division. In this case, the phase shift has no adverse effect on the orthogonality.

FL Proposal 1-2 (updated)
· Reuse the DCI field ‘Antenna Ports’ in DCI format 0_1 and 0_2 to indicate DMRS ports for SDM scheme of single-DCI based STxMP PUSCH:
· The total numbers of layers, L, indicated by two TPMI of CB PUSCH or two SRI fields of NCB PUSCH is used to determine the DMRS port indication table.
· L1 of the indicated DMRS ports are associated with the L1 PUSCH layers of the first panelwhich indicated by the first TPMI/SRI field TPMI field for CB PUSCH or the first SRI field for the NCB PUSCH and the rest L- L1L2 L-L1 of the indicated DMRS ports are associated with the L-L1L2 L-L1 PUSCH layers of the second panelswhich indicated by the second TPMI/SRI field second TPMI field for CB PUSCH or the second SRI field for the NCB PUSCH.
· FFS: how to partition the indicated DMRS ports among the PUSCH layers.
· Down-select one from the following two Alts for SDM scheme in RAN1#110bis-e:
· Alt1: the DMRS ports of associated with two panels TPMI/SRI fields must be in different CDM groups.
· Alt2: the DMRS ports of associated with two panels TPMI/SRI fields can be in same or different CDM groups.




	Intel
	Yes
	We support Alt1.

	CATT
	Yes
	Alt2 is supported. It is not necessary for restricting CDM groups. The flexibility is deteriorated with such restriction.

	Vivo
	Yes
	Support the first bullet.
For the second bullet, we support Alt1.
Cross-link interference of two panels is I. To ensure the performance of channel estimation, DMRS ports for two panels should be from two CDM groups.

	Panasonic
	Yes
	For down-selection, further discussion is needed. But we can progress by agreeing to this proposal first. 

	Ericsson
	Yes
	Let’s try to agree on the first part first.
We updated our preference on Alt1/Alt2.

	Mod 4
	
	Thanks for the comments.
The proposal  is updated as follows:
· Wording change according to HW’s comments.
· Change the “110bis-e” to “111” it looks like we cannot done the down-selection in this meeting.



(Closed)Issue #3: SRS resource configuration and TPMI/SRI indication for SDM scheme
Summary
It was agreed to study the enhancement of SRS resource set configuration, SRI/TPMI indication for single-DCI based STxMP PUSCH in RAN1#109 meeting. For SDM scheme, contribution provides the following proposals.
Regarding the configuration of SRS resource sets for SDM scheme, companies (Huawei/HiSilicon, ZTE, Spreadtrum, vivo, Ericsson, OPPO, Google, LG, Intel, Xiaomi, Sharp, MediaTek, Apple, Samsung, NTT DOCOMO, Qualcomm, Panasonic) proposed to configure two SRS resource sets for either codebook-based PUSCH or non-codebook based PUSCH of SDM scheme. 
Xiaomi also suggested that these two SRS resource sets could have different number of SRS resources and different maximum numbers of SRS ports. 
Regarding the precoder and rank indication for SDM scheme, companies (ZTE, Spreadtrum, vivo, Ericsson, OPPO, Google, LG, CATT, Fujitsu, Intel, NEC, Xiaomi, Sharp, MediaTek, Apple, Samsung, NTT DOCOMO, Qualcomm) propose to use the two TPMI/SRI fields to separately indicate the precoder and/or ranks of each panel separately. In other word, the DCI indicates two TPMI/SRI fields for codebook based PUSCH and each TPMI field indicates the precoder(s) and rank for one panel separately. And The DCI indicates two SRI fields for non-codebook based PUSCH and each SRI field indicates SRI for one panel separately.
Vivo suggested to clarify that the rank combination indicated by two TPMI or SRI fields shall be one of the supported layer combinations. Companies also suggested to configure max rank per SRS resource set or TPMI field. 
Proposal for discussion
Based on the companies’ views, the following proposal is made:
FL Proposal 1-3: For SDM scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for codebook based or non-codebook based for CB or NCB.
· FFS: These two SRS resource sets can have different number of SRS resources for codebook-based or non-codebook based.
· FFS: These two SRS resource sets can have different maximum number of SRS ports for codebook-based.
· For codebook-based PUSCH, DCI indicates two TMPI fields and each TPMI field indicates the precoder and rank for each panel SRS resource set separately, which is interpreted as in Rel-15.
· Each TMPI field is configured with a maxRank separately.
· For non-codebook based PUSCH and codebook-based PUSCH, DCI indicates two SRI fields and each SRI field indicates SRI for each panel SRS resource set separately.
· FFS: whether and how to associate each SRS resource set with a maxRank that might be different from the legacy maxRank, which is used to interpret the TPMI fields (for CB) or SRI fields (for NCB) in case of SDM scheme.
· FFS: how to indicate the precoder/rank/SRI for Type 1 CG-PUSCH
· The numbers of layers indicated by the two TPMI or SRI fields shall be one of the supported layer combinations for SDM scheme

Companies’ views: 
	Company Name
	Support Proposal 1-3 (Yes/No)
	Comments

	QC
	
	We have the following comments:
· Two SRIs are needed also for CB-based
· maxRank is also needed to determine SRI fields interpretation for NCB-based. Also, whether one maxRank (common to both SRS resource sets but per SRS resource set, i.e., different than legacy maxRank) or two maxRank (separately configured for each of the two SRS resource sets) should be further discussed. We think one maxRank (other than legacy maxRank) may be enough
· While indicated number of ports (CB) and resources (NCB) can be different, we are not sure if the configured number of SRS resources / configured max number of ports need to be different. More clarifications on the use case are needed.
FL Proposal 1-3: For SDM scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for codebook based or non-codebook based.
· FFS: These two SRS resource sets can have different number of SRS resources.
· FFS: These two SRS resource sets can have different maximum number of SRS ports.
· For codebook-based PUSCH, DCI indicates two TMPI fields and each TPMI field indicates the precoder and rank for each panel separately.
· Each TMPI field is configured with a maxRank separately.
· For non-codebook based PUSCH and codebook-based PUSCH, DCI indicates two SRI fields and each SRI field indicates SRI for each panel separately.
· Each SRS resource set is associated with a configured maxRank=1 or 2 different than the legacy maxRank, which is used to interpret the TPMI fields (for CB) or SRI fields (for NCB) in case of SDM scheme
· FFS: Whether one configured maxRank common to the two SRS resource sets is enough or not.
· The numbers of layers indicated by the two TPMI or SRI fields shall be one of the supported layer combinations for SDM scheme


	Nokia/NSB
	Yes (with updates)
	First main bullet: Support 
Second main bullet: We support that DCI indicates two TPMI fields and each TPMI field indicates the precoder and rank for each panel separately. However, it is difficult to justify the need for TPMI specific maxRank.  For us, maxRank configured in PUSCH-Config can be used as the total maxRank such that the sum of  layers associated with TPMI/SRIs is limited by maxRank. For S-DCI,  all PUSCH transmissions and related layers are scheduled in the centralized manner.
Third main bullet: Support
Fourth main bullet: Support

	InterDigital
	Yes
	A single maxRank seems to be sufficient to indicate the layers across TPMI/SRIs. 

	Lenovo 
	
	1. For the first bullet on SRS resource set configuration: do not support both sub-bullets.
2. For the second bullet: separate SRI fields are also needed for CB PUSCH.
3. For the third and the fourth bullet: support.

	Google
	Yes with modification
	We suggest the following revision:
· Configure two SRS resource sets for codebook based or non-codebook based.
· These two SRS resource sets can have different number of SRS resources.
· These two SRS resource sets can have different maximum number of SRS ports.
· For codebook-based PUSCH, DCI indicates two TMPI fields and each TPMI field indicates the precoder and rank for each panel separately.
· FFS: Each TMPI field is configured with a maxRank separately.
· For non-codebook based PUSCH, DCI indicates two SRI fields and each SRI field indicates SRI for each panel separately.
· The numbers of layers indicated by the two TPMI or SRI fields shall be one of the supportedaligned with the layer combinations indicated by the DMRS antenna ports for SDM scheme


	NTT Docomo
	Yes with updates
	We share same view with QC that maxRank is also needed for NCB, and share same view with QC/Nokia that how to configure maxRank can be further discussed.

	ZTE
	Yes with update
	Support proposal 1-3 in principle.
Basically, two separated TPMI/SRI fields should be used for both CB PUSCH and NCB PUSCH.
Regarding two SRS resource sets, independent parameter configuration (i.e., SRS resource #and SRS ports#) should be supported especially for dynamic switching between single-panel PUSCH and STxMP PUSCH. More precisely, single-panel mode via panel-1 and panel-2 can be performed with different parameter configuration.
Furthermore, considering the supported maximum layer of single-panel mode can be larger than that of STxMP mode, (e.g., 2-layer PUSCH from panel-1 in STxMP SDM mode can switch to 4-layer PUSCH from panel-1 in single-panel mode), hence it is reasonable to support each TPMI field is configured with a maxRank separately for CB scheme and each SRS resource set configured with a NSRS separately for NCB scheme. Where, maxRank and NSRS should be the same to legacy. Otherwise, the two RRC parameters need to be reconfigured for single-panel mode, that deviates from the design of dynamic switching between single-panel mode and STxMP mode.
In addition, it is better to use SRS resource set to replace panel/TRP.
FL Proposal 1-3: For SDM scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for codebook based or non-codebook based.
· These two SRS resource sets can have different number of SRS resources.
· These two SRS resource sets can have different maximum number of SRS ports.
· For codebook-based PUSCH, DCI indicates two TMPI fields and each TPMI field indicates the precoder and rank for each SRS resource set panel separately.
· Each TMPI field is configured with a maxRank separately.
· For non-codebook based PUSCH and codebook based PUSCH, DCI indicates two SRI fields and each SRI field indicates SRI for each SRS resource set panel separately.
· The total numbers of layers indicated by the two TPMI or SRI fields jointly shall be one of the supported layer combinations for SDM scheme

	NEC
	Yes 
(may need updates)
	We also have concerns about NCB, which is related to maximum number of layers for PUSCH supported  (not only maxRank). Our preference is to manage it per panel, e.g., to have  and  respectively.

	Mod2
	
	Thanks for the comments.  The proposal is updated according to the comments. 
Re the comments by QC of associating each SRS resource set with a maxRank that is different from the legacy maxRank. Nokia commented that legacy maxRank can be used. So the proposal from QC is put in FFS sub-bullet.
@ZTE and google: the purpose of last bullet is to clarify that the indicated layers by one DCI shall be one of the layer combinations that we agreed to support. It means that not only the total number of layers, but also the combination of {L1,L2}. So no update in last bullet. 

	Fujitsu
	Yes
	

	LG
	Yes with updates
	First bullet: In NCB case, all SRS resources should have a single port, so we suggest split the case for CB and NCB regarding the number of ports.
· Configure two SRS resource sets for codebook based or non-codebook based.
· FFS: for codebook based or non-codebook based, tThese two SRS resource sets can have different number of SRS resources.
· FFS: for codebook based, tThese two SRS resource sets can have different maximum number of SRS ports.


	Samsung
	Yes 
	Okay with updated proposal and LG’s update is clearer. However, to exploit all antenna ports across two panels for sTRP transmission, we think sTRP STx2P should be considered. Therefore, we suggest following modification
FL Proposal 1-3: For SDM scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for codebook based or non-codebook based.
· FFS: for codebook based or non-codebook based, tThese two SRS resource sets can have different number of SRS resources.
· FFS: configure two SRS resource groups (like R17 NCJT CSI) in a SRS resource set to support single-DCI based sTRP STxMP PUSCH
· FFS: for codebook based, tThese two SRS resource sets can have different maximum number of SRS ports.


	Mediatek
	Yes with update
	We agree to have separate max rank configurations for two SRS resource set, but one maxRank field is enough. Besides, to support dynamic switching between S-TRP and M-TRP operation, the up to 4 instead of up to 2 should be considered for the maxRank field. In the S-DCI based STxMP PSUCH to two TRPs, the max rank for second SRI/TPMI field could be specified as constant (ex. 2), where the constant value for the other SRS resource set may be decided according to the agreement of layer combination for SDM (Now, up to 2 layers for a TRP is majority).
Moreover, both CG-PUSCH and DG-PUSCH should be considered in STxMP discussion, such that we suggest having the following updated proposal:
FL Proposal 1-3: For SDM scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for codebook based or non-codebook based.
· FFS: These two SRS resource sets can have different number of SRS resources.
· FFS: These two SRS resource sets can have different maximum number of SRS ports.
· For codebook-based PUSCH, DCI indicates two Two TMPI fields are indicated/configured and each TPMI field indicates/configures the precoder and rank for each panel SRS resource set separately.
· Each TMPI field is configured with a maxRank separately.
· For non-codebook based PUSCH and codebook-based PUSCH, DCI indicates tTwo SRI fields are indicated/configured and each SRI field indicates/configures SRI for each SRS resource set separatelypanel separately.
· FFS: whether and how to associate each SRS resource set with a maxRank that might be different from the legacy maxRank, which is used to interpret the TPMI fields (for CB) or SRI fields (for NCB) in case of SDM scheme.
· The numbers of layers indicated by the two TPMI or SRI fields shall be one of the supported layer combinations for SDM scheme


	Spreadtrum
	Yes
	Support updated FL Proposal

	OPPO
	Yes
	For third bullet, suggest to use ‘SRS resource set’ to replace ‘panel’.

	Fraunhofer IIS/HHI
	Yes
	

	Xiaomi
	Yes
	Support the proposal, and LG’s revision of the first bullet is fine to us.

	Apple
	Yes
	Support the updated FL’s proposal

	Mod 3
	
	The proposal is updated as follows:
· The first bullet and its sub-bullets are updated according to the comments of LG, Samsung, Xiaomi.
· Update the 3rd bullet according the comments of MediaTek.

@Samsung: your suggested FFS sub-bullet seems confusing. By “sTRP”, do you mean the Rel-15/16 sTRP transmission? If so, in it the transmission does not support explicit “two panels”.  Just as specified for Rel-15/16 sTRP transmission, the UE is ndicated with one TMPI and one SRI and it is up to UE implementation to use one or more panels to transmit one PUSCH. 

	Intel
	Yes
	Support the updated FL’s proposal. 
We prefer to have separate maxRank configurations. 

	Huawei, HiSilicon
	Yes with update.
	OK in general although we prefer to simplify the FFS regarding max rank. We suggest the following.

FL Proposal 1-3 (update): For SDM scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for codebook based or non-codebook based.
· FFS: These two SRS resource sets can have different number of SRS resources for codebook-based or non-codebook based.
· FFS: These two SRS resource sets can have different maximum number of SRS ports for codebook-based.
· For codebook-based PUSCH, DCI indicates two TMPI fields and each TPMI field indicates the precoder and rank for each panel SRS resource set separately.
· Each TMPI field is configured with a maxRank separately.
· For non-codebook based PUSCH and codebook-based PUSCH, DCI indicates two SRI fields and each SRI field indicates SRI for each panel SRS resource set separately.
· FFS: whether and how to associate each SRS resource set with a maxRank that might be different from the legacy maxRank, which is used to interpret the TPMI fields (for CB) or SRI fields (for NCB) in case of SDM scheme.
· The numbers of layers indicated by the two TPMI or SRI fields shall be one of the supported layer combinations for SDM scheme


	ZTE2
	
	Note that each SRS resource set could be used to both STxMP PUSCH and TxSP PUSCH, that means RRC configured maxRank depends on the larger value between that of the legacy (up to 4) and Rel-18 (up to 2/3). We fail to see the necessity of including “… a maxRank that might be different from the legacy maxRank” at the current stage. It should be noticed that indicated layer number and configured maxRank could be used for SDM scheme as well as single panel scheme.
FL Proposal 1-3: For SDM scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for codebook based or non-codebook based.
· FFS: These two SRS resource sets can have different number of SRS resources for codebook-based or non-codebook based.
· FFS: These two SRS resource sets can have different maximum number of SRS ports for codebook-based.
· For codebook-based PUSCH, DCI indicates two TMPI fields and each TPMI field indicates the precoder and rank for each panel SRS resource set separately.
· Each TMPI field is configured with a maxRank separately.
· For non-codebook based PUSCH and codebook-based PUSCH, DCI indicates two SRI fields and each SRI field indicates SRI for each panel SRS resource set separately.
· FFS: whether and how to associate each SRS resource set with a maxRank, which is used to interpret the TPMI fields (for CB) or SRI fields (for NCB) in case of SDM scheme as well as when switch to single panel scheme.
· The numbers of layers indicated by the two TPMI or SRI fields in case of SDM scheme shall be one of the supported layer combinations for SDM scheme

	MediaTek
	
	We have concern to remove CB/NCB from the main bullet and suggest to keep them.
FL Proposal 1-3: For SDM scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for CB or NCB
Since current proposal works for DG-PUSCH and maybe Type2 CG-PUSCH, we suggest to add one FFS for Type1 CG-PUSCH.
· FFS: How to indicate the precoder/rank/SRI for Type1 CG-PUSCH

	CATT
	Yes
	Support FL’s proposal.

	Vivo
	Yes
	Support the updated proposal with a minor change.
FL Proposal 1-3: For SDM scheme of single-DCI based STxMP PUSCH:
· Configure two SRS resource sets for codebook based or non-codebook based.
· FFS: These two SRS resource sets can have different number of SRS resources.
· FFS: These two SRS resource sets can have different maximum number of SRS ports.
· For codebook-based PUSCH, DCI indicates two TMPI fields and each TPMI field indicates the precoder and rank for each panel SRS resource set separately.
· Each TMPI field is configured with a maxRank separately.
· For non-codebook based PUSCH and codebook-based PUSCH, DCI indicates two SRI fields and each SRI field indicates SRI for each SRS resource setpanel separately.
· FFS: whether and how to associate each SRS resource set with a maxRank that might be different from the legacy maxRank, which is used to interpret the TPMI fields (for CB) or SRI fields (for NCB) in case of SDM scheme.
· The numbers of layers indicated by the two TPMI or SRI fields shall be one of the supported layer combinations for SDM scheme


	Samsung
	
	@FL: As we explained in Issue#1, this is for explicit sTRP multi-panel transmission, not Rel-15/16 sTRP transmission. We think the gNB can support more flexible scheduling with this explicit sTRP STx2P. Therefore, we try to consider the added FFS (SRS resource group in the set) as an option for detail SRS resource set configuration. 

	Panasonic
	Yes
	Support the updated proposal

	Ericsson
	
	Basically OK, but too complicated. It is unclear what the rank of an SRS resource set is: propose to write 
· For codebook-based PUSCH, DCI indicates two TMPI fields and each TPMI field is interpreted as in Rel-15indicates the precoder and rank for each panel separately.

Remove the final bullet.

	Mod 4
	
	The proposal is updated as follows:
· Per the comments of HW and ZTE, the bullet of FFS on maxRank is updated.
· According to the comments of MediaTek, one FFS bullet is added and CB or NCB is added to the first bullet.
· According to the comment of Ericsson, “which is interpreted as in Rel-15” is added to clarify.
· @Samsung: your suggestion can be next step details, you could bring it up for next step detail discussion. 



Summary of round 1
In Tuesday GTW session, we have the following version:
FL Proposal 1-3
For SDM scheme of single-DCI based STxMP PUSCH 
· Configure two SRS resource sets for CB or NCB.
· FFS: These two SRS resource sets can have different number of SRS resources for codebook-based or non-codebook based.
· FFS: These two SRS resource sets can have different number of SRS ports for codebook-based.
· For codebook-based PUSCH, DCI indicates two TPMI fields
· Each TPMI field is interpreted as in Rel-15
· For non-codebook based PUSCH and codebook-based PUSCH, DCI indicates two SRI fields and each SRI field indicates SRS resource(s) for each SRS resource set separately.

The moderator is going to move the discussion of this proposal to email.
Issue #4 : Layer combination for SDM scheme
Summary
It was agreed to support layer combinations of {1+1, 1+2, 2+1 and 2+2} for SDM scheme. And one FFS issue is whether to support {1+3}, {3+1}.  Another FFS is the option of {0+n, n+0}. 
	Agreement
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2} for single CW case. 
· FFS on layer combinations of {1+3} and {3+1} considering the performance gain, system/UE complexity, specification efforts, etc.
· FFS: the option of using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4). 
· This applies to SDM with 1 CW at least.


Regarding the layer combination of 1+3 and 3+1, contributions provides the following views:
· Alt1: do not support 1+3 and 3+1
· Support: Huawei/HiSilicon, Spreadtrum, vivo, Ericsson, OPPO, Google, CATT, CMCC (if 2CW is not supported), Qualcomm, Panasonic
· Alt2: support 1+3 and 3+1
· Support: InterDigital, ZTE, Xiaomi, Nokia
Regarding the layer combinations of 0+n and n+0 for dynamic switch, 
· Ericsson explained that applying two TMPI/SRI fields would support dynamic switch straightforwardly. 
· Google suggested to defer the discussion after more details on transmission schemes for STxMP are concluded. 
· Sharp suggested to support them for dynamic switch. Qualcomm proposed to not support additional layer combinations. 
· Panasonic does not support to use 0+n and n+0 for dynamic combination. 
· Nokia explained that the function of panel switch 0+n and n+0 can be supported by DCI field SRS resource set indicator and thus they are not needed.
FL note: it looks like that majority companies do not support 1+3 and 3+1. Considering this issue has been discussed couple of times, it is better to make a conclusion in this meeting. Re the issue of 0+n and n+0, its purpose is to support dynamic switch between SDM scheme and Rel-15/16 sTRP transmission. FL would suggest to focus on the discussion on whether/how to support dynamic switch.
Proposal for discussion
Based on the companies’ views, the following proposal is made:
FL Proposal 1-4: Conclude that layer combination 1+3 and 3+1 are not supported for SDM scheme of single-DCI based STxMP PUSCH in Rel-18.

Companies’ views: 
	Company Name
	Support Proposal 1-4 (Yes/No)
	Comments

	QC
	Yes
	

	Nokia/NSB
	Yes
	For the sake of progress, we are fine to support it.

	InterDigital
	
	This may depend on the outcome from Issue #5 on 2CW support. If 2 CW is not supported, then we are ok to support this proposal. 

	Lenovo
	Yes
	Support.

	Google
	Yes
	

	NTT Docomo
	Yes
	

	ZTE
	No
	Given layer combination 2+2 has been agreed, we fail to see the logical that 1+3 and 3+1 should be precluded. For NCB scheme, if the MP-UE could support 2+2, it means 4 SRS resources across two panel can be used, so1+3/3+1 can be supported accordingly. Then why NW cannot schedule such layer combinations in this case?

	Fujitsu
	Yes
	

	LG
	No
	Supporting 1+3 and 3+1 provides scheduling flexibility to optimize rank for each TRP’s UL channel.

	Samsung
	Yes
	We prefer to prioritize layer combinations which were already agreed (1+1, 1+2, 2+1, 2+2).

	MediaTek
	Yes
	This is a UE implementation issue, and we fail to see the need to additional layer combinations.

	Spreadtrum
	Yes
	

	OPPO
	Yes
	

	Fraunhofer IIS/HHI
	Yes
	

	Xiaomi
	No
	More flexible layer combinations should be considered and supported, for RANK-4, only {2+2} is supported. And for the asymmetric panel implementation cases (various UE capability values have been supported), supporting of RANK-4 with {1+3, 3+1} would be a natural choice. These rank combinations are also applicable for 2CW to layer mapping case.

	Apple
	Yes
	1+3/3+1 is not well justified, besides excluding this combination simplifies other design aspects like maxRank

	Intel
	No
	{1+3, 3+1} can provide more flexibility if the UE has certain capability.
For example, a UE can support dynamic switching between sTRP and STxMP transmission. If the sTRP transmission is 4-layer, then the UE should have the capability of 3-layer transmission in STxMP, which means the {1+3, 3+1} layer combinations are supportable. 

	Huawei, HiSilicon
	Yes
	rank 3 transmission for a single TRP is not a typical scenario in FR2. Further, it was agreed in Rel-16 that at most {2+2} layer combination is supported for the downlink mTRP. Finally, if the layer combination {1+3} is supported, the number of Tx antenna ports for the first panel must be at least one, while, according to the current codebook design, the number of Tx antenna ports for the second panel must be 4 to support a 3-layer TPMI indication (see Table 6.3.1.5-6 in 38.211). Note that, according to the WID, “no new codebook is introduced for multi-panel simultaneous transmission”. This means that to support {1+3} or {3+1} layers, the total number of Tx antenna ports over two panels needs to be at least 5. However, the current specifications do not support more than 4 antenna port UE. Therefore, we have the following proposal.

	CATT
	Yes
	

	vivo
	Yes
	We fail to see the necessity to support layers combination of {1+3} and {3+1}. Performance gain of layer combinations s of {1+3} and {3+1} compared with rank combination of {2+2} is unclear. Besides, considering per-panel power control, similar channel quality of two panels can be acquired. Scheduling of PUSCH with layer combinations of {1+3} or {3+1} seldom happens. 

	Panasonic
	Yes
	Support

	Ericsson
	Yes
	The entire evaluation campaign assumed that each TRP could only receive with two layers, and that each UE panel was only capable of rank-2 transmission. Without that restriction, any benefit of STxMP would go away.

	
	
	


Summary of Round 1
From the round 1 discussion, we have the following supporting companies:
FL Proposal 1-4: Conclude that layer combination 1+3 and 3+1 are not supported for SDM scheme of single-DCI based STxMP PUSCH in Rel-18.
Support: QC, Nokia/NSB, InterDigital (if 2CW is not supported), Lenovo, Google, NTT DOCOMO, Fujitsu, Samsung, MediaTek, Spreadtrum, OPPO, Fraunhofer IIS/HHI, Apple, Huawei, HiSilicon, CATT, vivo, Panasonic, Ericsson
Not support: ZTE, LG, Xiaomi, Intel, 
Intel/Xiaomi/LG explained that 1+3 and 3+1 can provide more scheduling flexibility and considering a UE can support switch between sTRP and STxMP transmission, a UE supports 3 layers for sTRP can naturally support combination of 1+3 and 3+1 in STxMP.
The companies objecting 1+3 and 3+1 explained that these combinations are not well justified and they prefer to simply the design.
Per the understanding of moderator, it seems more study is needed to make decision on these two layer combinations.
Proposal for Round 2 discussion
Updated Proposal 1-4: Continue to study layer combinations {1+3} and {3+1} for SDM scheme considering the performance gain, system/UE complexity, specification efforts. Decision on support them or not to be made in RAN1#111.
Comments on Updated Proposal 1-4: 
	Company 
	Support (Yes/No)
	Comments

	QC
	No
	This is already FFS. We do not need a new agreement. This should be a “conclusion” given the situation.

	LG
	Yes
	

	NTT Docomo
	
	Similar view with QC that a new agreement may not be needed

	Fujitsu
	Yes
	

	MediaTek
	No
	Study on this issue was agreed in RAN1#110, such that no more agreement is needed

	CATT
	No
	Fail to see the necessity for a new agreement.

	ZTE
	Yes
	Note that some companies commented 1+3 or 3+1 is relevant to the case of 2 CW SDM, we’d like to clarify that up to 2 layers per panel is set in our SLS with regards to 2 CW case. It proves whether to support 1+3/3+1 is decoupled to 2 CW SDM.

	OPPO
	
	We also think new agreement may not be needed.

	Xiaomi
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	

	Huawei, HiSilicon
	No
	As we discussed in the first round, {1+3} and {3+1} layer combinations are out of the scope of this WID: if the layer combination {1+3} is supported, the number of Tx antenna ports for the first panel must be at least one, while, according to the current codebook design, the number of Tx antenna ports for the second panel must be 4 to support a 3-layer TPMI indication (see Table 6.3.1.5-6 in 38.211). Note that, according to the WID, “no new codebook is introduced for multi-panel simultaneous transmission”. This means that to support {1+3} or {3+1} layers, the total number of Tx antenna ports over two panels needs to be at least 5. However, the current specifications do not support more than 4 antenna port UE. 

Also, rank 3 transmission for a single TRP is not a typical scenario in FR2. Further, it was agreed in Rel-16 that at most {2+2} layer combination is supported for the downlink mTRP. Finally, 

	Spreadtrum
	
	Agree with QC, the original FFS in RAN1#110 can be retained and used for subsequent discussion.

	Nokia
	Yes
	It is too early discard this option. 

	Samsung
	No
	

	Lenovo
	Yes
	

	Mod
	
	@All, indeed, we had FFS back in RAN1#110, but this new proposal is to say RAN1#111 is the deadline to make the decision.  Please check if you are ok with this deadline.


Summary of Round 2
QC/MediaTek/CATT/Samsung does not support the proposal as they explained that such an agreement is not needed since we already have FFS on 1+3/3+1 in previous agreement. And HW does not support 1+3 and 3+1 and their argument is those two are out of scope and rank 3 is not typical scenario for FR2. 
  
Proposal for Round 3 Discussion
The main intention in proposal 1-4 is to conclude a deadline for resolve this FFS on 1+3/3+1. Since we already have the FFS on this, we only need to conclude a deadline to settle down this FFS. Therefore, I would like to propose the following conclusion:
Conclusion 1-4: Decision on support layer combinations {1+3} and {3+1} for SDM scheme or not to be made by RAN1#111.
Comments on proposed Conclusion 1-4: 
	Company 
	Support (Yes/No)
	Comments

	ZTE
	Yes
	Make decision by the next meeting can be acceptable.

	CATT
	Yes
	We fail to see the necessity for layer combination {1+3} and {3+1} for SDM scheme. Still, it is ok to postpone the decision to the next meeting.

	LG
	Yes
	

	NTT Docomo
	Yes
	

	OPPO
	Yes
	

	Panasonic
	
	We do not see the situation changing in RAN#111. Perhaps not even wasting time agreeing on Conclusion 1-4 is best. However we support the conclusion if discussed. 

	Spreadtrum
	Yes
	Fine with the conclusion, but we slightly prefer to exclude the layer combinations {1+3} and {3+1} for SDM, considering the impact on maxRank.

	MediaTek
	Yes
	

	vivo
	
	We don’t think this conclusion is needed. Either we agree not to support layer combinations {1+3} and {3+1} or we don’t make any agreement.

	Huawei, HiSilicon
	OK
	We don’t support {1+3} and {3+1} layers for the same reasons that were explained in the first round. OK with the conclusion.  

	Lenovo
	Yes
	

	Ericsson
	OK
	We think we could make the decision now not to include the these layer combinations – since otherwise we have to set up a new set of EVMs.

	Xiaomi
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	

	Mod
	
	According to all the comments received so far, it seems the proposal is stable.




Issue#5 2 CWs for SDM scheme
Summary
Whether to support 2 CW for SDM scheme is pending issue.  
The following 5 companies provided the evaluation results for 2CW:
	· ZTE provided the following SLS results for 2 CWs vs 1 CW:
Table 1  UPT performance of 1 CW v.s. 2 CWs in case of SDM scheme based STxMP PUSCH transmission
	RU
	Transmission Scheme
	Mean UE
	5%-ile UE
	50%-ile UE
	95%-ile UE

	~ 15%
	Single panel with panel selection
	430.64
	187.05
	497.44
	524.71

	
	1 CW SDM STxMP
	474.71
10.2% (↑)
	174.64
-6.6% (↓)
	493.72
-0.7% (↓)
	895.34
70.6% (↑)

	
	2 CWs SDM STxMP
	494.11
14.7% (↑)
	191.32
2.3% (↑)
	512.59
3.0% (↑)
	895.50
70.7% (↑)

	

	~ 30%
	Single panel with panel selection
	357.51
	111.00
	379.38
	524.71

	
	1 CW SDM STxMP
	387.08
8.3% (↑)
	108.57
-2.2% (↓)
	382.65
0.9% (↑)
	790.22
50.6% (↑)

	
	2 CWs SDM STxMP
	406.76
13.8% (↑)
	119.03
7.2% (↑)
	404.74
6.7% (↑)
	808.84
54.2% (↑)

	

	~ 50%

	Single panel with panel selection
	262.11
	60.14
	234.78
	524.57

	
	1 CW SDM STxMP
	273.48
4.3% (↑)
	57.96
-3.6% (↓)
	237.31
1.1% (↑)
	539.37
2.8% (↑)

	
	2 CWs SDM STxMP
	290.84
11.0% (↑)
	68.25
13.5% (↑)
	253.33
7.9% (↑)
	591.31
12.7% (↑)

	

	~ 80%


	Single panel with panel selection
	121.06
	20.09
	72.99
	416.95

	
	1 CW SDM STxMP
	118.43
-2.2% (↓)
	19.79
-1.5% (↓)
	68.25
-6.5% (↓)
	408.14
-2.1% (↓)

	
	2 CWs SDM STxMP
	128.21
5.9% (↑)
	20.96
4.3% (↑)
	75.25
3.1% (↑)
	422.26
1.3% (↑)
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Figure 1  MCS level gap between two panels when 2 CWs SDM based STxMP PUSCH transmission

	· Ericsson provided the SLS results of 2 CWs vs 1 CW and suggested that performance gain of 2 CWs is marginal:
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[bookmark: _Ref111215433]Figure 1: Mean and cell-edge throughput for indoor hotspot for STxMP one and two codewords.
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[bookmark: _Ref111217426]Figure 2: Mean and cell-edge throughput for dense urban for STxMP one and two codewords

	· Lenovo provided the throughput comparison between 2 CWs vs 1 CW and observed 2 CW outperforms 1 CW in medium and high SNR region
[image: ]

	· MediaTek provided the CDF of MCS level gap between two panels and suggested that the benefit of 2 CWs could be quite marginal
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CDF of MCS level gap between two codewords in SDM scheme under DU scenarios with different loading

	· NTT DOCOMO compared the 2 CW vs 1 CW in terms of system throughput and observed that 2 CWs outperforms both 1 CW SDM and single panel TX in both low and high RU cases.
Table I. Throughput performance of STxMP PUSCH SDM scheme
	RU
	(Mbps)　
	Single panel Tx
	SDM scheme (1CW)
	SDM scheme
(2CW)

	20%
	Avg. UPT
	251.02

	266.19
6.04% (↑)
	272.07
8.39% (↑)

	
	5% UPT
	81.84

	90.69
10.81% (↑)
	95.33
16.48% (↑)

	50%
	Avg. UPT
	193.95

	198.42
2.31% (↑)
	209.62
8.08% (↑)

	
	5% UPT
	46.80

	43.24
-7.60% (↓)
	58.97
26.01% (↑)





FL note: the evaluation results provided in tdoc can be summarized as:
· ZTE and NTT DOCOMO showed that SDM with 2 CW provided better throughput than both SDM with 1 CW and single panel transmission from low load to high load.
· Lenovo observed that SDM with 2 CW outperforms SDM with 1 CW in medium and high SINR region.
· Ericsson and MediaTek saw the gain of SDM with 2CW over SDM with 1 CW but explained that the gain might be marginal.
.
Regarding whether to support 2CWs in SDM scheme, the contributions provided the following views:
· Alt1: Support 2 CWs for SDM scheme
· Support: InterDigital, ZTE, CATT, Xiaomi, NTT DOCOMO
· Alt2: Do not support 2 CWs for SDM scheme
· Support:  Spreadtrum, vivo, Ericsson, Intel, MediaTek, Apple, Samsung, Panasonic, Nokia
The main arguments for not supporting 2 CW for SDM scheme provided in the contribution include: heavy specification impact due to changes in HARQ process and layer to codeword mapping, benefit of 2 CW scheduling may be hardly obtained, extra DCI overhead due to indicating MCS/RV/NDI for the second CW. The benefit of 2 CWs over 1 CW is marginal and could be even smaller with per panel power control, etc. 
FL note: the views on 2 CWs for SDM quite diverge. The evaluation results provided in tdocs do show the gain of 2 CW but companies is concerned about the specification effort and complexity, and also possible marginal gain. 
Proposal for discussion
Regarding the issue of 2 CWs, please provide your views if you have not or update your views. The views shown in tdocs are also listed under each Alt.
FL Proposal 1-5: Regarding 2 CWs for SDM scheme, down-select one from the following:
· Alt1: Support 2 CWs for SDM scheme
· Support: InterDigital, ZTE, CATT, Xiaomi, NTT DOCOMO, Lenovo, google
· Alt2: Do not support 2 CWs for SDM scheme
· Support:  Spreadtrum, vivo, Ericsson, Intel, MediaTek, Apple, Samsung, Panasonic, Nokia, LG, Fraunhofer IIS/HHI, Apple

Companies’ views: 
	Company 
	Support Alt1 or Alt2?
	Comments

	QC
	Alt2
	For DL, we do not have 2 CWs for SDM scheme. Why we should have this now for UL? The use case in UL is even more questionable since power control can balance the two links at least when UE is not power-limited. 

	Nokia/NSB
	Alt2
	Support Alt2

	InterDigital
	Alt1
	Support Alt1. 

	Lenovo
	Alt1
	Support Alt1.

	Google
	Slightly prefer Alt1
	

	NTT Docomo
	Alt1
	

	ZTE
	[Change the table format to easily ventilate our views below]

Support Alt1.

Basically, as WID states, STxMP UL transmission must meet the higher UL throughput/ reliability when comparing baseline scheme (i.e., single-panel with panel selection or MTRP PUSCH TDM repetition). According to evaluation results of 1 CW SDM vs 2 CWs SDM by companies so far, it indeed proves that support of 2 CWs is the key point to reach meaningful performance gain for STxMP PUSCH SDM transmission.
· ZTE shows that 1 CW SDM will always cause performance loss in low/medium/high load scenarios, and 2 CWs SDM could always get higher UPT. Wherein, TRP/panel-specific power control is enabled. In addition, ZTE also shows that most of MP-UEs need to be scheduled with different MCS for STxMP PUSCH SDM transmission when indoor scenario.
· Ericsson assesses that performance gain of 2 CWs is marginal when comparing 1 CW. However, the SLS result shows that 2 CWs could obtain considerable UPT gain (~ 80% to 100%) for cell-edge Ues when medium load scenario. Besides, it should be noticed that performance of baseline scheme (single-panel with panel selection) should be compared herein.
· Mediatek provides the result of MCS level gap between 2 CWs when DU scenario, where more than 50% MP-Ues are scheduled with different MCS. In particular, Mediatek’s simulation result provided in RAN1#110-e showed that 2 CWs SDM cannot provide sufficient UPT gain over 1 CW SDM. Note that the setting of MCS determination in 1 CW case is to jointly calculate the equalization of MCS across two TRPs, that is impractical due to the single MCS should be determined by the lower MCS among two panels to guarantee the demodulation performance of the worse panel. Otherwise, it is agnostic to NW to schedule STxMP PUSCH in this case.
·  Lenovo shows 2 CWs is highly required in medium and high SINR scenarios due to individual MCS could match each panel-TRP-link.
· DOCOMO shows 1 CW SDM cannot outperform single-panel scheme in medium load scenario, but 2 CW could still guarantee UPT gain.

Besides, it should be noticed that the traffic backhaul overload caused by 1 CW SDM scheme will be a Herculean challenge to NW deployment in reality. Due to the single date coding/ scrambling/ RV version/ modulating/ layer mapping of 1 CW SDM scheme, NW has to receive two PUSCHs at two TRPs completely at first and then process the combination of the receiving data jointly. It is worth to note that the processing of 1 CW SDM is the same to single-panel PUSCH transmission from NW’s perspective, where the only differentiation is the layers of PUSCH are transmitted with different beams. BTW, the processing of Rel-16 SDM MTRP PDSCH in UE side is also the same to that of STRP PDSCH. Keep the above in mind, when NW schedules several MP-Ues with 1 CW SDM scheme and the amount of receiving data in total within one occasion in each TRP side is considerably huge, it will lead to the traffic backhaul overload across TRPs. Meanwhile, it will also cause large traffic delay by wait to stop, which will  be devastating to URLLC traffic, e.g., vehicle device enabled with multi-panel. For 2 CW SDM scheme, thanks to individual processing of each CW in each TRP, it can ease the pressure of NW deployment because traffic backhaul load is not required anymore.

Taken the meaningful performance gain and NW deployment complexity into consideration, we do believe SDM STxMP PUSCH transmission must be enabled with 2 CWs.

	Mod 
	
	Updated the list of supporting companies according to the latest comments. 

	LG
	Alt 2
	

	Samsung
	Alt2
	We want to share the similar view as QC. If two links between each panel and each TRP are not balanced even though power control, why should we support mTRP STx2P? When we consider the condition that we can get the maximum gain with mTRP, it could be the case that two channel links have similar or same quality. Otherwise, panel selection scheme or sTRP STx2P seems better than keeping mTRP STx2P. Therefore, 1CW with same MCS is enough to support SDM mTRP STx2P.
For the backhaul, is this scheme for sDCI? For sDCI based scheme, we assume the ideal backhaul as we known. 

	MediaTek
	Alt 12
	Support Alt 12. 
We fail to see the benefit of 2CW.

First, we believe that MCS determination based on the layers across two TRPs is reasonable for 1CW case, because those layers belong to the same codeword. And joint/separate demodulation between TRPs is up to NW implementation in S-DCI-based operation. 

Second, The MCS gap distribution between two CWs in our contribution proves that the received power will be aligned by per-panel/TRP power control when the UE has sufficient UL power. And Ericsson also print out the observation that “With per-panel power control, the benefits of two codewords compared to one codeword would be even smaller.”.

Third, we think the SDM scheme is designed for T-put enhancement instead of reliability enhancement. The cell-average throughput should be main KPI to justify the benefit of 2CW. Based on ZTE’s and DOCOMO’s results, 2CW provides less than 10% gain on cell-average UPT under any load, comparing to 1 CWs case. In our view, 2CW isn’t so attractive with large encoding complexity as cost

	Spreadtrum
	Alt2
	Support Alt2

	Fraunhofer IIS/HHI
	Alt2
	

	Xiaomi
	Slightly prefer Alt.1
	@QC，I am confused on this comment “For DL, we do not have 2 CWs for SDM scheme”,  could you please explain a bit on this? 
Alt.1 in my opinion is the same methodology as 2CW in the DL. 

	Apple
	Alt2
	We share similar view as Samsung and Qualcomm 

	Mod 3
	
	Update the list of supporting companies according to comments.
@MediaTek: I guessed you meant to say “Alt1” since in your comments, you said “We fail to see the benefit of 2CW”

	Intel
	Alt2
	Support Alt2

	Xiaomi
	Slightly prefer Alt.1
	Wrong comment above sorry.
2 CWs can provide more scheduling flexibility which have more performance gain too.

	Huawei, HiSilicon
	Alt2
	We are not convinced 2 CW causes a meaningful performance gain that justifies the substantial specification effort. The discussion of 1 CW vs 2 CW is for the s-DCI scenario which assumes ideal backhaul. So, we don’t think the backhaul overload can be used to motivate 2 CWs.

Second, though 2CW has benefits in flexibility on MCS selection, considerable performance gain only occurs when link quality of the two TRPs has a large gap, however, we believe this is not a typical use case for STxMP, wherein link quality of two TRPs should be comparable with each other. 

Moreover, based on performance evaluation provided by other companies in Rel16 and Rel18, this benefit requires accurate MCS determination.

	ZTE2
	We’d like to share further views on top of companies’ inputs so far.

QC, Samsung, MediaTek said that as long as per panel/TRP power control is enabled and assuming UE output power is unlimited, that’s sufficient to obtain UPT gain by 1 CW SDM. First, our evaluation results has already proved that enabling panel/TRP power control for 1 CW SDM cannot outperform TxSP with panel selection in any case (low-load to high-load scenarios). Second, it makes no sense to assume enough UE power is the pre-requisite of multi-panel devices. Note that two UE power options set in EVM and the diversity of MP-UE architecture in WID. Moreover, higher output UL power leads to severe inter-UE interference, which will negatively impact UPT instead. Third, due to UL output power is quite limited rather than that of DL, the design of Rel-16 MTRP PDSCH SDM cannot be the reason to preclude 2 CWs for SDM STxMP PUSCH transmission.

Samsung’s and HW’s view on ideal back-haul assumption of SDCI MTRP is irrelevant to the  traffic backhaul overload caused by 1 CW in MTRP deployment, it is indeed the processing of 1 CW where NW has to execute the combination of PUSCH receptions from two TRPs first anyways before demodulate/decoding the 1CW of PUSCH, that will case traffic backhaul overload among two TRPs especially in case of high traffic scenario, and which is the bottleneck of MTRP deployment in reality.

Samsung said that “When we consider the condition that we can get the maximum gain with mTRP, it could be the case that two channel links have similar or same quality” and HW said that “... performance gain only occurs when link quality of the two TRPs has a large gap, however, we believe this is not a typical use case for STxMP, wherein link quality of two TRPs should be comparable with each other.”, it is indeed counter intuitive due to PUSCH transmitted from different panels toward to different TRPs in FR2. We proves that most of MP-Ues need to be scheduled with different MCS in above Figure 1. In addition, Samsung thought that “Otherwise, panel selection scheme or sTRP STx2P seems better than keeping mTRP STx2P”, it is the case of 1 CW SDM STxMP rather than 2 CWs. As stated in WID, Rel-18 STxMP aims to higher UPT, it can be reached via 2 CWs enabled to SDM STxMP. Regarding 

MediaTek said that “we think the SDM scheme is designed for T-put enhancement instead of reliability enhancement. The cell-average throughput should be main KPI to justify the benefit of 2CW”, it should also be the request of 1 CW SDM as the WID states that STxMP should reach the higher UPT when comparing baseline scheme (i.e. TxSP with panel selection). We proved that 1 CW SDM cannot outperform the legacy TxSP in many cases, nevertheless, 2 CWs SDM could guarantee the bottom line as required in WID.

We sympathize with some companies’ concern about UE implementation complexity of 2 CWs SDM, and we sincerely hope that MTRP deployment challenges can be taken into consideration by companies. Therefor, we can compromise to support both 1 CW SDM and 2 CWs SDM, in which 2 CWs SDM can be UE optional.


	CATT
	Alt1
	Support Alt1

	MediaTek
	Alt2
	Just to clarify. The max tx power is still limited in our simulations. It is not “unlimited”.

	Vivo
	Alt2
	Introducing 2 CW for two panels simultaneous transmission will increase UE complexity. 2 CW only serves higher throughput. It has no effect on reliability. While for SDM scheme with 1 CW, both throughput and reliability gain can be achieved. With panel-specific power control which can compensate for the channel variation, the performance gain of supporting two CWs with separate MCS versus one CW with one MCS is limited. For the deployment case in which channel quality of two panels varies a lot, 2 CW for two panels can be scheduled by two DCI separately in m-DCI based mTRP. 

	Samsung
	 Alt2
	@ZTE: Thank you for sharing your view. 
First, for backhaul overhead, we thought sDCI based scheme is based on ideal (or high capacity) backhaul. Anyway, if the backhaul has overhead issue in realistic, we can consider other combining option, e.g. LLR level combining after demodulation, instead of sharing received PUSCH without demodulation. As I know, spatial filtering and demodulation can be implemented via each TRP side (Yes, depending on implementation). This functionality for each TRP will be required for 2CW SDM case also (because each TRP will do spatial filtering and demodulation for each CW). If backhaul capacity is real problem, we can consider other realistic combining options (or mDCI based STx2P). 

	NTT Docomo
	Alt.1.
	First, we think even with per panel power control, there may still be case where power between two panels cannot be balanced e.g. one of the panels has reached maximum power. And we do not see why STxMP can only be used when power between two panels is very balanced. In contrast, with 2CW, STxMP can be beneficial when there is gap between power of two panels. 
Second, we share similar view with ZTE that 1CW has marginal or no gain compared to baseline (single panel) in some cases.
And required specification effort is not that huge from our perspective.

	Panasonic 
	Alt2
	We echo what Vivo mentioned. 2CW from two panels will increase UE complexity, so the merit of this scheme should take that into account. 

	ZTE3
	
	@Samsung: Thanks for sharing your views on MTRP deployment related issue.
To my understanding, spatial filtering could be proceeded in each TRP due to 2 UL beams for SDM based PUSCH transmission, it is irrelevant to 1 CW or 2 CWs. Regarding demodulation processing in NW side, due to PUSCH modulated with one single MCS in 1 CW SDM scheme, combining before demodulation is always needed, which is same to the processing of STRP scenario. If we aim to support SDM STxMP, the issue (e.g. traffic backhaul overload caused in 1 CW SDM) address by switching to other scheme (e.g., MDCI STxMP or TxSP) cannot be the reason to preclude the UPT gain that could have been obtained by STxMP SDM with 2 CWs.

	Ericsson
	Alt2
	Our concerns with 2CW are:
· Higher DCI overhead 
· Specification complexity: what fields would we duplicate?
· Lack of alignment with other sDCI schemes 

	
	
	


Summary of Round 1
From the round 1 inputs, we have the following supporting companies for each Alt:
· Alt1: Support 2 CWs for SDM scheme
· Support (7): InterDigital, ZTE, CATT, Xiaomi, NTT DOCOMO, Lenovo, google
· Alt2: Do not support 2 CWs for SDM scheme
· Support(14):  QC, Spreadtrum, vivo, Ericsson, Intel, MediaTek, Apple, Samsung, Panasonic, Nokia/NSB, LG, Fraunhofer IIS/HHI, Apple, Huawei/HiSilicon
According to the inputs in round 1, it looks unlikely to converge on this issue. The moderator would suggest do more study on this issue and come back to it in next meeting.

Issue #6 PTRS indication for SDM scheme
Summary
Companies discussed the issues of PTRS for SDM scheme of single-DCI based STxMP PUSCH transmission. 
Regarding the number of PTRS ports for SDM scheme, companies provided the following view:
· Support 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH
· Supported: ZTE, Spreadtrum, vivo, Lenovo, OPPO, Intel, Qualcomm
Companies also proposed to enhance the PTRS-DMRS association for SDM scheme:
· ZTE proposed that to associate each PTRS port with one DMRS port of one panel/one SRS resource set: no indication is needed for {1+1}, Table 7.3.1.1.2-25 or 25A is used for {1+2} and {2+1}, Table 7.3.1.1.2-25 is used for {2+2}.
· Spreadtrum proposed to associate each PTRS port with DMRS port in different CDM groups.
· vivo suggested to enhance the PTRS-DMRS association so that PTRS port 0 and 1 are associated with one DMRS port in each CDM group, respectively
· Lenovo proposed to enhance the PTRS so that each PTRS port is used by one panel.
· OPPO suggested to associate PTRS port 0 and 1 with different panels.
· Intel proposed that one PTRS port is assigned for each panel
· Qualcomm proposed that 1st bit of PTRS-DMRS association field indicate association between PTRS port 0 with DMRS port of 1st SRS resource set and 2nd bit of PTRS-DMRS association field indicates association between PTRS port 1 with DMRS port of 2nd SRS resource set.
FL note: all the views support configuring 2 PTRS ports for SDM transmission. And all the views proposed to enhance the PTRS-DMRS association indication to associate PTRS port 0 and 1 with DMRS ports of two panels, even though the detailed methods might be different.
Proposal for discussion
Based on the companies’ views, the following proposal is made:
FL Proposal 1-6: Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
· For 2 PTRS ports, Ports 0 and 1 are associated with one DMRS port of two different panels respectively.
· Study how to use the ‘PTRS-DMRS association’ field in DCI format 0_1 and 0_2 to indicate the PTRS-DMRS association for SDM scheme

Companies’ views: 
	Company 
	Support the proposal?
	Comments

	QC
	
	PTRS ports is not mandatory for DL SDM. Hence, it should not be mandatory for UL. We suggest:
FL Proposal 1-6: Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
· For 2 PTRS ports, Ports 0 and 1 are associated with one DMRS port of two different panels respectively.
· Study how to use the ‘PTRS-DMRS association’ field in DCI format 0_1 and 0_2 to indicate the PTRS-DMRS association for SDM scheme


	Nokia/NSB
	Yes
	Support FL’s proposal.

	Lenovo 
	Yes
	Support FL proposal.

	Google
	Yes with QC’s modification
	

	NTT Docomo
	Yes
	Also fine with QC’s modification 

	ZTE
	Yes with QC’s update
	

	Mod2
	
	The proposal 1-6 is updated according QC’s comments. 

	LG
	Yes
	Support FL proposal.

	Samsung
	Yes
	We are fine with updated proposal.

	MediaTek
	Yes
	

	Spreadtrum
	Yes
	Support FL Proposal 1-6. 

	OPPO
	Yes
	Support the updated proposal.

	Xiaomi
	Yes with QC’s update
	

	Apple
	Yes
	Support the updated FL’s proposal.

	Intel
	Yes
	Support FL Proposal.

	Huawei, HiSilicon
	Yes
	Support the updated FL’s proposal.

	Vivo
	
	a question for clarification, with this proposal does it mean that in the case of 4Tx on each panel and partial or non-coherent antennas two PTRS ports (0 and 1) cannot be configured for one panel?    

	Ericsson
	No
	The main bullet is as in Rel-17. The first subbullet is up to NW configuration. OK to study the DMRS to PTRS association.

	Mod 4
	
	@vivo: for SDM, each of PTRS port would be associate with DMRS port of one panel, so that the first panel use one PTRS port and the other panel use the other PTRS port.
@Ericsson: the main bullet is not 100% Rel-17 since Rel-17 does not have SDM. The main bullet says that SDM can use up to two ports. And those two PTRS ports are going to associate with DMRS ports of different panels.


Issue#7 Switching between SDM and other schemes 
Summary of Round 1
The proposal 1-6 with updates according to the comments are supported by majority companies.
Regarding the comments of Ericsson, as explain in the above table, the main bullet is not as in Rel-17 since Rel-17 does not have SDM. The proposal intends to say that SDM can use up to 2 PTRS ports. 
Based on the views collected in round 1, moderator would suggest to put Proposal 1-6 in email endorsement
Issue#7 Switching between SDM and other schemes 
Summary
Companies provided views/proposals on the switching between SDM scheme and Rel15/16 sTRP transmission and switching between SDM scheme and Rel-17 TDM scheme.
For the switching between SDM scheme and Rel-15/16 sTRP transmission, the views in tdocs are:
· Support dynamic switching between SDM scheme and Rel-15/16 sTRP transmission
· Supported: Huawei/HiSilicon, InterDigital, ZTE, Spreadtrum, vivo, Lenovo, LG, Intel, NEC, Xiaomi, Sharp, MediaTek, Fraunhofer IIS, Fraunhofer HHI, Samsung, Qualcomm, Panasonic, Nokia

Regarding how to support the dynamic switching between SDM scheme and Rel-15/16 sTRP transmission, the following proposals are provided in tdocs:
· Option 1: Use the ‘SRS resource set indicator’ DCI field
· Support: Huawei/HiSilicon, Spreadtrum, vivo, Lenovo, LG, NEC, Xiaomi, MediaTek, Fraunhofer IIS, Fraunhofer HHI, Samsung, Qaulcomm, Nokia
· Option 2: use the DCI field for DMRS port indication to indicate the switching
· Support: InterDigital
· Option 3: Use reserved/additional codepoint in the 1st or 2nd TPMI field to indicate the switching between SDM and Rel15/16 single-panel transmission.
· Supported: ZTE
· Option 4: use the layer combination 0+n and n+0 
· Supported: Sharp
· Option 5: through the number of TCI states
· Supported: Samsung

Regarding the Rel-15/16 sTRP transmission, companies also discussed the issues of maxRank when switching to Rel-15/16 sTRP transmission:
· vivo suggested when dynamically switching to Rel-15/16 sTRP transmission, maxRank can be 4.
· Qualcomm explained that there could exist two cases for the maxRank of sTRP iscusssion: 
· case 1: maxRank of sTRP is same to the maxRank of one SRS resource set configured for STxMP transmission, 
· case 2: The maxRank of sTRP transmission can be the sum of  maxRank of two SRS resource sets for STxMP PUSCH transmission. 

FL note: All the companies support dynamic switch between SDM scheme and Rel-15/16 sTRP transmission. And majority companies support to use the ‘SRS resource set indicator’ to indicate the switching. Regarding the issue of maxRank when switching back to Rel-15/16 sTRP, FL understands that is a valid issue. The maxRank of sTRP transmission is not necessary to be same to the maxRank of one panel in STxMP transmission. So it is worthwhile to iscuss this issue.
For the switching between SDM scheme and Rel-17 TDM scheme, tdocs provided the following views:
· Alt1: Dynamic switching between SDM scheme and Rel-17 TDM scheme
· vivo, LG, CATT, Fujitsu
· Alt2: RRC-based switching between SDM scheme and Rel-17 TDM scheme
· Supported: Huawei/HiSilicon, ZTE, Spreadtrum

Regarding dynamic switching between SDM and Rel-17 TDM scheme, vivo and LG proposed to use the indicated repetition number when two TCI states are applied is used to switch between SDM and Rel-17 TDM scheme.
The views on how to switch between STxMP SDM and Rel-17 TDM diverge.
Proposal for discussion
Based on the companies’ views, the following proposal is made:
FL Proposal 1-7: For single-DCI based STxMP PUSCH:
· Support dynamic switching between SDM scheme and Rel-15/16 sTRP transmission
· Use the DCI field ‘SRS resource set indicator’ to indicate the switching
· FFS the maxRank when switching to Rel-15/16 sTRP transmission, 
· e.g., the maxRank of Rel-15/16 transmission can be the maxRank of one SRS resource set for STxMP, the maxRank of Rel-15/16 transmision can be the sum of maxRanks of SRS resource sets for STxMP; the maxRank of Rel-15/16 transmission can be separately configured.
· Down-select one from the followings:
· Alt1: Support dynamic switching between SDM scheme and Rel-17 PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Support: vivo, LG, CATT, Fujitsu, Nokia, InterDigital
· Alt2: Support RRC-based switching between SDM scheme and Rel-17 PUSCH TDM scheme
· Support: Huawei/HiSilicon, ZTE, Spreadtrum, QC, OPPO, Fraunhofer IIS/HHI, Xiaomi, Apple

Companies’ views: 
	Company Name
	Support Proposal 1-7 (Yes/No)
	Comments

	QC
	Support
	Between Alt1 and Alt2, we prefer Alt2 to simplify the design. The use case for dynamic switching between TDM and SDM is not very clear.

	Nokia/NSB
	Yes
	First main bullet: support
Second main bullet: Support Alt-1

	InterDigital
	
	For first main bullet:
SRS resource set indicator field switches between sTRP and mTRP. STxMP can be used in sTRP, or mTRP, so switching between single panel and STxMP should be separately indicated from the existing SRS resource set indicator fields. 

For second main bullet:
Support Alt1.

	Lenovo
	
	Support FL proposal.

	Google
	No
	This is based on unified TCI framework, the dynamic switching can be based on a new DCI field for TCI selection instead of SRS resource set indicator.

	NTT Docomo
	Yes
	

	ZTE
	Yes with update
	It is not proper to rush into the details of indication way for dynamic switching in this stage. SRS set indicator introduce in Rel-17 MTRP PUSCH TDM repetition is used to indicate four modes: STRP mode with TRP1, STRP mode with TRP2, MTRP mode with {TRP 1, TRP2} order, and MTRP mode with {TRP 2, TRP1} order, where the indicated statues of MTRP order do not make any sense to STxMP mode. On the other hand, unnecessary DCI overhead increased by newly added field should be avoided. Note that two separated but complete TPMI/SRI fields are used for STxMP PUSCH, reversed codepoint or additional codepoint (with 1 bit increasing) can be used to indicate single-panel/TRP mode. Consequently, SRS set indicator field with 2 bits is not needed and its overhead can be saved. That also means it is unreasonable to reuse SRS resource set indicator to indicate dynamic switching between Rel-18 STxMP SDM mode and Rel-15/16 STRP mode.

Regarding the part of maxRank, it is related to the ongoing discussion of issue#3, hence the details should be discussed later.

FL Proposal 1-7: For single-DCI based STxMP PUSCH:
· Support dynamic switching between SDM scheme and Rel-15/16 sTRP transmission
· FFS the indication of dynamic switching.Use the DCI field ‘SRS resource set indicator’ to indicate the switching
· FFS the maxRank when switching to Rel-15/16 sTRP transmission, 
· e.g., the maxRank of Rel-15/16 transmission can be the maxRank of one SRS resource set for STxMP, the maxRank of Rel-15/16 transmision can be the sum of maxRanks of SRS resource sets for STxMP; the maxRank of Rel-15/16 transmission can be separately configured.
· Down-select one from the followings:
· Alt1: Support dynamic switching between SDM scheme and Rel-17 PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Alt2: Support RRC-based switching between SDM scheme and Rel-17 PUSCH TDM scheme


	NEC
	Yes
	Also fine to discuss details like maxRank later.

	Mod
	
	Made  the following updates to proposal 1-7:
· The supporting companies is added to each of Alt1 and Alt2: the positions presented in the Tdoc is added here and the supporting shown in inputted comments are also added. 

@ZTE: using “SRS resource set indicator” is supported by majority companies, from the perspective of moderator, it looks reasonable to go with this method.
@google: whether to introduce new DCI field is still a pending issue in 9.1.1.1 from my understanding.

	Fujitsu
	Yes
	Alt1 is preferred.

	LG
	Yes
	Support Alt 1. In Rel16 PDSCH, dynamic switching between TDM and SDM is already supported for purpose of fast switching when both URLLC TB and eMBB TB are in DL traffic buffer. We can achieve the benefit in UL as well with Alt 1.

	Samsung
	Can support but later
	We think this issue should be discussed after determining whether to support SFN scheme. We can consider switching between SDM and SFN as well as Rel-15/16 sTRP transmission. 

	MediaTek
	Yes
	Regarding maxRank configuration, we show our view in Issue#3. One maxRank configuration only is needed for all the PUSCH transmission regardless of  PUSCH(s) to single TRP and PUSCH(s) to multiple TRP. 

	Spreadtrum
	Yes
	Support Alt2, since STxMP and TDM-based transmission schemes target different use cases, i.e. SDM scheme for throughput enhancement and TDM-based scheme for reliability.

	OPPO
	Yes
	For second main bullet: support Alt 2.

	Fraunhofer IIS/HHI
	Yes
	Support Alt2

	Xiaomi
	Yes
	Support Alt.2 for the simplicity of signaling design

	Apple
	Yes
	Support Alt2

	Mod 3
	
	Updated the list of supporting companies according to latest comments.

	Intel
	Yes
	Prefer Alt2.

	Huawei, HiSilicon
	Yes with update
	First bullet: Support but we prefer to remove the example. The FFS for maxRank is sufficient. 

Second bullet: Support Alt 2. For uplink mTRP, one prerequisite for DCI-based dynamic switching between PUSCH repetition and STxMP PUSCH SDM is that the SRS resources for uplink channel acquisition can be shared by these two transmission modes so that the channel information for both schemes are available at the network side so the gNB can dynamically select either of them by DCI. However, the Rel-17 TDM based PUSCH repetition supports up to 4-layer transmission, which means the largest number of SRS antenna ports configured in the SRS resource set for codebook-based transmission can be 4. On the other hand, in STxMP PUSCH SDM scheme, since maximum of {2+2} layers are supported, UE is likely to be configured with 2-port SRS resources in the SRS resource set associated to each UE panel. In this case, the SRS configurations for the two transmission modes are not the same and, therefore, two different sets of SRS resource configuration (a total of 4 SRS resources sets) needs to be configured to UE to perform dynamic switching between PUSCH TDM repetition and STxMP PUSCH SDM. Considering the potential impact on both UE and NW complexity, we propose not to support this feature in Rel-18.

Note that the size of TMPI/SRI fields in these two schemes would be different. To resolve the ambiguity in the DCI size, further specification effort is required which further justifies the more straightforward scheme in Alt2. 

We suggest:

FL Proposal 1-7 (updates): For single-DCI based STxMP PUSCH:
· Support dynamic switching between SDM scheme and Rel-15/16 sTRP transmission
· Use the DCI field ‘SRS resource set indicator’ to indicate the switching
· FFS the maxRank when switching to Rel-15/16 sTRP transmission, 
· e.g., the maxRank of Rel-15/16 transmission can be the maxRank of one SRS resource set for STxMP, the maxRank of Rel-15/16 transmision can be the sum of maxRanks of SRS resource sets for STxMP; the maxRank of Rel-15/16 transmission can be separately configured.
· Down-select one from the followings:
· Alt1: Support dynamic switching between SDM scheme and Rel-17 PUSCH TDM scheme


	ZTE2
	
	@FL, SRS resource set indicator introduced in Rel-17 is used to indicate the association between TPMI/SRI field and SRS resource set. In issue#3, we haven’t reach any details of TPMI/SRI field and SRS resource set configuration, it makes no sense to conclude that SRS resource set indicator for Rel-17 MTRP PUSCH TDM repetition can be reused in Rel-18 STxMP SDM scheme. The indication of dynamic switching between STxMP and TxSP should wait the outcome of issue#3 anyways. Likewise, maxRank of STxMP and TxSP is the same case.

FL Proposal 1-7: For single-DCI based STxMP PUSCH:
· Support dynamic switching between SDM scheme and Rel-15/16 sTRP transmission
· FFS the indication of dynamic switching.Use the DCI field ‘SRS resource set indicator’ to indicate the switching
· FFS the maxRank when switching to Rel-15/16 sTRP transmission, 
· e.g., the maxRank of Rel-15/16 transmission can be the maxRank of one SRS resource set for STxMP, the maxRank of Rel-15/16 transmision can be the sum of maxRanks of SRS resource sets for STxMP; the maxRank of Rel-15/16 transmission can be separately configured.
· Down-select one from the followings:
· Alt1: Support dynamic switching between SDM scheme and Rel-17 PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Support: vivo, LG, CATT, Fujitsu, Nokia, InterDigital
· Alt2: Support RRC-based switching between SDM scheme and Rel-17 PUSCH TDM scheme
· Support: Huawei/HiSilicon, ZTE, Spreadtrum, QC, OPPO, Fraunhofer IIS/HHI, Xiaomi, Apple


	MediaTek
	Yes
	Support Alt1

	CATT
	Yes
	Support using SRS resource set indicator.

	Vivo
	Yes
	We are generally ok with the proposal, UE capability on maxrank for SDM and sTRP needs further discussion
Regarding the second bullet, we are OK with both Alt1 and Alt2.

	Panasonic
	Yes
	We are okay with alt1 (if no overhead, like for example if we agree to different CDM groups) and alt2. 

	Ericsson
	No?
	This is unclear: the first bullet refers to R15/16, and the second to R17. Is it the same? Or different?




Summary of round 1
The proposal 1-7 seem to be ok with majority company and some wording changes were suggested. The proposal will be updated with the wording change for round 2 discussion. 
Re the latest comments by Ericsson: The proposal 1-7 is about switch between SDM vs Rel-15/16 sTRP and switch between SDM vs Rel-17 TDM. Wording will be refined to make it clearer.
Re the comment of Samsung: this issue is about the switch between SDM vs existing schemes. If SFN is agreed, we will need to discuss how to switch between SFN vs all other schemes. It seems there is no reason to not make decision for SDM now.
Proposal for Round 2 Discussion
Here is the updated proposal 1-7:
Updated Proposal 1-7: For single-DCI based STxMP PUSCH:
· Support dynamic switching between SDM scheme and Rel-15/16 sTRP transmission
· [FFS the indication of dynamic switching] vs [Use the DCI field ‘SRS resource set indicator’ to indicate the switching]
· FFS the maxRank when switching to Rel-15/16 sTRP transmission, 
· e.g., the maxRank of Rel-15/16 transmission can be the maxRank of one SRS resource set for STxMP, the maxRank of Rel-15/16 transmision can be the sum of maxRanks of SRS resource sets for STxMP; the maxRank of Rel-15/16 transmission can be separately configured.
· For the switch between SDM scheme and Rel-17 PUSCH TDM scheme, down-select one from the followings:
· Alt1: Support dynamic switching between SDM scheme and Rel-17 PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Alt2: Support RRC-based switching between SDM scheme and Rel-17 PUSCH TDM scheme

Comments on Updated Proposal 1-7: 
	Company 
	Support (Yes/No)
	Comments

	QC
	
	It seems super majority of companies are ok with using “SRS resource set” field to indicate the switching. If the concern is issue #3 (whether 2 SRS resource sets are supported), then we can decide on this proposal after Proposal 1-3.

	LG
	
	Same view with QC.

	NTT Docomo
	Yes
	We are fine with this proposal. Meanwhile, we share similar view as QC that it would be good if we can agree on using “SRS resource set indicator”

	Fujitsu
	Yes
	We are also fine if agreeing on using SRS resource set indicator.

	MediaTek
	
	It is very clear that using “SRS resource set indicator” is majority. However, some companies have concern on agreeing to use SRS resource set indicator before Proposal 1-3 is decided. We are fine to decide this proposal after Proposal 1-3 is finalized.

	CATT
	
	Same as the view in round1 discussion. We support to use SRS resource set indicator.

	ZTE
	Yes
	

	OPPO
	
	The proposal is fine for us. But it would be good if ‘SRS resource set indicator’ can be used for the indication of dynamic switching.

	Xiaomi
	
	Same view as QC.

	InterDigital
	Yes
	

	Intel
	Yes
	

	Huawei, HiSilicon
	
	Similar to other companies, we strongly prefer to use the DCI field ‘SRS resource set indicator’ to indicate the switching. If the consensus is not achievable on this, we are OK with the current form. 

	Spreadtrum
	Yes
	Support this updated proposal and prefer to reuse SRS resource set indicator field.

	Nokia
	Yes
	Agree with QC comment. 

	Samsung
	
	We think ‘Rel-15/16’ is unclear (field in DCI should be same as Rel-15/16? or other ambiguity). We suggest to modify the proposal as follow:
Updated Proposal 1-7: For single-DCI based STxMP PUSCH:
· Support dynamic switching between SDM scheme and Rel-15/16 sTRP transmission
· FFS the indication of dynamic switching, Use the DCI field ‘SRS resource set indicator’ to indicate the switching
· FFS the maxRank when switching to Rel-15/16 sTRP transmission, 
· e.g., the maxRank of Rel-15/16 transmission can be the maxRank of one SRS resource set for STxMP, the maxRank of Rel-15/16 transmision can be the sum of maxRanks of SRS resource sets for STxMP; the maxRank of Rel-15/16 transmission can be separately configured.
· For the switch between SDM scheme and Rel-17 PUSCH TDM scheme, down-select one from the followings:
· Alt1: Support dynamic switching between SDM scheme and Rel-17 PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Alt2: Support RRC-based switching between SDM scheme and Rel-17 PUSCH TDM scheme

We are also fine with reusing SRS resource set indicator for the switching between SDM and sTRP transmission.

	Lenovo
	
	We support to use SRS resource set indicator for the switching between SDM and sTRP scheme.

	Mod
	
	@Samsung, your suggestion is implemented in the proposal, just a simple wording change. 
@Qualcomm: regarding how to indicate dynamic switch, ZTE seems to have other design in mind instead of the majority view of using “SRS resource set indicator”.  That is why it is FFS now. 
@ZTE: could you be flexible to be ok with “SRS resource set indicator” considering that all the other companies view of using ‘SRS resource set indicator’ and proposal 1-3 is stable in the email?



Summary of Round 2
The first part of Proposal 1-7 is agreed in Friday GTW and the second part of switching between SDM vs Rel-17 TDM is still pending
Proposal for Round 3 Discussion
Here is the proposal on SDM vs Rel-17 TDM from the GTW session:
Proposal 1-7B: 
For the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme, down-select one from the followings:
· Alt1: Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Note: It is up to gNB implementation to configure SDM scheme or Rel-17 mTRP PUSCH TDM scheme or both of them in RRC. Dynamic switching between them is only when both schemes are configured in RRC.
· Alt2: Support RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme

Comments on Proposal 1-7B: 
	Company 
	Support (Yes/No)
	Comments

	QC
	
	Support

	ZTE
	Yes with updates.
	According to companies contributions and comments in this meeting, it is Rel-17 MTRP PUSCH TDM scheme and which should be accurately captured in this proposal to avoid any ambiguity.
Proposal 1-7B: 
For the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 MTRP PUSCH TDM scheme, down-select one from the followings:
· Alt1: Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 MTRP PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Alt2: Support RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 MTRP PUSCH TDM scheme

	CATT
	Yes
	Support alt1 regarding the dynamic switching.

	LG
	Yes
	Support alt1.

	NTT Docomo
	Yes
	Support ZTE’s update

	OPPO
	Yes
	Support the proposal. It is fine to down-select between alt1 and alt2 in next meeting.

	Panasonic
	
	The proposal makes it sound like if Alt1 is selected, then switching via RRC won’t be supported? Perhaps we should just check whether dynamic switching is supported or not. 

Clarification question: Does Rel-17 mTRP TDM scheme necessarily restrict the UE to use single panel at each repetition? Should this be added to the proposal?
But we are okay with downselecting if FL sees the situation differently. 

	Mod
	
	The wording in proposal is updated according to the comments of ZTE.
@Panasonic: Thanks for your question.  For the first question, I guess what you mean if the scheme can still be configured in RRC. The answer is yes. If Alt1 is supported, then gNB can configure (1) only SDM in RRC (2) only TDM in RRC or (3) both SDM and TDM in RRC, when both SDM and TDM are configured in RRC, then gNB can use some method, for example through DCI to dynamically switch between them.     For your second question: how to transmit mTRP TDM scheme with UE panel is up to UE implementation. As you can see in the spec, for rel17 TDM scheme, the UE is provided with two spatial relation infos and the UE applies the spatial relation info on each PUSCH transmission occasions alternatively. But how to map the spatial relation info is part of UE implementation. So far, Alt1 and Alt2 are two options provided in tdocs, that is why Mod proposed to downselect between them in next meeting. 

	Samsung
	Yes
	Support FL’s proposal. For ZTE’s update for Rel-17 MTRP PUSCH TDM, it can restrict to support STRP PUSCH TDM according to SRS resource set indicator if RRC based switching is supported like Alt2 (for example). Considering current stage, we prefer to keep any option for switching between Rel-18 based STx2P scheme and Rel-17 based TDM scheme. 

	Spreadtrum
	
	For Alt1, according to the FL reply, it is understood that when both SDM and TDM are configured by RRC, whether dynamic switching is supported. Thus, maybe the wording in proposal can be updated to avoid the ambiguity.

Proposal 1-7B: 
For the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme, down-select one from the followings:
· Alt1: Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme when these two schemes are configured by RRC
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number
· Alt2: Support only RRC-based switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme


	MediaTek
	Yes
	Fine with FL’s proposal and Spreadtrum’s proposal

	vivo
	yes
	On the clarification question from Panasonic, Rel-17 mTRP TDM scheme does not necessarily restrict the UE to use single panel at each repetition however the rank indication is restricted (same rank) with two TPMI/SRI fields.

	Huawei/HiSilicon
	Yes
	OK and we support Alt 2. 

As explained in the first round, we have some serious concerns regarding Alt1: For uplink mTRP, one prerequisite for DCI-based dynamic switching between PUSCH repetition and STxMP PUSCH SDM is that the SRS resources for uplink channel acquisition can be shared by these two transmission modes so that the channel information for both schemes are available at the network side so the gNB can dynamically select either of them by DCI. However, the Rel-17 TDM based PUSCH repetition supports up to 4-layer transmission, which means the largest number of SRS antenna ports configured in the SRS resource set for codebook-based transmission can be 4. On the other hand, in STxMP PUSCH SDM scheme, since maximum of {2+2} layers are supported, UE is likely to be configured with 2-port SRS resources in the SRS resource set associated to each UE panel. In this case, the SRS configurations for the two transmission modes are not the same and, therefore, two different sets of SRS resource configuration (a total of 4 SRS resources sets) needs to be configured to UE to perform dynamic switching between PUSCH TDM repetition and STxMP PUSCH SDM. Considering the potential impact on both UE and NW complexity, we propose not to support this feature in Rel-18.

Note that the size of TMPI/SRI fields in these two schemes would be different. To resolve the ambiguity in the DCI size, specification effort is required which further justifies the more straightforward scheme in Alt2. 


	NEC
	Yes
	Support the proposal. And Alt2 is the basic operation in our understanding since anyway the transmission mode needs to be RRC configured.

	Lenovo
	
	We support Alt1.
sTRP PUSCH TDM scheme supported in Rel-17 should be considered as well in this proposal.


	ZTE2
	
	@Lenovo: To our understanding, the following agreement endorsed in GTW session has already capture the switching between Rel-18 STxMP PUSCH SDM scheme and Rel-17 sTRP PUSCH TDM scheme.

Agreement
Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission
· FFS the indication of dynamic switching
· FFS: max number of layers when switching to sTRP transmission

	Ericsson
	No
	We think that Alt2 must be supported default, since it must be possible to configure the UE not to perform Rel-17 TDM instead of STxMP, and that is done via RRC. Propose the following modification:
For RRC-based the switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme is supported,
· Further study Support dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and Rel-17 mTRP PUSCH TDM scheme
· FFS: how to support dynamic switching, e.g., using the indicated PUSCH repetition number



	Xiaomi
	Yes
	Support Alt.2

	InterDigital
	Yes
	OK for down-selection in the next meeting

	Intel
	Yes
	

	Mod
	
	Thanks for all the comments. 
@Ericsson, Alt1 does not mean that Rel-17 TDM must be configured. Alt1 means that if Both Rel-17 TDM and Rel-18 SDM are configured in RRC, the gNB can use DCI to dynamically indicate which scheme is applied to the scheduled PUSCH transmission.  With Alt1, the gNB can still configure only Rel-17 TDM or only Rel-18 SDM scheme in RRC.  To resolve your concerns, one sub-bullet of note is added to the proposal under Alt1.



Multi-DCI based STxMP PUSCH
(Closed) Issue #1: Support multi-DCI based STxMP PUSCH+PUSCH
Summary
It was agreed to study the multi-DCI based STxMP PUSCH+PUSCH, where two PUSCHs associated with different TRPs can be transmitted simultaneously from different UE panels and the total number of these two overlapping PUSCHs is up to 4.
	[109e] Agreement
For multi-DCI based STxMP PUSCH+PUSCH transmission, study and evaluate the following aspects:
· Two PUSCHs are associated with different TRPs and transmitted from different UE panels. The total number of layers of these two PUSCHs is up to 4.
· Study STxMP of PUSCH+PUSCH transmission where it is some combination of DG-PUSCH, CG-PUSCH and msg3/msgA PUSCH.
· The overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are to be studied and justified for PUSCH+PUSCH.
Note: The above study shall take into account the UE implementation and RF considerations.
Note: Study the conditions required for STxMP PUSCH+PUSCH.
Note: Other aspects are not precluded.



In the contributions, many companies support or are ok with multi-DCI based STxMP PUSCH+PUSCH: 
· Huawei/HiSilicon, ZTE, Spreadtrum, vivo, Ericsson, Lenovo, OPPO, Google, LG, CATT, Intel, Xiaomi, CMCC, MediaTek, Fraunhofer IIS, Fraunhofer HHI, NTT DOCOMO, Qualcomm, Panasonic, Nokia.

And Nokia provided SLS simulation results:
	Nokia
· SLS simulation, Spectral efficiency and Resource utilization
· Single panel UE vs UE with panel selection vs UE with STxMP
[image: ][image: ]
[bookmark: _Ref115436856]Figure 6: System Level Simulation results comparing STxMP with single-panel UEs and two-panel Ues with panel selection: Mean UE SE (left) and Edge UE SE (right) versus traffic load for FTP model 1.

[image: ]
[bookmark: _Ref115436869]Figure 7 : System Level Simulation results comparing STxMP with single-panel Ues and two-panel Ues with panel selection:  Resource Utilization versus traffic load for FTP model 1
Observation 23: For the dense urban scenario, STxMP provides gains in mean UE throughput over panel selection only at low traffic loads.  For edge UE throughput, STxMP provides a loss at all evaluated loads.  
Observation 24: At low traffic loads STxMP can provide benefits by enabling the use of system resources that would otherwise have been idle.  However, at high traffic loads, the scheduling constraints imposed by STxMP on two TRPs often result in the sub-optimal allocation of the resources controlled by the two TRPs.



Proposal for discussion
According to the views in contribution, the following companies showed supporting or are ok STxMP PUSCH+PUSCH in multi-DCI based system:
· Huawei/HiSilicon, ZTE, Spreadtrum, vivo, Ericsson, Lenovo, OPPO, Google, LG, CATT, Intel, Xiaomi, CMCC, MediaTek, Fraunhofer IIS, Fraunhofer HHI, NTT DOCOMO, Qualcomm, Panasonic, Nokia.
Therefore, the following proposal is made and it proposes to support the multi-DCI based STxMP PUSCH+PUSCH transmission.
FL Proposal 2-1 Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be transmitted from differentby a UE panels simultaneously in same active BWP. 
· The total number of layers of these two PUSCHs is up to 4.
· FFS: whether the number of layers of each of these two PUSCHs is up to 2.
Companies’ views: 
	Company 
	Support (Yes/No)
	Comments

	QC
	Yes
	Similar to our earlier comment, “TRP” and “panel” are not defined. For multi-DCI, we should use coresetPoolIndex, which is already defined. However, it is ok to keep the current text if it is common understanding (that we are not going to define a new framework for multi-DCI)

	Nokia/NSB
	Yes
	Support FL’s proposal.

	InterDigital
	Yes
	Support FL’s proposal. 

	Lenovo 
	Yes
	Support FL proposal.

	Google
	Yes with modification
	For mDCI, we think we should restrict the number of layers per PUSCH to be 2 instead of the total number of layers.

· Two independent PUSCHs associated with different TRPs can be transmitted from different UE panels simultaneously in same active BWP. 
· The total number of layers of these twoper PUSCHs is up to 24.


	NTT Docomo
	Yes
	

	ZTE
	Yes
	BTW, we don’t see the reason why per panel transmission layers should be specified. MDCI based STxMP scheme is irrelated with SDCI based STxMP SDM scheme. The original wording of second bullet is clear enough to be inline with WID.

	NEC
	Yes
	

	Mod
	
	@QC: some companies might have concern to use “coresetPoolIndex” directly for the current moment. That is why the general term “panel” is used here. 
@google: per the WID, the total number of layers of STxMP PUSCHs is up to 4. However, whether each number of layers in each PUSCH shall be limited to 2 is not decided yet. I think for your concern, we can add FFS on this.

Thus, the proposal is updated per Google’s comment.

	Fujitsu
	Yes
	

	LG
	Yes
	

	Samsung
	
	Our preference is focusing sDCI STx2P first. However, if majority supports this, we are okay with this. 

	MediaTek
	Yes with update
	Agree with QC’s comment.
We suggest have the following updated proposal:
FL Proposal 2-1 Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be simultaneously transmitted from different UE panelsby a UE simultaneously in same active BWP. 
· The total number of layers of these two PUSCHs is up to 4.
· FFS: whether the number of layers of each of these two PUSCHs is up to 2.


	Spreadtrum
	Yes
	Support FL’s proposal.

	OPPO
	Yes
	Support FL’s proposal.

	Fraunhofer IIS/HHI
	Yes
	

	Xiaomi
	Yes
	Support FL’s proposal

	Mod 3
	
	Update the Proposal according the comment by MediaTek and QC:
@QC and MediaTek: the wording of “UE panel” was deleted
@MediaTek: you suggested to delete “associated with different TRP”. About that, my understanding is we need this clarification because we cannot ask the UE to transmit two PUSCHs associated with the same CORESETPoolIndex value at that same time, right?

	Intel
	Yes
	For the FFS, we think it may not be necessary to limit to 2 layers per panel.

	Huawei, HiSilicon
	
	Support FL’s proposal.

	MediaTek
	Yes
	Regarding “associated with different TRP”, we are fine with it now. However, since “TRP” is not defined in spec, how to differentiate that two PUSCHs are associated with the same TRP or different TRPs need to be further discussed.

· FFS: how to determine that two PUSCHs are associated with different TRPs?


	CATT
	Yes
	

	vivo
	Yes
	We suggest to use SRS resource sets instead of UE panels which will not be reflected in spec. The association between SRS resource sets and TRPs is discussed in proposal 2-4.  

FL Proposal 2-1 Support STxMP PUSCH+PUSCH transmission in multi-DCI based system in Rel-18. 
· Two independent PUSCHs associated with different TRPs can be transmitted from different SRS resource setsUE panels simultaneously in same active BWP.
· The total number of layers of these two PUSCHs is up to 4.
· FFS: whether the number of layers of each of these two PUSCHs is up to 2.


	Panasonic
	Yes
	Support

	Ericsson
	Yes
	Why should the specification limit this to totally 4 layers?
Also, it would seem strange to limit this number of layers per PUSCH to 2.

	Mod 4
	
	@Ericsson, limiting to 4 layers seems to be from the WID. 



Issue #2: Types of PUSCH supported in STxMP PUSCH
Summary
It was agreed to study the combination of PUSCH types that can be supported in multi-DCI based STxMP PUSCH+PUSCH.
	[109e] Agreement
For multi-DCI based STxMP PUSCH+PUSCH transmission, study and evaluate the following aspects:
· Two PUSCHs are associated with different TRPs and transmitted from different UE panels. The total number of layers of these two PUSCHs is up to 4.
· Study STxMP of PUSCH+PUSCH transmission where it is some combination of DG-PUSCH, CG-PUSCH and msg3/msgA PUSCH.
· The overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are to be studied and justified for PUSCH+PUSCH.



In the contributions, the following views are provided for this issue:
· Spreadtrum: Support the combination of DG-PUSCH+DG-PUSCH, DG-PUSCH+CG-PUSCH and CG-PUSCH+CG-PUSCH
· vivo: Further study the conditions required for simultaneous transmission for the overlapped DG-PUSCHs/CG-PUSCHs/DG-PUSCH+CG-PUSCH
· Ericsson: Do not allow simultaneouos transmission of msg3/msgA and PUSCH using different panels and Further consider allowing STxMP of CG-PUSCH+DG-PUSCH transmission
· CATT: The following combinations of PUSCHs are supported for STxMP transmission: DG PUSCH and DG PUSCH, DG PUSCH and type 1/2 CG PUSCH and ype 1/2 CG PUSCH and type 1/2 CG PUSCH
· Intel: For multi-DCI based STxMP PUSCH + PUSCH transmission, DG + DG PUSCH, CG + CG PUSCH, and DG + CG PUSCH can be supported
· Xiaomi: Support the enhancement of DG-PUSCH and CG-PUSCH combinations for multi-DCI based the simultaneous transmission
· MediaTek: Support DG-PUSCH+DG-PUSCH, DG-PUSCH+CG-PUSCH, and CG-PUSCH+CG-PUSCH, do not support Msg3/MsgA.
· NTT DOCOMO: Support simultaneous transmission of overlapped DG PUSCH+DG PUSCH, CG PUSCH+PUSCH and DG PUSCH+CG PUSCH
· Qualcomm: support DG-PUSCH+DG-PUSCH, CG-PUSCH+CG-PUSCH, and DG-PUSCH+CG-PUSCH
· Nokia: Support both simultaneous DG-PUSCH transmission and CG-PUSCH transmission in Rel-18

FL: all the provided views support both DG-PUSCH and CG-PUSCH and no companies supports the msg3/msgA PUSCH in multi-DCI based STxMP PUSCH+PUSCH.
Proposal for discussion
Based on the views in contribution, the following proposal is made:
FL Proposal 2-2 Multi-DCI based STxMP PUSCH+PUSCH transmission supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + CG-PUSCH
· CG-PUSCH + DG-PUSCH
Note: Here the CG-PUSCH could be a type 1 CG-PUSCH or type 2 CG-PUSCH.
Companies’ views: 
	Company 
	Support (Yes/No)
	Comments

	QC
	Support
	

	Nokia/NSB
	Yes
	Support FL’s proposal.

	InterDigital
	Yes
	Support FL’s proposal. 

	Lenovo
	Yes
	Support FL proposal.

	Google
	Yes 
	

	NTT Docomo
	Yes
	

	ZTE
	
	We can be fine if majority prefer.

	MediaTek
	Yes
	

	Spreadtrum
	Yes
	Support FL’s proposal. 

	OPPO
	Yes
	Support FL’s proposal. 

	Xiaomi
	Yes
	Support FL’s proposal. 

	Intel
	Yes
	Support the FL Proposal.

	Huawei, Hisilicon
	Yes
	Support FL’s proposal.

	CATT
	Yes
	Support FL’s proposal

	vivo
	Yes
	

	Samsung
	Yes
	Support FL’s proposal.

	Ericsson
	No
	The scheduling decision must be based on a recent report, which states if STxMP is possible or not. A dynamic scheduling decision can then be made. If CG is included, we will need to handle prioritization and dropping.



Summary of round 1
QC, Nokia/NSB, InteDigital, Lenovo, Google, NTT Docomo, ZTE, MediaTek, Spreadtrum, OPPO, Xiaomi, Intel, Huawei, Hisilicon, CATT, vivo, Samsung support the proposal.
But Ericsson showed the concern on CG PUSCH. They explained that if CG included, we might need handle prioritization and dropping. For that, from the understanding of moderator, it is more like a system implementation issue and furthermore, HARQ retransmission can be used to pick up the failed PUSCH transmission, as in all the usual PUSCH transmission. 
Given the inputs in round 1, Moderator would suggest to put Proposal 2-2 in email endorsement
Round 2 on this issue was in email
Summary of Round 2
In the email, Ericsson explained that setting up CG, where the NW does not control every individual transmission may lead to complications, and before those are resolved, they prefer not to support CG+DG or CG+CG. And Ericsson also proposed the following revision of the proposal:
	Proposal 2-2 Multi-DCI based STxMP PUSCH+PUSCH transmission supports the following PUSCH combinations if the two PUSCHs are associated with different TRPs:
· DG-PUSCH + DG-PUSCH
Further study how the NW could determine that STxMP is possible for the following combinations:
· CG-PUSCH + CG-PUSCH
· CG-PUSCH + DG-PUSCH
Note: Here the CG-PUSCH could be a type 1 CG-PUSCH or type 2 CG-PUSCH.


 
Per my understanding, Ericsson’s concern is more about Type 1 CG PUSCH.   Type 1 CG PUSCH is configured/indicated through RRC. When the channel condition changes, system might not be able to change the configuration of CG PUSCH quickly enough.  
Proposal of Round 3 Discussion
Regarding the issue of gNB changing the indication/configuration of CG-PUSCH in STxMP PUSCH+PUSCH when the channel condition changes, my understanding is Type 1 CG-PUSCH + Type 1 CG-PUSCH might face the reconfiguration latency. But all other PUSCH+PUSCH combinations are ok because DG-PUSCH is scheduled through DCI and Type 2 CG-PUSCH is activated/deactivated through DCI too. When the channel condition changes, the gNB is able to change the indication of PUSCH quickly through DCI scheduling, DCI deactivation/activation.
Therefore, I think we can first agree on all PUSCH+PUSCH combination other than the Type 1 CG-PUSCH + Type 1 CG-PUSCH. And make an WA on the combination of Type 1 CG-PUSCH + Type 1 CG-PUSCH.
Updated FL Proposal 2-2 Multi-DCI based STxMP PUSCH+PUSCH transmission supports the following PUSCH combinations:
· DG-PUSCH + DG-PUSCH
· CG-PUSCH + CG-PUSCH other than Type 1 CG-PUSCH + Type 1 CG-PUSCH
· CG-PUSCH + DG-PUSCH
· (WA) Type 1 CG-PUSCH + Type 1 CG-PUSCH
Note: Here the CG-PUSCH could be a type 1 CG-PUSCH or type 2 CG-PUSCH.
Comments on Updated Proposal 2-2: 
	Company 
	Support (Yes/No)
	Comments

	QC
	
	We think WA is not needed (it should be an agreement) unless if the issue is clarified in more detail. Unified TCI is able to address beam update for both DG and CG. We asked a question in Email, but did not see any response so far.

	ZTE
	Yes
	

	CATT
	Yes
	

	NTT Docomo
	Yes
	

	OPPO
	Yes
	

	Panasonic
	Yes
	

	Samsung
	
	Considering companies’ concern, we prefer to keep (WA) for further study. 

	Spreadtrum
	Yes
	

	MediaTek
	Yes
	

	vivo
	Yes
	One comment is on CG-PUSCH + DG-PUSCH
Is it necessary to clarify other than Type 1 CG-PUSCH here as well?

	Lenovo
	Yes
	

	Ericsson
	No
	Even if the UE always include two beams in a beam report, there is nothing that states that successful communication is possible. For dynamic scheduling, this is not (necessarily) a problem: the NW can always choose to enable STxMP or not, on a per scheduling instance.
For CG, this is not anymore possible. The UE will continue to transmit PUSCH in UL until is instructed to stop.

	Mod
	
	Copy the latest comments of QC from the emails to here:
The first email:
	Dear Claes, all,

It seems your concern is different than what I originally thought. Thanks for clarifying.

We have the following questions / comments:
· Regarding CU-DU split, it is not necessary to change the RRC configurations (of CGs) in response to every L1 beam report. It is only sufficient to change the indicated beam pairs for UL (for both CG and DG)
· In the above bullet, I am assuming that UE always reports at least one beam pair with group-based beam management. At least for simultaneous reception, this is the case for both Rel-15 and Rel-17 versions. Do you envision a different framework for group-based beam report for STxMP?

Best Regards,
Mostafa




The second email:
	I see the following from Ericsson in the draft folder, which I assume is in response to my questions in the previous Email:

Ericsson: Even if the UE always include two beams in a beam report, there is nothing that states that successful communication is possible. For dynamic scheduling, this is not (necessarily) a problem: the NW can always choose to enable STxMP or not, on a per scheduling instance.
For CG, this is not anymore possible. The UE will continue to transmit PUSCH in UL until is instructed to stop.

I still do not fully get the concern, which seems to challenge the Type1 CG feature itself (irrespective of STxMP). Even in legacy CSI reporting, UE may report a lower CQI wrt the MCS configured for CG, or a smaller rank than what is configured for the CG, etc. The UE will continue to transmit PUSCH in UL with the previously configured MCS/rank until is instructed to stop (which is possible only with RRC). This is ok because that’s the property of Type 1 CG (this is a feature, not a bug).
As mentioned before, it is not necessary to change the RRC configurations of Type1 CG in response to every L1 beam report. It is only sufficient to change the indicated beam pairs, which is possible with unified TCI w/o the need for RRC reconfiguration.




	Xiaomi
	Yes
	

	Intel
	Yes
	

	Mod
	
	Thanks for the comments.
@vivo: for CG-PUSCH + DG-PUSCH, I think the potential concern on Type 1 CG-PUSCH does not exist since the gNB can always stop scheduling the DG-PUSCH when they find DG-PUSCH+ Type 1 CG-PUSCH is not feasible.  The only concern is for the case of Type 1 CG-PUSCH + Type 2 CG-PUSCH because both PUSCHs are configure in RRC and it takes the RRC latency to re-configure either one of them



Issue #3: Overlapping Types in time domain and frequency domain
Summary
It was agreed to study the overlapping type(s) in time domain and frequency domain for multi-DCI based STxMP PUSCH+PUSCH transmission:
	[109e] Agreement
For multi-DCI based STxMP PUSCH+PUSCH transmission, study and evaluate the following aspects:
· Two PUSCHs are associated with different TRPs and transmitted from different UE panels. The total number of layers of these two PUSCHs is up to 4.
· Study STxMP of PUSCH+PUSCH transmission where it is some combination of DG-PUSCH, CG-PUSCH and msg3/msgA PUSCH.
· The overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are to be studied and justified for PUSCH+PUSCH.
Note: The above study shall take into account the UE implementation and RF considerations.
Note: Study the conditions required for STxMP PUSCH+PUSCH.
Note: Other aspects are not precluded.



In the contributions, the following views are provided for this issue:
· Huawei/HiSilicon: Two PUSCHs can be scheduled respectively by the two TRPs with fully/partially/non-overlapping resources in time/frequency domains in the same carrier.
· ZTE: fully or partially overlapping in time/frequency domain can be allowable
· Spreadtrum: Support the overlapping types of fully/partially overlapping in time domain and fully/partially/non-overlapping in frequency domain
· Vivo: for STxMP transmission, three scheduled PUSCH frequency-domain patterns can be considered with non-overlapped, partially-overlapped, and fully overlapped in frequency domain for two PUSCHs overlapping in the time domain
· Lenovo: scheduling two fully/partial/non-overlapped PUSCH transmissions
· OPPO: For multi-DCI based PUSCH transmissions, fully overlapping in time domain and fully/partial/non-overlapping in frequency domain are supported with high priority
· Google: For mDCI based STxMP on PUSCH, support to multiplex the PUSCHs triggered by two DCIs with partially and fully overlapped resources
· LG: In order to avoid symbol level PUSCH power control, consider scheduling restriction for time domain fully overlapped PUSCHs
· CATT: Fully/partially overlapping in time domain, Fully/partially/non-overlapping in frequency domain
· MediaTek: The two PUSCHs can be fully/partially overlapped in time domain and fully/partially/non overlapped in frequency domain
· Fraunhofer IIS, Fraunhofer HHI : Allow for fully/partially/non-overlapping transmissions in time and frequency domain for simultaneous PUSCH transmission from multiple panels
· Qualcomm: Support all overlapping types of fully/partially in time domain and fully/partially/non-overlapping in frequency domain (similar to PDSCH overlap in Rel-16 and subject to UE capability)
· Nokia: For multi-DCI, support all possible overlapping options, (i.e. fully/partial in time and fully/partial/non-overlapping in frequency), among separately scheduled simultaneous multi-panel transmissions

FL Note: it can be observed most of companies support fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain. However, Huawei/HiSilicon explained that partially overlapped PUSCH might cause symbol-level power adjustment, which may cause additional UE complexity. OPPO also mentioned that partially overlapping in time domain might increase the UE complexity due to power control. LG suggested to consider fully overlapping in time domain to avoid symbol level PUSCH power control. Per the understanding of FL, if the max Tx power is per UE (i.e., Max Tx power option 1), the symbol-level power adjustment might happen since the power is shared among two PUSCHs. But if the max Tx power is per panel (i.e, max Tx power option 2), the symbol-level power adjustment might not happen since the Tx power is applied to each PUSCH separately. To progress, FL suggest to go with all the overlapping types per the views of majority companies and FFS on how to handle the potential symbol-level adjustment issue.
Proposal for discussion
Based on the views, the following proposal is made:
FL proposal 2-3: The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS how to handle the potential symbol-level PUSCH power adjustment that could happen when two PUSCHs are partially overlapped in time domain.
· Note: No symbol-level power adjustment in the case of partially overlapping in time domain

Companies’ views: 
	Company 
	Support (Yes/No)
	Comments

	QC
	
	FFS is not needed. LS is already sent to RAN4 regarding power sharing (it is unlikely that RAN4 replies that power sharing is needed with respect to PCMax). Hence, this can be discussed after we receive the reply from RAN4. 

	Nokia/NSB
	Yes
	Support FL’s proposal.

	InterDigital
	Yes
	Support FL’s proposal. 

	Lenovo
	Yes
	Support FL proposal.

	Google
	Yes
	OK to remove FFS

	NTT Docomo
	Yes
	

	ZTE
	Yes
	

	LG
	Yes with update
	Regarding FFS, it does not have to be symbol-level, which make UE implementation complicated. We prefer make it more general as follows:
FL proposal 2-3: The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS how to handle the potential symbol-level PUSCH power adjustment that could happen when two PUSCHs are partially overlapped in time domain.


	Samsung
	No (especially, partial in time domain)
	We also have a concern on symbol-level power adjustment in partially overlapping case in time domain. Without clear operation for this case, we cannot support partially overlapping case in time domain. 

	MediaTek
	No
	We prefer to not have symbol-level power control that cause large complexity. We support partially overlapping in time-domain without introducing symbol-level power control. Agreed with QC, this issue highly depends on the reply from RAN4, such that we suggest to postpone this issue until getting RAN4’s feedback

	Spreadtrum
	Yes
	Support deleting FFS.

	OPPO
	Yes
	Support FL’s proposal.

	Fraunhofer IIS/HHI
	Yes with update
	Ok with LG’s update

	Xiaomi
	Yes
	Fine with LG’s revision

	Mod 3
	
	Update the proposal as follows according to the latest comments:
· Delete the “symbol-level” in the first sub-bullet per the comments by LG
Samsung and MediaTek have concern on complexity caused by symbol-level power adjustment for partially overlapping in time domain. To resolve their concern, a note is added to clarify that symbol-level power adjustment is not included.

	Intel
	Yes
	Support the FL proposal.

	Huawei, HiSilicon
	
	Support FL proposal

	MediaTek
	Yes
	Ok to current FL proposal

	CATT
	Yes
	Support FL’s proposal.

	Vivo
	Yes
	We share similar views with QC. The FFS should be removed. Whether power sharing is required should be determined by the response LS. If power sharing should be defined, per PUSCH occasion power adjustment is better to avoid the phase consistency of channel estimation.   
FL proposal 2-3: The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS how to handle the potential symbol-level PUSCH power adjustment that could happen when two PUSCHs are partially overlapped in time domain.


	Samsung
	
	@FL: Thank you for the consideration. We have one question for added note. Does it mean partially overlapping case is only supported for power option 2 (max power per panel)? 

	Ericsson
	Yes
	We could also be OK to wait for RAN4 feedback, and to agree on all the other overlap types. 



Summary of Round 1
Samsung and MediaTek showed concern on potential symbol-level power adjustment in the case of partially overlapping in time domain. To relax their concern, sub-bullets were added.  
Proposal for Round 2 Discussion
So here is the latest proposal:
FL proposal 2-3: The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS how to handle the PUSCH power adjustment when two PUSCHs are partially overlapped in time domain.
· Note: No symbol-level power adjustment in the case of partially overlapping in time domain

@Samsung: the added notes do not mean partially overlapping case only support power option 2. I think it means no matter power option 1 or option 2, the power control shall make sure there is no symbol-level power adjustment for the case of partially overlapping in time domain.
@QC and vivo: let us keep the FFS to address the concern of companies on the case of partially overlapping in time domain.
Comments on Updated Proposal 2-3: 
	Company 
	Support (Yes/No)
	Comments

	Apple
	
	It’s not clear to me what added note targets. Does it mean that for the case of partial overlapping in time, symbol level power adjustment is not expected? We still prefer to postpone this discussion after RAN4’s reply.  

	QC
	Yes with revision
	FL proposal 2-3: The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS whether/how to handle the PUSCH power adjustment when two PUSCHs are partially overlapped in time domain (if RAN4 identifies the need for power sharing from PCMAX point of view)
· Note: No symbol-level power adjustment in the case of partially overlapping in time domain


	NTT Docomo
	Yes
	Also fine with QC’s revision

	MediaTek
	Yes
	Okay for QC’s revision

	CATT
	Yes
	Fine with current proposal.

	ZTE
	Yes
	QC’s revision is also fine.

	OPPO
	Yes
	Fine with QC’s revision

	Xiaomi
	Yes
	Fine with QC’s revision

	Intel
	Yes
	OK with QC’s revision.

	Huawei, HiSilicon
	Yes
	OK with FL version. We cannot agree with QC’s version. 
The issue of power adjustment in the case of partial overlap in time is not necessarily related to power sharing. As long as there is a maximum total UE power for the UE class, the  power adjustment in the case of partial overlap  needs to be discussed. 

	QC
	
	@Huawei: The issue is indeed about power sharing or PCMAX. Maximum total UE power for the UE class is RAN4 business, and only the configured max power (PCMAX) is of RAN1’s concern wrt power control.
If this part is controversial, both FFS and Note can be deleted. W/o the red addition, we cannot accept the two sub-bullets.

	Spreadtrum
	
	Fine with the updated proposal from QC.

	Nokia
	Yes 
	Ok with QC addition. 

	Samsung
	Yes
	@FL: Thank you for response. We understood. 
We are fine with either FL’s or QC’s proposal. 

	Lenovo
	Yes
	Fine with QC’s revision

	Mod
	
	@Apple: regarding the note: yes, when PUSCH is overlapping partially in time domain, the UE still apply the same power on all symbols of each PUSCH. For example, 1st PUSCH is on symbols 1~6 and 2nd PUSCH is on symbols 5~8. They overlap on symbols 5 and 6. With the note, for 1st PUSCH, the UE apply the same power level on symbols 1~6 and for 2nd PUSCH, the UE apply the same power level on symbols 5~8.   This note is to address the concerns of companies on high UE complexity caused by symbol-by-symbol power adjustment.

@QC and HW: let us see if we can find a middle ground for the FFS bullet. We keep ‘whether’ here since any study can include “whether to ..” and delete the condition of (if RAN4…).  This detailed condition would introduce more discussion, which I think shall be part of next level discussion. So how about this:
· FFS whether/how to handle the PUSCH power adjustment when two PUSCHs are partially overlapped in time domain (if RAN4 identifies the need for power sharing from PCMAX point of view)



	QC
	
	We cannot accept removing the condition of (if RAN4…).  LS has been already sent to RAN4. The FFS is relevant only if RAN4 identified the need for power sharing wrt PCMAX. Otherwise, there is no need for FFS or the note. The addition in red is technically accurate, procedurally the right thing to do, and is supported by super majority of companies. 



Summary of Round 2
The FFS bullet is controversial. QC suggested that only if RAN4 identifies power sharing between panel, there exist the issue of handling PUSCH power adjustment for partially time-domain overlapping, but HW thinks there is need to discuss the power adjustment. 
Proposal for Round 3 Discussion
Given that the FFS bullet is controversial, can we move on by removing this FFS bullet? With or Without the FFS bullet, company can still study any issue.
Updated FL proposal 2-3: The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS how to handle the PUSCH power adjustment when two PUSCHs are partially overlapped in time domain (Depending on RAN4’s input on Pcmax requirements).
· Note: No symbol-level power adjustment in the case of partially overlapping in time domain
Comments on Updated Proposal 2-3: 
	Company 
	Support (Yes/No)
	Comments

	QC
	No
	The note is not needed given that we deleted the FFS. We do not even know yet if power adjustment is needed. 
Furthermore, I copy HW’s comment and QC’s response which is in the folder round 2, but is absent from this version:
Huawei: Thanks Qualcomm and Moderator for the discussion. We are afraid we have to insist on FL’s original proposal and we are not OK with Qualcomm version. 
Maybe Qualcomm and us have different understanding of the meaning of power sharing. We think no matter whether there is one PA per panel or one PA for both panels (I assume QC consider the latter case power sharing. Correct?), the total TRP from the UE is upper-bounded by UE power class. To our understanding, there are regulatory requirements for the maximum TRP of UE. Given that, even if each panel has its own PA, when the PUSCHs are overlapped, a power backoff from one or both PAs maybe necessary to meet the max UE TRP requirement. Such a power backoff is not necessary when PUSCHs are not overlapped.
QC: @Huawei: The meaning of power sharing is wrt PCMAX. Since we are discussing spec impact, I am trying to focus on exact definition based on spec language instead of PA/panel/etc, which are at the end UE implementation. Regulatory requirements are RAN4 business. To RAN1, what matters is PCMAX wrt power prioritization (please see 38.213 Section 7.5). 

	ZTE
	Yes with update.
	The note can be removed.
In additional to QC’s comment above, whether power adjustment in case of partially overlapping is needed should be determined and discussed in AI 9.1.1.1.
Updated FL proposal 2-3: The multi-DCI based STxMP PUSCH+PUSCH transmission supports fully/partially/non-overlapping in frequency domain and fully/partially overlapping in time domain.
· FFS how to handle the PUSCH power adjustment when two PUSCHs are partially overlapped in time domain.
· Note: No symbol-level power adjustment in the case of partially overlapping in time domain

	CATT
	Yes
	

	LG
	No
	We need at least FFS for PUSCH power adjustment issue if partially overlapped case is supported. If company don’t want to add FFS, we propose to remove partial overlapped time in the proposal. Adding FFS does not harm anything.

	NTT Docomo
	Yes

	Our understanding on this issue is that there are two possible cases depending on RAN4 reply for power control in STxMP.
Case1: power may change from symbol to symbol due to e.g., power sharing between two panels. In this case, the note may be needed to avoid high complexity, and if there is the note the FFS is also needed because we need to handle the issue anyway.
Case2: power will not change from symbol to symbol, e.g., no power sharing between two panels. In this case, neither the note nor the FFS is needed.
But from our perspective, we are fine with current proposal because in our understanding, in any of the above two cases, we will end up with no symbol level power adjustment. So there is no harm to have the note.

	OPPO
	Yes
	No symbol-level power adjustment is import from implementation side, we think the note is needed. Fine with current proposal, but it is better to have the FFS.

	Samsung
	
	For the clarification (some companies can consider following UE panel structure), we want to share our concerns as follow:
1) One PA for two panels (not sure that this architecture can be valid for simultaneous transmission with two panels): For this structure, during one PUSCH transmission, UE may change (ramp up) transmission power with one PA if other PUSCH with other coresetPoolIndex is partially overlapped in time domain. For this case, we have concern that the phase continuity for the PUSCH transmission occasion cannot be kept.
2) Each PA for each panel with max power per UE and total Tx power is reached to max power: For non-overlapped parts, Tx power is not reached to max power but for overlapped parts, the sum of Tx power for both panels can exceed max power. We need to specify details on power control but symbol-level power adjustment can be possible. 
We are not sure above both cases can be valid but considering above concerns, we prefer to keep the note (To make the note as FFS is fine). In addition, as QC’s mentioned, we are fine with considering RAN4’s reply.

	Mod
	
	@QC, LG, Samsung and ZTE: it looks like deleting the first bullet of FFS is not a good choice.  So, I bring back the FFS sub-bullet to the proposal

@QC, HW and Samsung: regarding the FFS bullet, in last two rounds, the controversial part is the added condition. From my understanding, if two panels do not share power, it seems that the normal power control mechanism can be applied on each PUSCH separately and no particular consideration is needed. But if two panels share Pcmax (the Pcmax used in uplink power control defined in 38.213), then it looks like some special consideration is needed. To consider the concerns from both sides of you, I added a new wording at the end of that bullet :(Depending on RAN4’s input on Pcmax requirements), Hope that can resolve the concerns of both sides.
@ZTE and Samsung: the note was added to address the concern of MediaTek and Samsung on the system complexity. It has been there for a few rounds and it looks like that the companies are ok with it. So let us keep it.

	Spreadtrum
	Yes
	Fine with the proposal with note to avoid UE complexity.

	MediaTek
	Yes
	We are fine with FL’s proposal. And the note should be kept, otherwise we do not support partially overlapping in time-domain.
In our opinion, two PA for STxMP is needed. Each PA determines the transmit power for each panel according the maximum transmit power of each power ( and ), When two PUSCHs are partially overlapping in time-domain,  and  may be constant or dynamic over time, depending on the max power sharing over two panels. 
In the case of per-UE power limitation, the sum of  and  is equal to . The  and  will changes over time (symbol-level) when the max power sharing over two panels dynamically adjusts them, such that symbol-level power control causing high complexity is required.
In the case of per-panel power limitation, both  and  are equal to , such that panel-specific max power is constant over time, and the symbol-level power control is not needed even two PUSCHs are partially overlapping in time-domain.
Note that we still are waiting for RAN4’s reply about the discussion in max transmit power limitation, so we assume both per-UE power limitation and per-panel limitation in our discission.
To avoid complicated symbol-level power control, we prefer to have constant panel-specific max power over time when two PUSCHs are partially overlapping in time-domain. 

	vivo
	Yes
	If the note is removed, then it is better to keep the FFS bullet

	HW
	OK
	@QC, @ZTE: Regarding the Note: 
We are not supportive of the proposal if the Note is removed. We do not see any point of removing the note if every company (including QC and ZTE) agree that symbol-level power adjustment should not be pursued. 
For us, the note is important to clarify that no matter what the LS reply from RAN4 regarding UE power assumption would be and what possible power control modification (if any), RAN1 agree for STxMP schemes, the symbol-level power adjustment is off the table. We think even QC and ZTE agree with the above point. So, we don’t understand why the note needs to be removed. 
@QC: Regarding earlier discussions on FFS for power control: 
Thanks for the discussion. In your last reply, you mention that “The meaning of power sharing is wrt PCMAX”.
Above does not help us better understand what QC exactly means when they use the term “power sharing”. Can you please further clarify? In particular, in the earlier round, we asked “We think no matter whether there is one PA per panel or one PA for both panels (I assume QC consider the latter case power sharing. Correct?)”. So, to be on the same page, I was wondering if you can confirm/refute our above conjecture about QC’s definition of power sharing. 
Further, you mention “To RAN1, what matters is PCMAX wrt power prioritization”. This is not very clear for us either, could you please further clarify? 
Besides above, I think it might be easier to arrive at a common point if we discuss based on RAN1 PC specification terms and avoid using the word “power sharing” since it does not have a definition in the spec: 
In 38.213, there are per CC max power  in 7.1, 7.2, 7.3, and 7.4 for PUSCH, PUCCH, SRS, and PRACH, respectively and, then, there is  (linear value of which is a total transmit power per FR for CA case or for UL+SUL case. Values of  and  are both provided in 38.101-1 and 38.101-2. So, we are not sure that although both  and  have clear RAN1 spec impact, why, based on QC’s view if we understood it correctly, we should be only concerned with the power prioritization in 7.5. 
In particular, depending on RAN4 decision, either or both  and  may be per panel or per UE in Rel-18 and have possible consequence in RAN1 power control mechanisms in 7.1-7.4 and/or power prioritization mechanism in 7.5.  Let us provide an example: Assume that RAN4 decides the is a  power limit per panel and further, based on the regulation, there is also a total per UE power  limit (similar to the current specification in Section 6.2 of 38.101-2).  Then, the Rel-18 per panel PC formula for each PUSCH, PUCCH, SRS, and PRACH in 7.1-7.4 may also need to take into account the total per UE Tx power limit requirement by RAN4. This is in principle similar to current legacy per UE PC formula in Sections 7.1-7.4 where the max Tx power for each channel in each CC is upper bounded by  which is the total UE Tx power per CC provided in 38.101-1 Section 6.2.
Given above discussions, we support the earlier proposal 2-3 with both FFS and Note. The added explanation by FL at the end of the FFS is also OK.
 

	NEC
	YES
	We are fine to remove FFS at this stage.

	QC
	Ok with minor change
	Ok if before FFS “whether” is added: “FFS: whether/how to …”.
@Huawei: Thank you for further comments and questions.
The original suggestion from us was “power sharing is wrt PCMAX”. W/o the “PCMAX” part, “power sharing” could mean many things: 
· It can be wrt regulatory compliance: This should not matter to our discussions. This part is related to RAN4 only (no RAN1 spec impact).
· It can be wrt UE implementation and feasibility: This was also not the intention even though this is an important consideration as well (just not what was intended in our comment before wrt addition to FFS). The reason that we are saying this is important is related to practically of per-UE max EIRP if power adjustment needs to consider max EIRP across two beams in all directions.  
· It can be wrt configured power or PCMAX: This was our intention in our comment above
I hope this clarifies.   

	Lenovo
	Yes
	It seems power control related issue should be discussed in AI 9.1.1.1 but we are fine with this FFS. And we are fine to keep the Note to avoid additional UE implementation complexity.

	ZTE2
	Yes with FL’s update
	Our previous intention is to decouple the discussion of overlapping type (in this AI) and PC related discussion (in AI 9.1.1.1). Basically, we think the current per transmission occasion PC can be workable to power adjustment in case of time-domain partially overlapping. The note means there is no issue of MP-UE to implement STxMP PUSCH when partially overlapping in time-domain, which assumes each panel with one independent power amplifier. If so, we can be fine to this due to the pre-requisite of MP-UE architecture.

	Ericsson
	Support
	

	Mod
	
	@QC, HW: Please HW check if you are ok with adding “whether” suggested by QC. In last round, HW seemed not be ok with “whether”

	Xiaomi
	Yes
	Fine with FL’s updated version

	Huawei, HiSilicon2
	OK
	We are OK with the latest FL proposal (without removing FFS or Note). We can also live with adding “whether” to FFS if it helps reaching a consensus. 

	Apple 
	No
	Thanks for the discussion. We understand the intention of added “note” is to assure no symbol level power adjustment is needed, but still concern holds (especially if RAN4 identifies shared Pcmax). The procedure to determine the allocated power to each PUSCH is not clear. We prefer the whole discussion is postponed until we get input from RAN4. 

	Intel
	Yes
	Adding “whether” to the FFS is OK to us.

	Mod
	
	@Apple, the note is added to address the concerns of companies on increased complexity caused by potential symbol-level power adjustment. No matter what is the decision from RAN4, the note is needed to address their concerns. Regarding “the procedure… is not clear”: I think that is what RAN1 is going to study, right?, which is also the purpose of the FFS bullet.



(closed) Issue #4: SRS resource configuration and TMPI/SRI indication
Summary
The issues of configuring SRS resource sets and precoder/rank indication for multi-DCI based STxMP PUSCH+PUSCH transmission are discussed in contributions. The views are summarized as:
· Qualcomm: For multi-DCI based PUSCH operation, support two SRS resource sets, where the first SRS resource set is associated with coresetPoolIndex value 0, and the second SRS resource set is associated with coresetPoolIndex value 1, The interpretation of the SRI/TPMI field of the DCI is based on the coresetPoolIndex value of the CORESET in which the DCI is received.
· Nokia: For precoder indication of multi-DCI fully/partially overlapping PUSCH transmission, no additional enhancement is required compared to legacy (Rel-15/16) TPMI indication
· Panasonic: Support separate codebook configuration for different Tx panels. For multi-DCI based PUSCH, support two SRS resource sets, where the first SRS resource set is associated with coresetPoolIndex value 0, and the second SRS resource set is associated with coresetPoolIndex value 1
· NTT DOCOMO: For DG PUSCH+DG PUSCH, association between PUSCH and TRP can be determined based on CORESETPoolIndex of scheduling DCI, For DG PUSCH+CG PUSCH or CG PUSCH+CG PUSCH, association between CG PUSCH and TRP needs to be further discussed, e.g., CORESETPoolIndex can be configured in CG configuration.
· MediaTek: The association between DG-PUSCH and a coresetPoolIndex value is determined according to the CORESET on which the scheduling DCI transmitted; The association between Type-2 CG-PUSCH and a coresetPoolIndex value is determined according to the CORESET on which the activation DCI transmitted; The association between Type-1 CG-PUSCH and a coresetPoolIndex value is determined according to the coresetPoolIndex value configured in the corresponding CG configuration
· Intel: For multi-DCI based STxMP CG + CG PUSCH transmission, a single CG configuration can be used to configure the CG PUSCH transmitted through the two panels
· LG: Support separate codebook configuration for different Tx panels
· Google: Support to configure 2 SRS resource sets for CB/NCB, where each SRS resource set is associated with each CORESETPoolIndex, The number of ports for SRS resource set for CB should be up to 2, The number of SRS resources for a SRS resource set for NCB should be up to 2
· Lenovo: The two PUSCHs sent from the two panels can have same or different ranks, and are signalled with independent TPMIs/SRIs
· Ericsson: each PUSCH is scheduled by its own PDCCH, and the UE would apply the precoder indication in the corresponding UL grant

FL note: the views can be summarized as the following aspects: 
· two SRS resource sets are configured and one set is for each TRP. 
· The precoder/rank/SRI for one PUSCH is indicated by the scheduling DCI with corresponding SRS resource set. 
· DG-PUSCH and type 2 CG-PUSCH are associated with coresetPoolIndex through the scheduling/triggering DCI. 
· There exist two different solutions for type 1 CG-PUSCH: (1) Solution 1: configuring a coresetPoolIndex in CG PUSCH (2) Solution 2L using a single CG configuration to configure CG PUSCHs transmitted from two panels. 
· Panasonic and LG proposed to configure separate codebook for different panels and Google proposed to restrict the number of SRS resources or number of SRS ports in the SRS resource sets.
Proposal for discussion
Based on the views, the following proposal is made:
FL proposal 2-4: Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB and they are associated with different coresetPoolIndex values.
· FFS: how to associate coresetPoolIndex value implicitly or explicitly.
· FFS the maximal number of SRS resources in each set for NCB
· FFS the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different panelsSRS resource sets.
· For each DG-PUSCH, the TMPI/SRI indicated in the scheduling DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the scheduling DCI.
· For each type 2 CG-PUSCH, the TMPI/SRI indicated in the activation DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the activation DCI.
· For type 1 CG-PUSCH, FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH
Companies’ views: 
	Company 
	Support (Yes/No)
	Comments

	QC
	Yes
	For separate codebooks, we are not sure about the use case. Hence, we suggest to remove the second bullet, or make it FFS.

	Nokia/NSB
	Updates needed. 
	In general, the proposal has too many bullets to be covered with single proposal.
First main bullet: We do not support it. We agree that the association is needed. However, there is no need specify any additional explicit association of CORESETPoolIndex with UL SRS resource set. In fact, for DG-PUSCH +DG-PUSCH, the UE can determine implicitly the association between CORESETPoolIndex and PUSCH as well as indicated SRS resource set based on CORESETPoolIndex of scheduling DCI. 
Second main bullet: We support configurations where different  UL SRS resource sets are configured with different number of antenna ports and corresponding resources enabling two different precoding configurations according UE capability.  Before making agreement on panel specific rank constraint, we should make agreement on the extension of capability value set reporting where also different antenna panels having same number of SRS antenna ports  can be distinguished. This is issue is under discussion in AI 9.1.1.1.  
Third bullet: Support
Fourth bullet: Support
Fourth bullet: In principle, support



	Lenovo
	Yes 
	Agree with QC to remove the separate codebook configuration in the second bullet:
· Separate codebooks and separate maxRanks are configured for different panels.


	Google
	Yes with modification
	We do not see the need to configure different codebook and maxRank for different panels. Maybe the second bullet can be removed or we can add a FFS. 

	NTT Docomo
	Yes
	

	ZTE
	
	As Nokia mentioned, for DG PUSCH and Type 2 CG PUSCH, the association between CORESETPoolIndex and SRS resource set/TPMI/SRI/etc can be derived from the scheduling DCI, we fail to see the necessity of this explicit association. For Type 1 CG PUSCH, the association in RRC-level is needed.
FL proposal 2-4: Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB and they are associated with different coresetPoolIndex values.
· FFS the maximal number of SRS resources in each set for NCB
· FFS the maximal number of SRS ports in each set for CB.
· Separate codebooks and separate maxRanks are configured for different panels.
· For each DG-PUSCH, the TMPI/SRI indicated in the scheduling DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the scheduling DCI.
· For each type 2 CG-PUSCH, the TMPI/SRI indicated in the activation DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the activation DCI.
· For type 1 CG-PUSCH, FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH

	Mod
	
	Update the proposal 2-4 according to comments received so far:
@Nokia and ZTE: “implicitly or explicitly ” was added in first bullet and one sub-bullet with FFS on how to associate was added to address your comments. 
@QC, Nokia, Lenovo and google: regarding the maxRank and codebook, the second bullet is put under FFS to address your comments.

	LG
	
	We fail to find any issue with the following two subbullets and suggest to keep them. It is about how association between CORESETPoolIndex and SRS resource set/TPMI/SRI can be derived from the scheduling DCI. Is there any company having different approach in mind?

· For each DG-PUSCH, the TMPI/SRI indicated in the scheduling DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the scheduling DCI.
· For each type 2 CG-PUSCH, the TMPI/SRI indicated in the activation DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the activation DCI.


	Samsung
	
	We think first, third and fourth bullets in the previous FL’s proposal are specifying clear relationship between TPMI/SRI fields in scheduling (activation) DCI and scheduled PUSCH transmission and associated SRS resource set. To avoid any ambiguity or any other operation (e.g. two SRS sets associated with same coresetPoolIndex etc), we think those bullets are meaningful.

	MediaTek
	Yes with update
	We prefer to not mention “panel”.
FL proposal 2-4: Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB and they are implicitly or explicitly associated with different coresetPoolIndex values.
· FFS: how to associate coresetPoolIndex value
· FFS the maximal number of SRS resources in each set for NCB
· FFS the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different SRS resource setspanels.
· For each DG-PUSCH, the TMPI/SRI indicated in the scheduling DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the scheduling DCI.
· For each type 2 CG-PUSCH, the TMPI/SRI indicated in the activation DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the activation DCI.
· For type 1 CG-PUSCH, FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH


	Spreadtrum
	Yes
	If separate codebooks refer to different coherent type for UE panels, we think it is unnecessary to configure different codebooks for two panels.

	OPPO
	Yes
	For second bullet, we are not sure about the use case for separate codebooks, but it is ok to put it under FFS.

	Xiaomi
	Yes
	Support the updated version

	Mod 3
	
	The proposal is updated by replacing “panels” with “SRS resource sets”  according to the comments of MediaTek

	Intel
	Yes with updates
	For the first bullet, we agree with Nokia and ZTE that associating coresetPoolIndex explicitly is not necessary.

	Huawei, HiSilicon
	Yes with update
	This is a mDCI scheme and we don’t see how the same codebook or maxRanks could be configured for the two SRS resource sets. Therefore, we suggest to remove the FFS from the second main bullet. 
FL proposal 2-4: Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB and they are implicitly or explicitly associated with different coresetPoolIndex values.
· FFS: how to associate coresetPoolIndex value
· FFS the maximal number of SRS resources in each set for NCB
· FFS the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different panelsSRS resource sets.
· For each DG-PUSCH, the TMPI/SRI indicated in the scheduling DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the scheduling DCI.
· For each type 2 CG-PUSCH, the TMPI/SRI indicated in the activation DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the activation DCI.
· For type 1 CG-PUSCH, FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH



	MediaTek
	Yes
	Regarding whether the association between coresetPoolIndex value and SRS resource set is needed, even UE can determine the scheduled/activated PUSCH is associated with which coresetPoolIndex value according to the scheduling/activating DCI, it is ambiguous that the indicated SRI/TPMI should be apply to which SRS resource set if no association. The association be can simple, in our view, e.g., the 1st SRS set is always associated with coresetPoolIndex 0, the 2nd SRS set is always associated with coresetPoolIndex 1.

	CATT
	Yes in principle
	Fine with the current proposal but the association between SRS and coresetPoolIndex should be specified.

	Vivo
	Yes
	FFS on how to associate CORESETPoolIndex is enough, so we propose to delete the description on implicitly or explicitly associated with different CORESETPoolIndex values.
The example, second sub bullet of the third bullet needs some  clarification.
FL proposal 2-4: Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB and they are implicitly or explicitly associated with different coresetPoolIndex values.
· FFS: how to associate coresetPoolIndex value
· FFS the maximal number of SRS resources in each set for NCB
· FFS the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different panels.
· For each DG-PUSCH, the TMPI/SRI indicated in the scheduling DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the scheduling DCI.
· For each type 2 CG-PUSCH, the TMPI/SRI indicated in the activation DCI corresponds to the SRS resource set associated with the same coresetPoolIndex value as the activation DCI.
· For type 1 CG-PUSCH, FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH


	Ericsson
	No
	Why is this needed? Already in Rel-16, we can configure two SRS resource sets, which is each scheduled by one PDCCH. That association is “implicit”, and works fine.

	Mod  4
	
	@MediaTek and CATT: associate each SRS resource set with one CORESETPoolIndex value is one way. However, as you can see in the comments, some companies think it might not need such explicit association. So let us keep it open for now.
@vivo: your suggestion is added in the proposal and “implicitly or explicitly” is added to make it more clear that either way is considered.

@Ericsson: implicit method is still included here. “implicitly or explicitly” is added in the FFS sub-bullet to clarify either way is included.  



Summary of Round 1
The proposal was revised a few times with wording change according to the inputs.
Ericsson commented that this proposal is not needed since it is already in Rel-16. But per the understanding of moderator, what proposed here is not in the spec yet. To support the PUSCH+PUSCH in multi-DCI system, such proposal is needed.

Proposal for Round 2 Discussion
Here is the latest proposal from last round. Some change tracks are removed:
FL proposal 2-4: Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: how to associate coresetPoolIndex value implicitly or explicitly.
· FFS the maximal number of SRS resources in each set for NCB
· FFS the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different SRS resource sets.
· For type 1 CG-PUSCH (if supported), FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH

Comments on Updated Proposal 2-4, hope we can settle down the wording in this round
	Company 
	Support (Yes/No)
	Comments

	QC
	Support
	@ Ericsson: We cannot configure two SRS resource sets in Rel-16. Two SRS resource sets was first introduced in Rel-17 for the purpose of single-DCI TDM scheme.

	LG
	Yes
	

	NTT Docomo
	Yes
	

	MediaTek
	Yes
	 

	CATT
	Yes
	

	ZTE
	Yes
	@Ericsson: In Rel-16, only one SRS resource set can be set to ‘codeBook’ or ‘nonCodebook’.

	OPPO
	Yes
	

	Xiaomi
	Yes
	

	Intel
	Yes
	

	Huawei, HiSilicon
	No
	We fail to see how the same codebook or maxRank can be configured for the PUSCH+PUSCH in m-DCI scheme and prefer remove the FFS from 
· FFS: Separate codebooks and separate maxRanks are configured for different SRS resource sets.

Also, CG-PUSCH is not supported yet and this needs to be reflected in the proposal. We suggest the following modification:

FL proposal 2-4 (modified): Regarding the TPMI/SRI indication for multi-DCI based STxMP PUSCH+PUSCH:
· Configure two SRS resource sets for CB or NCB.
· FFS: how to associate coresetPoolIndex value implicitly or explicitly.
· FFS the maximal number of SRS resources in each set for NCB
· FFS the maximal number of SRS ports in each set for CB.
· FFS: Separate codebooks and separate maxRanks are configured for different SRS resource sets.
· For type 1 CG-PUSCH if supported, FFS how to associate the PUSCH with one TRP
· e.g., configure a coresetPoolIndex value in a type 1 CG-PUSCH
· e.g., use a single CG to configure two type 1 CG PUSCHs for STxMP PUSCH+PUSCH



	Spreadtrum
	Yes
	

	Nokia
	Yes
	Ok with the latest FL version. We do not think group is having good understanding to list “separate maxRanks are configured for different SRS resource sets”. Having FFS is fine.

	Samsung
	Yes
	We prefer to keep FFS for further study.

	Lenovo
	Yes
	

	Mod
	
	@HW and Nokia, given the comments in round 1 and round 2, I do agree that the group is not ready for have common understanding on “separate maxRanks and codebooks”. So let us keep it to FFS for now.
@HW The “if supported” is added to Type 1 CG-PUSCH.

With that, the proposal 2-4 seems to be stable if no more concerns are raised.



Issue #5: Configuration restriction for multi-DCI based STxMP PUSCH+PUSCH
Summary
Companies proposed to study or specify some scheduling/configuration restriction on PUSCHs in multi-DCI based STxMP PUSCH+PUSCH:
· Huawei/HiSilicon: further study if UE is not expected to assume different DM-RS configuration with respect to the following parameters: the actual number of front-loaded DM-RS symbol(s), the actual number of additional DM-RS symbol(s), the actual DM-RS symbol location, DM-RS configuration type
· Spreadtrum: For the conditions required for STxMP PUSCH+PUSCH, relax the restriction on DMRS, e.g. DMRS ports from same or different CDM group for mTRP
· Google: For mDCI based STxMP on PUSCH, support to indicate up to 2 DMRS ports in the DCI
· CATT: The following scheduling restrictions can be considered by STxMP transmission: The maximum number of layers for each PUSCH is predefined in specification or is configured by higher layer signaling in advance; Two scheduled PUSCHs have the same DMRS configuration; The same active BWP and the same SCS are scheduled by two TRPs
· Xiaomi: the following rules are suggested to minimize the interference between two PUSCHs:  Same DMRS configurations for different PUSCHs, eg. DMRS type, the number of the FL DMRS, etc DMRS port(s) allocation of different PUSCHs belong to different CDM groups; When partially/fully overlapping occurs in time domain for STxMP, the PUSCH can use the “CDM groups without data” in “Antenna Port” field to perform the rate matching towards the DMRS port(s) of the other PUSCH on the overlapped symbols

FL note: to summarize, the proposals mainly focus on the following aspects: 
· Whether same or different DMRS configurations can be applied to PUSCHs in STxMP PUSCH+PUSCH, 
· For two overlapping PUSCHs, whether same or different CDM groups 
· Whether/how to limit the max number of layers of each PUSCH in addition to total number of layers being <= 4. 
· Whether and how PUSCH rate match to the DMRS ports of the other PUSCH.
From the understanding of FL, it seems worthwhile to study those aspects
Proposal for discussion
According to the views, the following proposal is made:
FL proposal 2-5: For multi-DCI based STxMP PUSCH+PUSCH, study the following aspects:
· Whether different DMRS configurations can be applied to overlapping PUSCHs.
· Whether the DMRS ports of two overlapping PUSCHs shall be in different CDM groups.
· Whether/how to restrict the max number of layers per PUSCH in addition to the requirement of that the total number of layers of two overlapping PUSCHs is up to 4.
· Whether/how to perform PUSCH rate match towards to the DMRS ports of the other PUSCH on overlapped symbols in STxMP PUSCH+PUSCH transmission.
· Note: other aspects are not precluded
Companies’ views: 
	Company 
	Support (Yes/No)
	Comments

	QC
	
	Other than max number of layers (third bullet), the rest seems to be related to gNB scheduling / channel estimation at the gNB. If clean channel estimation is needed, gNB can schedule according to these restrictions. If inter-beam interference is small and TRPs decode the two PUSCHs separately, then such restrictions may not be needed. Anyway, it is ok to study.

	Nokia/NSB
	Yes(with updates)
	first bullet: Support to study
second bullet: Support to study
third bullet:  Not support
Fourth bullet: Support to study

	Lenovo
	
	It seems the 3rd bullet should be an implementation issue. Suggest to remove the 3rd bullet.

	Google
	No
	We failed to see the necessity for all the study points.

	NTT Docomo
	Yes
	Fine to further study 

	ZTE
	Yes
	Open to further study 

	LG
	Yes
	Open to further study 

	Samsung
	Yes
	Fine to study

	MediaTek
	Yes
	Open to further study

	Spreadtrum
	Yes
	Support to study

	OPPO
	Yes
	Fine to further study

	Xiaomi
	Yes
	Support to further study

	Intel
	Yes
	Support.

	Huawei, HiSilicon
	Yes
	OK to study

	CATT
	Yes
	Support to further study

	vivo
	Yes
	

	Ericsson
	
	Anyone is free to study anything. We do not see the need for any of these enhancements (the third bullet is discussed under issue #1)

	
	
	



Summary of round 1
Google thought that it is not necessary to study those items. Ericsson commented that it is free to study anything but they do not see the need for the listed items. Lenovo and Nokia/NBS do not support 3rd bullet. 
From the understanding of moderator, this is not a high priority issue for this meeting and it might be a better way for the company to bring up each individual issue along with the proposed solution, which might be helpful for the discussion. Given that, moderator suggested to cease the discussion on this issue. The company can study any issue they find and propose the issue and the solution to the issue in following meetings.

STxMP PUCCH
It was agreed to evaluate the STxMP PUCCH transmission in single-DCI based system and in multi-DCI based system. In the contributions, companies provided evaluation results of STxMP PUCCH transmission in single-DCI based system and/or multi-DCI based system. Proposals for schemes of STxMP PUCCH in single-DCI based system and STxMP PUCCH in multi-DCI based system were also provided in tdocs
Issue #1: single-DCI based STxMP PUCCH
Summary
Companies provided evaluation results for STxMP PUCCH transmission in single-DCI based system and companies also provided views/proposal on whether to support STxMP PUCCH transmission in single-DCI based system and the transmission scheme for STxMP PUCCH.  
Companies provided evaluation results of STxMP PUCCH in single-DCI based system:
	Huawei/HiSilicon: 
· LLS and BLER performance
· FDM based PUCCH: single PUCCH payload is Txed over two FDMed PUCCH resource:
[image: C:\Users\y00610651\AppData\Roaming\eSpace_Desktop\UserData\y00610651\imagefiles\4BDBDF21-996B-4740-96A7-D4025976C9CB.png]
Figure 2. BLER performance of STxMP and TxSP
Observation 7: The performance comparison of STxMP transmission of PUCCH+PUCCH over the baseline TxSP does not justify supporting this scheme.

	NTT DOCOMO
· LLS and BLER performance
· SFN scheme
[image: ]
Figure3. BLER performance of STxMP PUCCH SFN scheme for PUCCH format 1
[image: ]
Figure4. BLER performance of STxMP PUCCH SFN scheme for PUCCH format 3
Observation 3.1:  
· For both PUCCH format 1 and format 3, when X=6dB or X=20dB or when each TRP only receives signal from the best panel, SFN scheme is about 1dB worse than TDM repetition.




Regarding whether to support STxMP PUCCH in single-DCI based system:
· Huawei/HiSilicon proposed to not support it in single-DCI based system and MediaTek proposed that it shall be low priority for Rel-18. 
· On the other hand, companies proposed to support some scheme for single-DCI based STxMP PUCCH transmission:
· SFN scheme, one PUCCH resource is indicated with two TCI states: 
· Supported: Spreadtrum, vivo, Ericsson, Lenovo, LG, CATT, Apple, Intel, NTT DOCOMO, Qualcomm, Nokia
· FDM scheme(s): 
· Supported: Lenovo, CATT, Apple
· The scheme of repeating one UCI in two PUCCH resources: 
· Supported: Google
· PUCCH CDM repetition scheme for PUCCH format 1/4: 
· Supported: Intel
· Scheme based on the STxMP PUSCH transmission scheme:
· Supported: ZTE

FL note: Huawei/HiSilicon provided the BLER performance of FDM scheme of single-DCI based STxMP PUCCH and NTT DOCOMO provided the BLER performance of SFN scheme. And, SFN scheme of STxMP PUCCH is supported with many companies..
Proposal for discussion
According to the views in tdocs, it looks like SFN scheme could be a good wayforward for single-DCI based STxMP PUCCH. It is supported by good number of companies. And in the tdocs, companies explained that only simple spec change, i.e., configuring two beams that are used at the same time, is needed to implement it. Therefore, the FL would like to make the following proposal:
FL proposal 3-1: Support to specify SFN scheme for single-DCI based STxMP PUCCH
· One PUCCH resource can be indicated with two TCI states and the PUCCH resource is transmitted by applying two TCI states at the same time.
Companies’ views: 
	Company
	Support Proposal 4-1 (Yes/No)
	Comments

	QC
	Yes
	

	Nokia/NSB
	Yes
	Support FL’s proposal.

	InterDigital
	Yes
	Support FL’s proposal. 

	Lenovo 
	Yes
	Support FL proposal.

	Google
	Yes
	

	NTT Docomo
	Yes
	

	ZTE
	Yes
	

	NEC
	Yes
	

	Fujitsu
	Yes
	

	LG
	In principle, Yes
	R-18 unified TCI framework does not have to be pre-requisite for STxMP PUCCH.

FL proposal 3-1: Support to specify SFN scheme for single-DCI based STxMP PUCCH
One PUCCH resource can be indicated with two TCI states or two spatial relations and the PUCCH resource is transmitted by applying two TCI states or two spatial relations at the same time

	MediaTek
	Yes
	

	Spreadtrum
	Yes
	Support FL’s proposal

	OPPO
	Yes
	Support FL’s proposal

	Xiaomi
	Yes 
	Support FL’s proposal

	Mod 3
	
	@LG:  my understanding is Rel18 is based on the Rel-17 unified TCI framework, thus there is no ‘spatial relations’ for PUCCH.

	Intel
	Yes
	Support. 

	Huawei, Hisilicon
	No
	Do not support. 

Only two companies (NTT, HW) have performed LLS evaluations and neither of the companies have observed a BLER performance gain that justifies the support for SFN PUCCH. 

According to our simulation result, STxMP performance gain can be achieved only when no path loss gap exists between the two panels and, even in that case, it is still a marginal gain at a low SNR region. Note that 0dB path loss gap between the two panels is quite unrealistic in a practical scenario.


	CATT
	Yes
	

	vivo
	Yes
	

	Ericsson
	Yes
	


Summary of round 1
The proposal was supported by: QC, Nokia/NSB, InterDigital, Lenovo, Google, NTT Docomo, ZTE, NEC, Fujitsu, LG, MediaTek, Spreadtrum, OPPO, Xiaomi, Intel, CATT, vivo, Ericsson. but objected by: Huawei, Hisilicon. 
NTT DOCOMO provided the BLER performance of SFN scheme and showed that SFN can provide BLER performance close to that of PUCCH TDM scheme. 
Given the inputs in round 1, moderator would suggest to put Proposal 2-2 in email endorsement
Round 2 on this issue was in email
Summary of Round 2
In email discussion, HW explained their concerns on supporting proposal 3-1. The comments in email are copied here:
	We have to reiterate our position. Again, the only company that has simulated SFN PUCCH AND supports the scheme is DCM. However, the BLER curves of SFN in DCM simulation is worse that the BLER curve of TDM in all cases. We fail to understand the logic of supporting a Tx scheme based only on one company’s results which actually shows a performance degradation!  Of course, DCM (and some other companies) state that SFN PUCCH should be supported because it has a lower latency compared to TDM repetition PUCCH. However, we think: 1) The latency of SFN PUCCH needs to be compared with that of the panel selection. To our understanding, both have the same latency; 2) we don’t recall seeing any tangible latency analysis of for SFN PUCCH vs TDM repetition or panel selection. Sending two PUCCH versions at the same time, at best, nominally reduces a part of layer 1 latency. Note that a bigger part of layer 1 latency is  delay between PDSCH reception to HARQ Tx which is not reduced by SFN. Further, layer 1 latency itself is just a fraction of overall end-to-end latency which is not reduced by SFN. Finally, SFN PUCCH comes at the price of a higher PUCCH BLER (even according to DCM simulations) which actually may result in HARQ re-Tx and even increasing the layer 1 latency.



Proposal for Round 3 Discussion 
In round 3 discussion, the proposal is not changed and please try to address the concerns of HW. 
FL proposal 3-1: Support to specify SFN scheme for single-DCI based STxMP PUCCH
· One PUCCH resource can be indicated with two TCI states and the PUCCH resource is transmitted by applying two TCI states at the same time.
Companies’ views: 
	Company
	Support Proposal 3-1 (Yes/No)
	Comments

	Mod 
	
	@All, please try to address the concerns raised by HW

	ZTE
	Yes
	

	CATT
	Yes
	

	LG
	Yes
	We agreed to support SFN PUSCH reliability enhancement. PUCCH reliability enhancement is more important than PUSCH. 

	NTT Docomo
	Yes
	

	OPPO
	Yes
	

	Spreadtrum
	Yes
	

	vivo
	yes
	

	HW
	No
	We thank FL to bring our concern at the top of this Section. Our concern stand as is and we cannot support the proposal

	Lenovo
	Yes
	

	Ericsson
	
	We do not see that PUCCH is a bottleneck. Low priority.

	Xiaomi
	Yes
	

	InterDigital
	Yes
	

	Intel
	Yes
	




Issue #2: multi-DCI based STxMP PUCCH
Summary
Companies provided evaluation results for STxMP PUCCH transmission in multi-DCI based system and companies also provided views/proposal on whether to support STxMP PUCCH transmission in multi-DCI based system. Proposals on detailed spec change related with UCI dropping/multiplexing for STxMP PUCCH+PUCCH are also provided in tdocs.
Evaluation results of STxMP PUCCH+PUCCH in multi-DCI based system are provided in tdocs:
	Huawei/HiSilicon: 
· LLS and BLER performance
· STxMP PUCCH+PUCCH: two independent PUCCHs are transmitted by two UE panels on two PUCCH resources overlapped in time and frequency domain. 
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Figure 3. BLER performance of multi-DCI based STxMP and TxSP
Observation 7: The performance comparison of STxMP transmission of PUCCH+PUCCH over the baseline TxSP does not justify supporting this scheme.



Regarding whether to support STxMP PUCCH+PUCCH in multi-DCI based system, views in the contributions are:
· Alt1: Do not support STxMP PUCCH in multi-DCI based system
· Support: Huawei/HiSilicon, 
· Alt2: Support the STxMP PUCCH+PUCCH in multi-DCI based mTRP system, two PUCCH resources with separate UCI payloads towards different TRP can be transmitted simultaneously from different UE panels.  
· Support: ZTE, Spreadtrum, vivo (frequency-domain non-overlapping can be 1st priority), Lenovo, CATT, Intel, MediaTek, NTT DOCOMO, Qualcomm, Nokia 
Companies also provided views/proposals on UCI multiplexing/dropping if STxMP PUCCH+PUCCH is supported:
· ZTE: supporting transmitting UCI on different PUCCH instead of dropping or multiplexing
· vivo: consider TRP/panel-specific UCI multiplexing, and FFS on how to handle overlapped PUSCH/PUCCH for TRP/panel-specific UCI multiplexing.
· Lenovo: Study the UCI multiplexing rule in STxMP PUSCH and/or PUCCH transmission
· CATT: UCI multiplexing and PUSCH/PUCCH dropping for overlapped PUCCH/PUSCH transmission.
· Intel: Study new collision handling rules for the single PUSCH + STxMP PUCCH, single PUCCH + STxMP PUSCH, STxMP PUCCH + STxMP PUSCH
· MediaTek: study the UE procedure of reporting multiple CSI and priority rules if STxMP PUCCH is supported.
· NTT DOCOMO: PUCCHs associated with same panel/TRP shall follow the multiplexing/dropping rule of Rel-17 and PUCCHs associated with different panel/TRP can be STxMP.
· Qualcomm: FFS the UCI multiplexing such as per CORESETPoolIndex value UCI multiplexing.

MediaTek proposed to study how to determine the association between PUCCH resource and TRP and provided a few Alts.
Proposal for discussion
For the work on multi-DCI based STxMP PUCCH+PUCCH, it is good to first align the understanding on what kinds of spec change/frame work is required to specify this PUCCH+PUCCH. Therefore, FL would like to first gather your answers to the following questions. 
Question 3-2: Please provide your views on the following questions?
· Q1: do you support to specify STxMP PUCCH+PUCCH in multi-DCI based mTRP system, where two PUCCH resources with separate UCI payloads towards different TRPs can be transmitted simultaneously from different UE panels?
· Q2: If your answer to Q1 is yes, please explain spec changes/impacts/framework that you think is needed for supporting the multi-DCI based STxMP PUCCH+PUCCH in Rel-18.  
FL note: Please input your answers/understanding to these two questions.  A clear description on your expected spec change for multi-DCI based PUCCH+PUCCH would be helpful to formulating next step proposal.  
	Company 
	You answers

	QC
	Regarding the LLS in [1], we would like to point out that it actually shows gain based on our understanding at least for power assumption 2. This is because two UCIs with the same size are transmitted (effectively, UCI payload is twice in STxMP PUCCH with multi-DCI) while BLER curve is almost the same.
Q1: Yes.
Q2: The proper framework for this is in the case of separate feedback for multi-DCI, and the spec impact is limited to performing legacy UCI multiplexing per TRP. Please note that the issue of dropping due to PUCCH+PUSCH not being in scope is still there irrespective of whether we have this enhancement (PUCCH+PUCCH) or not. 
     The main benefit is overhead reduction for PUCCH and allowing gNB to schedule / configure PUCCH w/o all the error cases that exist today as a result of Rel-16 restriction. 
      In our contribution, we provided multiple examples and discussed why those are invalid gNB scheduling and the impact that it has on resource utilization (effectively, semi-static partition of a slot for UCI transmissions are needed in Rel-16). This is due to “TDM restriction” of Rel-16 as well as Rel-15 complicated iterative UCI multiplexing (PUCCH resource determination) and various issues if one of HARQ-Acks overlap with other UCIs even if the two HARQ-Acks do not overlap with each other. Performing UCI multiplexing per TRP and simultaneously transmitting the resulting PUCCHs will avoid all these issues.

	Nokia/NSB
	Q1: Support
Q2: FFS different dropping rules

	InterDigital
	Q1: Support
Q2: The multiplexing/collision/priority rules should be enhanced to support the overlapping PUCCH case when a UE is capable of STxMP. 

	Lenovo
	Q1: Yes
Q2: UCI multiplexing and UCI dropping rule should be enhanced. For example, the UE may need to perform per TRP UCI multiplexing with STxMP PUCCH capability.

	Google
	Q1: No. But we are open to the same UCI payload to improve reliability.


	NTT Docomo
	Q1: Yes
Q2: UCI multiplexing/dropping procedure needs to be studied. We think the rule can be simple. For example, in case of PUCCH overlapping, overlapping among PUCCH transmissions associated with same panel/TRP can be resolved first with Rel-17 UCI multiplexing/dropping rule. Then, for overlapping between two PUCCH transmissions associated with different panel/TRP, the two PUCCHs can be transmitted simultaneously.

	ZTE
	Q1: Yes
Q2: If UCI on different PUCCHs which are overlapped in time domain and also transmitted from different panels towards different TRPs, UCI could be loaded in these PUCCHs respectively. Otherwise, the legacy for UCI multiplexing and dropping rules should be followed.

	LG
	Q1: Yes
Q2: same view with NTT and ZTE.

	Samsung
	Q1: No
Q2: We want to handle this issue carefully. Other than PUSCH, reliability is most important performance for PUCCH. If max power per UE is assumed, we don’t think PUCCH reliability can always be maintained. Supporting sDCI based SFN PUCCH can be considerable to increase reliability, but this scheme can make each PUCCH transmission less reliable. And in Huawei’s LLS simulation result, BLER performance for PUCCH STx2P is degraded than panel selection scheme. We have a concern on PUCCH reliability with two different PUCCH+PUCCH STx2P. 

	MediaTek
	Q1: Yes
Q2: Study on UCI multiplexing/dropping rule and CSI collision rule in needed.

	Spreadtrum
	Q1: Yes
Q2: FFS: UCI multiplexing/dropping procedure per TRP.

	OPPO
	Q1: Yes
Q2: It is preferred to keep the UCI multiplexing/dropping rules simple. The overlapping PUCCHs associated with same panel/TRP can be handled with legacy UCI multiplexing/dropping rule, and the PUCCHs associated with different panels/TRPs can be transmitted simultaneously.

	Xiaomi
	Q1: Yes
Q2:FFS the UCI multiplexing/dropping rules

	Intel
	Q1: Yes.
Q2: Allowing different UCIs being transmitted simultaneously from two panels can achieve per TRP/panel UCI multiplexing/dropping, where legacy UCI multiplexing and collision handling rules can be reused as much as possible. 

	Huawei, HiSilicon
	Q1: No. 
HW is the only company that performed LLS for m-DCI based PUCCH + PUCCH and did not observe any gain. 

	CATT
	Q1: Yes
Q2: UCI multiplexing and dropping rules should be supported and studied. Also, power control should also be studied.

	vivo
	Q1：Yes
Q2：For STxMP transmission, two overlapped PUSCHs or two overlapped PUCCHs can be simultaneously transmitted towards two TRPs. How to multiplex the UCI on the overlapped PUSCHs or PUCCHs should be further discussed. One simple solution is to reuse legacy rules for each TRP. Since simultaneous transmission of a PUCCH and a PUSCH is not part of the WID, how to handle the overlapped PUCCH and PUSCH for TRP-specific UCI multiplexing should be further studied.


	Ericsson
	Q1: No
Q2: we agree with Samsung. In addition, we are concerned about the spec impact regarding UCI collision/dropping/multiplexing. 

	
	



Summary of round 1
Regarding the Q1: we have the following answers
· Yes: QC, Nokia/NSB, InterDigital, Lenovo, Google, NTT Docomo, ZTE, Spreadtrum, OPPO, Xiaomi, CATT, vivo, 
· No: Samsung, Huawei, HiSilicon, Ericsson

Regarding the Q2, the expected spec change/framework can be summarized as:
· To support per TRP UCI multiplexing rule, and how to multiplex the UCI on PUCCHs of each TRP still follows the current specification.
· PUSCH+PUCCH is out of scope of this issue per the WID
Samsung and Huawei/HiSilicon raised the concern on reliability of PUCCH transmission when PUCCH+PUCCH are transmitted in mDCI system. That is a valid concern and more study on that seems needed. And Ericsson has concerns on the spec impact.
Proposal for Round 2 Discussion
[bookmark: _Hlk116600655]Proposal 3-2 on one Conclusion: For STxMP PUCCH+PUCCH in multi-DCI based mTRP system:
· Further the performance of STxMP PUCCH+PUCCH transmission including the reliability.
·  If STxMP PUCCH+PUCCH in multi-DCI based mTRP system is supported, the work scope includes:
· Specify per TRP UCI multiplexing rule. For PUCCHs of each TRP, how to multiplex the UCI still follows the current specification.
· The case of PUSCH+PUCCH is out of scope of this issue.
 
Comments on Updated Proposal 3-2
	Company 
	Support (Yes/No)
	Comments

	QC
	No
	@FL: We already have an agreement for study, and there is no need for another agreement. Given the majority support, we suggest continuing the discussions to understand the concerns above better. We do not think evaluating the BLER performance can help here due to the reasons that I explain below.
We would like to address the concerns from Samsung, Huawei, and Ericsson:
@Samsung: Our understanding is that your point is about Tx power, not about increasing the reliability of PUCCH (same UCI) using multi-DCI framework. If that’s the correct understanding, then it is already clear (w/o the need for LLS) that power assumption 1 results in 3dB less max power per PUCCH and power assumption 2 does not result in any power reduction. Then even if we just focus on power assumption 1, the benefit of PUCCH+PUCCH remains when the deployment is not coverage-limited. From the PUSCH SLS evaluations, it is already observed that coverage is not an issue in InH. Hence, network can enable this feature in proper deployment and for proper UEs. 
As a comparison, in FR1, we have per-UE power constraint even across multiple CCs. However, we also do have the feature of “two PUCCH groups” to transmit two PUCCH simultaneously in different CCs. Even though your point is valid wrt max coverage also in this case, it is up to network when to use this feature, which is possible in legacy.
@Huawei: Thank you for the LLS. Can you please confirm if the UCI size remains the same with in both TxSP (one UCI) as well as STxMP (two UCIs)? If so, comparing the BLER may not be a fair comparison since twice the payload is transmitted in STxMP. Furthermore, the goal of this enhancement is not to improve the BLER, but it is to reduce the PUCCH overhead and relax the Rel-16 error cases that result in very inefficient scheduling (please also see below for further explanation)
@Ericsson: My understanding is that even w/o this enhancement, there is spec impact on UCI multiplexing. For example, assume that PUSCH 1 and PUSCH 2 are transmitted simultaneously, and a PUCCH overlaps with both. A rule is required to decide to multiplex UCI on which PUSCH(s). 
As companies clarified, the spec impact is limited to per-TRP UCI multiplexing. At the same time, the benefit is clear. The main goal of this enhancement is to relax the existing error cases in Rel-16 given that Rel-18 UE has the capability to transmit two PUCCHs at the same time. As we all know, Rel-16 puts a lot of constraints on PUCCH resource configuration/indication, which effectively results in semi-static split of resources among the two TRPs. Just a few examples are illustrated below (see also our contribution). Please note that Example 4 always results in error case, and examples 3 and 5 depends on the resultant PUCCH resources after Rel-15 UCI multiplexing as we do not have per-TRP UCI multiplexing, which illustrates the scheduling restriction in the absence of this enhancement:
[image: ]   

	NTT Docomo
	
	Similar view as QC

	CATT
	
	We believe that STxMP PUCCH+PUCCH in multi-DCI should be supported. The scope for further studies should be stated clearly.

	ZTE
	
	MDCI based STxMP PUSCH+PUSCH transmission is indeed in the scope and is also supported by majority. Hence the second bullet should be agreeable.

	Huawei, HiSilicon
	No
	HW is the only company that performed LLS for m-DCI based PUCCH + PUCCH and did not observe any gain.

@Qualcomm:   Thank you for the question. the UCI size remains the same in both TxSP as well as STx2P. But we disagree why it may be an unfair comparison: 
1- To analyse the performance of  STxMP PUCCH+PUCCH in multi-DCI, the BLER of two SDMed PUCCH should be compared with BLER of two TDMed PUCCH. We don’t see why the payload of each SDMed UCI should be half of the payload of each TDMed PUCCH to make it a fair comparison. If proponents of STxMP PUCCH+PUCCH argue that this scheme should be supported for a latency reduction, even if the latency is reduced, a price that needs to be paid is inter-PUCCH interference which causes an increase in BLER.
2-  Multi-DCI SDM STx2P PUCCH+PUCCH in fact correspond to SDM transmission of two PUCCHs each of which associated with one of the two PDSCHs in a m-DCI SDM STx2P PDSCH+PDSCH. The question is why the payload of a UCI corresponding to a m-DCI STx2P PDSCH should be half of the payload of a UCI corresponding to a TxSP PDSCH?
Finally, as for the latency reduction, we don’t recall seeing any tangible latency analysis of SDM STx2P PUCCH+PUCCH vs. TxSP PUCCH in proponents t-docs. Sending two PUCCHs at the same time, at best, nominally reduces a part of layer 1 latency which is just a fraction of the overall end to end latency (including higher layer latency and the delay between PDSCH reception to HARQ Tx). And even that comes at the price of a higher PUCCH BLER which actually may result in HARQ re-Tx and even increasing the overall latency. 

	QC
	
	@Huawei: Thank you for the follow-up. We would like to clarify some misunderstanding as below:
· Regarding “the BLER of two SDMed PUCCH should be compared with BLER of two TDMed PUCCH”, yes we agree. But then, do you use the same number of resources (same number of RB/symbols) between TDM and SDM? Otherwise, the BLER of TDM may be better but it is using twice the resources. Then, is it fair comparison between TDM and SDM by just looking at BLER? We do not think so.   
· Regarding “price that needs to be paid is inter-PUCCH interference which causes an increase in BLER”: This is not necessarily the case for multi-DCI. The two PUCCHs may be overlapping in time but non-overlapping in frequency, which still achieves the latency reduction benefit.
· Regarding latency reduction, I think we can all agree that reducing “layer 1 latency” is the main focus in RAN1, which has been the motivation for many features so far, e.g., span-based PDCCH, sub-slot based PUCCH, PUSCH repetition Type B, mTRP FDM PDSCH Schemes A/B, etc.
· In addition, as I commented above, latency reduction is not the only point of this enhancement. Relaxing strict Rel-16 scheduling restrictions is a more important benefit as the examples above illustrate.

	Samsung
	
	@QC: Thank you for further clarification. For power perspective, I see what your point is (if not coverage-limited). 
But for spec impact on UCI multiplexing, we are not sure that the spec impact is limited. We think many conditions for multiplexing should be considered, e.g., DCI for activation of SPS CSI reporting, handling PUCCH for periodic CSI reporting or overlapping condition for PUCCH with CSI and two PUCCHs with HARQ and so on. 

	Lenovo
	Yes 
	Similar view with QC.

	Mod
	
	According to the comments received so far. The proposal is updated as follows:
· The proposal of “Further performance  ” is removed. 
· The whole proposal is changed to make an conclusion on the work scope if multi-DCI based PUCCH+PUCCH is supported, the purpose for this is to align the understanding among companies.
Please share your views on that.

	QC
	
	@Samsung: Thank you for the response. In our understanding, the spec impact is not large. For DCI for activation of SPS CSI reporting, given that it is on PUSCH, it should not impact PUCCH+PUCCH enhancement. For other parts, we think per-TRP UCI multiplexing can handle all cases. 
@Mod: Given the wide support, and the fact that concerns have been addressed, we prefer to have an agreement instead of conclusion.    



Summary of Round 2 
On the initial proposal 3-2: companies proposed to remove the bullet of “further performance”. Accordingly, the proposal was updated to make an conclusion to align on the understanding of work scopes for multi-DCI based PUCCH+PUCCH if multi-DCI based PUCCH+PUCCH is supported. In round 2, there is no chance for most of companies to comment yet. So let us continue the discussion on this proposal in Round 3.
Proposal for Round 3 Discussion

Here is the proposal on a collusion.
Proposal 3-2 on one Conclusion: If STxMP PUCCH+PUCCH in multi-DCI based mTRP system is supported, the work scope includes:
· Specify per TRP UCI multiplexing rule. For PUCCHs of each TRP, how to multiplex the UCI still follows the current specification.
· The case of PUSCH+PUCCH is out of scope of this issue.

Comments on Updated Proposal 3-2
	Company 
	Support (Yes/No)
	Comments

	Mod
	
	@QC, to align the common understanding, an “conclusion” looks like more proper. However, let us hear views on this from more companies. 
@All, please also share you views on whether there should be a ‘conclusion’ or ‘agreement’ 

	QC
	
	I am copying Huawei’s comments and QC’s response which is present in folder round 2 but is absent from this version:
· QC: Regarding “the BLER of two SDMed PUCCH should be compared with BLER of two TDMed PUCCH”, yes we agree. But then, do you use the same number of resources (same number of RB/symbols) between TDM and SDM? 
· HW: We simulated Format1 with 1RB per PUCCH with the same number of symbols per PUCCH (4 symbols). 
· QC: Thanks for confirming this. Then, for comparing against TDM, the amount of resources in baseline is twice compared to STxMP.
QC: Otherwise, the BLER of TDM may be better but it is using twice the resources. Then, is it fair comparison between TDM and SDM by just looking at BLER? We do not think so.  
· HW: BLER is always a criterion. Agree with you that it may not be the only criterion. However, all companies agreed on EVM for LLS and HW was the only company that actually performed evaluation for STxMP PUCCH+PUCCH in multi-DCI. 
· QC: The point is that when one compares the BLER of Scheme X and Scheme Y, allocating twice the resources to Scheme X and then comparing the BLER is not fair. You can still compare the BLER but normalize the total amount of resources to be the same for both schemes.
 
· QC: Regarding “price that needs to be paid is inter-PUCCH interference which causes an increase in BLER”: This is not necessarily the case for multi-DCI. The two PUCCHs may be overlapping in time but non-overlapping in frequency, which still achieves the latency reduction benefit.
· HW: OK. But if SDM PUCCHs are FDMed then STxMP will use the same number of  resources as TDM. Above, you argued that it is not fair to compare the BLER of SDM STxMP with TDM since SDM STxMP uses less resources.
· QC: These are two different flavors of PUCCH+PUCCH. As mentioned before, even for FDM PUCCH+PUCCH, the latency reduction is still there, but total resources is the same as TDM. In the previous bullet, I was referring to SDM PUCCH+PUCCH (completely overlapping)
· QC: Regarding latency reduction, I think we can all agree that reducing “layer 1 latency” is the main focus in RAN1, which has been the motivation for many features so far, e.g., span-based PDCCH, sub-slot based PUCCH, PUSCH repetition Type B, mTRP FDM PDSCH Schemes A/B, etc.
· HW: We have not seen any analysis even for L1 latency reduction. Even if only L1 latency is considered, the use of SDM may only reduce a fraction of L1 latency as the larger part of L1 latency is the delay between PDSCH Tx and the corresponding HARQ-Tx. Further, if PUCCH BLER is increased as in the case of SDM PUCCH using STxMP, it may result in HARQ retransmission and even an increase in L1 latency. 
· QC: As we discussed above, there are 3 benefits: 1) Relaxing strict Rel-16 scheduling restrictions (please see the examples above) 2) Overhead reduction (in case of full overlap) 3) Latency reduction. At least in my view, the order of importance of the benefits is based on what is listed. For L1 latency reduction, I believe it is clear. I am not sure if we need evaluation for L1 latency reduction part. Regarding the increase of the BLER, please see my response above at the beginning of this reply.

	ZTE
	Yes
	

	CATT
	Yes
	UCI multiplexing can be performed within each TRP/panel. For example, UCI can be multiplexed on PUSCH which have the same TCI state or the same CORESETPoolIndex value as the UCI.


	LG
	Yes
	

	NTT Docomo
	Yes
	

	Samsung
	
	First, we don’t think PUCCH is not the bottleneck to increase performance in NR system. For the spec impact perspective, per-TRP UCI multiplexing rule can be applied generally, however, there are lots of handling rules for many possible overlapping cases. Therefore, we don’t want to make large efforts to change specification without very clear requirement on mDCI based PUCCH+PUCCH. However, if the majority wants to study further this feature, we are fine with this conclusion and let’s check further details. 

	Spreadtrum
	Yes
	

	vivo
	yes
	

	HW
	No
	To QC: 

Thanks for the discussion. as discussed before, to analyze the performance of  STxMP PUCCH+PUCCH in multi-DCI, the BLER of two SDMed PUCCH should be compared with BLER of two TDMed PUCCH. We don’t see why the payload of each SDMed UCI should be half of the payload of each TDMed PUCCH to make it a fair comparison. Multi-DCI SDM STx2P PUCCH+PUCCH in fact correspond to SDM transmission of two PUCCHs each of which associated with one of the two PDSCHs in a m-DCI. Again, the question that we have to reiterate is why the payload of a UCI corresponding to a m-DCI PDSCH should be half of the payload of a UCI corresponding to a TxSP PDSCH? If QC and other proponent companies have a good reason for such a halved UCI payload, we would be more than happy to look into their BLER curves but, unfortunately, none of the proponent companies provided any BLER analysis regardless of the UCI payload of  STxMP PUCCH+PUCCH w.r.t to the baseline TDMed PUCCH. 
You brought three reasons to motivate supporting STxMP PUCCH+PUCCH: 
“As we discussed above, there are 3 benefits: 1) Relaxing strict Rel-16 scheduling restrictions (please see the examples above) 2) Overhead reduction (in case of full overlap) 3) Latency reduction. At least in my view, the order of importance of the benefits is based on what is listed.”
For 1) (relaxing strict scheduling restriction) , we don’t see PUCCH scheduling restriction  as the bottleneck of NW performance. In fact, the motivation behind 1) is nothing but latency reduction 3) (which, according to your above view, is the least important concern) since, for instance, in Example 2 in QC t-doc (brought also below), the error case can be resolved by delaying a bit PUCCH2 (NW schedule the two PUCCHs without overlap). We don’t see if the latency is not the real concern in 1, why such a simple fix cannot be used and instead we have to go through a lot of specification to support PUCCH+PUCCH StxMP and the ensuing UCI multiplexing rules. 
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Regarding 2) (overhead reduction), we are not sure how PUCCH+PUCCH STxMP would reduce the overhead. Could you please explain.
Regarding 3) (Latency reduction-QC’s least important concern), as we explained before, we don’t recall seeing any tangible latency analysis of SDM STx2P PUCCH+PUCCH vs. TxSP PUCCH in proponents t-docs. Sending two PUCCHs at the same time, at best, nominally reduces a part of layer 1 latency which is just a fraction of the overall end to end latency (including higher layer latency and the delay between PDSCH reception to HARQ Tx). And even that comes at the price of a higher PUCCH BLER which actually may result in HARQ re-Tx and even increasing the overall latency.

Given all above, we do not support STxMP PUCCH+PUCCH in multi-DCI based mTRP system and we don’t believe there is a need for this proposal. 

	QC
	
	@Huawei: Thank you for the follow-up.
The first part of your comment seems to be a misunderstanding about our previous comment. 
· Earlier, after you explained the baseline is TDM, I agreed with you that same UCI payload is reasonable (please see the complete discussions above). 
· However, with this assumption, allocating twice the resources to TDM and then comparing BLER wrt overlapping PUCCH+PUCCH with half resources is not fair unless if you are considering the benefit of 2 (overhead reduction). However, from your contribution / discussions above, it seems you do not consider this as a benefit. Then, the resources should be normalized for proper BLER comparison.  
For the second part of your comment:
· Regarding your comment “the motivation behind 1) is nothing but latency reduction 3)”, this is not the case. With non-ideal backhaul (which is the reason for Rel-16 separate HARQ-Ack and hence those error cases), TRP1 does not know where TRP2 will schedule HARQ-Ack. Hence, two TRPs need to coordinate and divide the resources semi-statically. This not only result in inefficient use of resources, but also coverage loss, as long PF and/or multiple PUCCH repetitions cannot be used by one TRP even if the other TRP does not schedule any HARQ-Ack for a period of time. 
· Regarding 2) (overhead reduction), please see the point mentioned above, which I believe overhead reduction is already assumed in your simulations, right? As discussed, if one chooses the BLER as criteria for evaluation, the proper way is to use the same amount of resources, in which case there is obviously no overhead reduction but other benefits still remain. Also, as I explained in response to Samsung, with power assumption 2, there is no impact. Even with power assumption 1, the feature can be used in non-coverage-limited scenarios just like the feature of “two PUCCH groups” can be used today.  
· Regarding 3), it seems a copy-paste from your previous reply. Not sure if that was the intention. Reducing L1 latency is also important (just because it is listed as the third benefit, it does not mean it is not important. It just means that other benefits are more important). RAN1 has designed multiple features before with the focus of L1 latency reduction, such as PUSCH repetition Type B, sub-slot PUCCH, etc. I am not sure what kind of analysis you are referring to as it seems that you also agree with L1 latency reduction benefit.



	Lenovo
	
	The second bullet is not needed since it has been clearly stated in the WID.

	Ericsson
	No
	We don’t see why we need this agreement/conclusion. Overall, we are reluctant to specify UCI multiplexing – it has turned out to be very complicated also in legacy.

	Huawei, HiSilicon
	No
	@ Qualcomm:

Thanks for further follow up. I don’t think we have any misunderstanding in your previous views. Regarding the BLER issues, I am afraid that it seems that we are going around a circle. 

Should BLER be the only criterion to decide whether or not STxMP PUCCH+PUCCH in multi-DCI based mTRP system is supported? The answer is obviously “No”. 

However, it should be a criterion since it is an indication of the reliability of the scheme. What we are saying that RAN1 agreed an EVM for both s-DCI and m-DCI STxMP PUCCH in RAN1 110 but HW was the only company that performed LLS for m-DCI based PUCCH + PUCCH and did not observe any gain. 

If it is important for companies to support a scheme, I think it is quite fair to expect that they perform LLS based on their own agreed EVM (I hope you agree with this point). 

Then, there is the issue of total UCI payload for a fair comparison. I am glad that you agreed with me that “same UCI payload is reasonable” for each of the PUCCHs of STxMP and each of the two TDMed PUCCH. Now if the two PUCCHs of STxMP are on the same TF resources and are only SDMed, I agree with you that there will be less TF resources used compared to two TDMed PUCCH (one may call this “overhead reduction” of STxMP PUCCH). However, as I said before, there is a price that have to be paid and it is an increase in BLER (as we analyzed in our t-doc). As you said in an earlier round, STxMP PUCCHs may be FDMed too to avoid the price of an increase in BLER. You are right, but then there wont be any reduction in the total used resources (no overhead reduction). You may further say that although FDMed STxMP PUCCHs occupy the same total resources but have a reduced latency compared to two TDMed PUCCH. Again, you would be right. But, then you would be motivating m-DCI STxMP PUCCH based on its L1 latency reduction (similar to some other companies). Again, as we discussed in earlier rounds, there has not been any analysis in L1 latency reduction in any t-doc. As I said in the last round (and I did not get any response about it) “Sending two PUCCHs at the same time, at best, nominally reduces a part of layer 1 latency which is just a fraction of the overall end to end latency (including higher layer latency and the delay between PDSCH reception to HARQ Tx). And even that comes at the price of a higher PUCCH BLER which actually may result in HARQ re-Tx and even increasing the overall latency.” In particular, we would like to see from proponent companies an analysis on how much transmiting two PUCCHs at the same time may reduce the overall L1 latency which, in our view, is mainly due to the latency from PDCCH reception for PDSCH to HARQ Tx. And if such a potential latency reduction warrants specifying the STxMP PUCCH scheme. Such analysis should also consider the increased BLER if two PUCCHs are SDMed on the same TF resources since such an increase in BLER may result in the need for HARQ re-Tx resulting in an increase in overall L1 latency. 


	QC
	
	@Huawei: 
Appreciate the response, and glad to see that at least on some aspects we are developing a common understanding. Is it fair to say the following are acceptable common point that we can agree on?
· W/o considering benefit 2 (overhead reduction in terms of T/F resources), a proper BLER comparison should use the same amount of resources between baseline (TDM) and the enhancement for STxMP
· W/ considering benefit 2 (overhead reduction in terms of T/F resources), BLER alone cannot determine the gain of STxMP, and other factors such as benefits 1/2/3 should be also taken into account.
If you agree with the above, then I do not see how we can only use the BLER in Huawei’s LLS to conclude this scheme is not useful.
 
Furthermore, for benefit 1 and 3, I do not think performing LLS is relevant. As I clarified before, benefit 1 is the most important one, and it is different than latency reduction. I hope you at least agree with this part, and I would also welcome any suggestion on framework to perform LLS for benefit 1, if you think LLS is required for this part. 






Other Issues
If there are other issues that should be discussed, please indicate them below.
Companies’ views:
	Company Name
	Comments

	Nokia/NSB
	To improve further the configuration flexibility and DMRS channel estimation quality for simultaneous multi-panel PUSCH transmission in Rel-18, it would be beneficial to consider different ways to dynamically change between different DMRS configuration types for per PUSCH transmission. Current specification defines that DMRS type (i.e. type-1 or type-2) is semi-statically configured and valid for all PUSCH transmissions within a cell. Therefore, the current specification does not allow the possibility to adapt DMRS type according to TRP specific channel conditions for each PUSCH transmission. As a result of this, UL DMRS channel estimation quality can be degraded leading to degradation in PUSCH performance. Furthermore, DMRS resource overhead may turn out to be too high restricting efficient resource utilization. Based on this discussions, Rel-18 should support configuration of DMRS type per UL PUSCH transmission and study further different options how to support it.  

Proposal 3: Support configuration of DMRS type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.

Current specification defines that single precoding type (i.e. codebook or non-codebook) is semi-statically configured and valid for all PUSCH transmissions within a cell. Therefore, the specification does not allow possibility adapt precoding type according to TRP specific channel conditions for each PUSCH transmission. However, from a system perspective, this can be seen as a beneficial feature for providing further performance enhancements into simultaneous multi-panel PUSCH transmission because channel conditions associated with links between different TRPs and UE may vary significantly. Furthermore, additional performance gains can be expected when different precoding types could be jointly used for simultaneous multi-panel PUSCH transmission in M-TRP operation.      
Proposal 4: Support configuration of precoding type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.


	ZTE
	Given that simultaneous uplink transmission in MTRP operation targets for different types of UE device (i.e., CPE,FWA, vehicle, industrial devices), it is beneficial to provide greater diversity for transmission schemes because of various MP-UE implementations. In addition to SDM scheme, FDM-B scheme can be supported. For FDM-B scheme, two PUSCH repetitions can be transmitted by two beams of different frequency domains but within the same time domain and occupy the same transmission layers. Compared with SDM scheme, the most advantage of this scheme may be no inter-layer transmission interference due to FDMed multiplexing. Besides, this scheme could reduce latency additionally when compared with Rel-17 TDM based MTRP PUSCH repetition scheme. 
Proposal: Support FDM-B scheme for single DCI based STxMP PUSCH transmission when considering the performance gain of transmission reliability, latency reduction, and the diversity of transmission scheme for MP-UE implementation.



Contributions for RAN1#110bis-e
1) [bookmark: _Hlk115688280]R1-2208444	Discussion on UL precoding indication for multi-panel transmission	Huawei, HiSilicon
2) R1-2208498	Further Discussion for Uplink Multi-panel Transmission	InterDigital, Inc.
3) R1-2208507	Enhancements on UL precoding indication for multi-panel transmission	ZTE
4) R1-2208544	Discussion on UL precoding indication for multi-panel transmission	Spreadtrum Communications
5) R1-2208631	Discussion on UL precoding indication for multi-panel transmission	vivo
6) R1-2208678	UL precoding indication for multi-panel transmission	Ericsson
7) R1-2208745	UL precoding indication for multi-panel transmission	Lenovo
8) R1-2208797	Transmission scheme and UL precoding indicaton for multi-panel transmission	OPPO
9) R1-2208875	On Simultaneous Multi-Panel Transmission	Google
10) R1-2208896	UL precoding indication for multi-panel transmission	LG Electronics
11) R1-2208950	UL precoding indication for multi-panel transmission	CATT
12) R1-2209009	Discussion on UL precoding indication for multi-panel transmission	Fujitsu
13) R1-2209044	UL precoding indication for multi-panel transmission	Intel Corporation
14) R1-2209143	Discussion on UL precoding indication for multi-panel transmission	NEC
15) R1-2209261	Enhancements on multi-panel uplink transmission	xiaomi
16) R1-2209325	Discussion on UL precoding indication for multi-panel transmission	CMCC
17) R1-2209384	Views on UL multi-panel transmission	Sharp
18) R1-2209496	Simultaneous transmission across multiple UE panels	MediaTek Inc.
19) R1-2209549	On UL precoding indication for simultaneous multi-panel transmission	Fraunhofer IIS, Fraunhofer HHI
20) R1-2209573	Views on UL precoding indication for multi-panel simultaneous transmissions	Apple
21) R1-2209719	Views on UL precoding indication for STxMP	Samsung
22) R1-2209893	Discussion on multi-panel transmission	NTT DOCOMO, INC.
23) R1-2209972	Simultaneous multi-panel transmission	Qualcomm Incorporated
24) R1-2210026	UL precoding for multi-panel transmission	PANASONIC
25) R1-2210066	Precoder Indication for Multi-Panel UL Transmission	Nokia, Nokia Shanghai Bell
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