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In this contribution, we express Qualcomm’s view on the following three Rel-19 MIMO topics recently proposed and discussed in RAN1, which are not in the scope of Rel-19 MIMO WID [2].
· Multi-TA for asymmetric DL sTRP / UL mTRP
· Reduced complexity MIMO for 6Rx/8Rx UE
· UL precoder cycling
Multi-TA for asymmetric DL sTRP/UL mTRP
During the Rel-19 MIMO scoping discussion in RAN plenary last year, the following two objectives were proposed and discussed for asymmetric DL sTRP/UL mTRP deployment scenarios [4]:
· Objective 1: Extension of Rel-18 2TA mDCI to sDCI assuming legacy PRACH resources
· Objective 2: Separate UL power control for SRS only to downlink S-TRP from SRS to UL M-TRP and introduce path loss measurement to uplink M-TRP.

In RAN plenary#102 meeting, the new WID for NR MIMO phase 5 was approved [2] where Objective 1 for asymmetric DL sTRP/UL mTRP deployment scenarios was removed from the scope considering the limited number of TUs.
However, in the RAN1#117 meeting, the out-of-scope topic related to two TAs for asymmetric DL sTRP/UL mTRP deployment scenarios was brought up and discussed [3], and companies were encouraged to consider it for further discussion in RAN1#118 (August) meeting.
	Proposal 3.1:
To fulfil the asymmetric DL sTRP/UL mTRP deployment scenarios, support two TAs for single DCI based multi-TRP/panel and single TRP.
· Reuse Rel-18 specification of two TA for multi-DCI based multi-TRP/panel and remove the restriction that coresetPoolIndex needs to be configured.
Companies are encouraged to consider above for further discussion in RAN1#118.



In the approved WID [2], the intra-band intra-DU non-co-located mTRP scenarios is assumed for asymmetric DL sTRP/UL mTRP deployment scenarios. In this case, the propagation delay to different UL TRPs is usually different and thus two TAs are needed. On the other hand, in Rel-18, two TAs are specified for mDCI based mTRP and UE can be configured with two TAGs only when two coresetPoolIndex values are configured as shown in the following highlighted part. Due to this restriction, the existing two TAs cannot be used for asymmetric DL sTRP/UL mTRP deployment scenarios given that DL is sTRP in which case at most coresetPoolIndex can be configured in such scenario.  
==============TS 38.214 v18.2.0==================   
6.1 UE procedure for transmitting the physical uplink shared channel
[...]
If a UE is configured by higher layer parameter PDCCH-Config that contains ControlResourceSets with two different
values of coresetPoolIndex for the active BWP of a serving cell, or if a UE is configured with SSB-MTC-AddtionalPCI
and with PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, and if the UE is
configured with [twoTAGs] and is configured with dl-OrJointTCI-StateList or TCI-UL-State for a serving cell, each
TCI-State or TCI-UL-State is associated with a [TAG-ID] for determining timing adjustment for a corresponding UL
transmission as described in Clause 4.2 of [6, TS 38.213]. The UE does not expect that TCI-states or TCI-UL-States associated with one coresetPoolIndex to correspond to two TAGs.
===============================================  

Proposal 1: While acknowledging that two TAs are not in the original scope of the Rel-19 MIMO WI, the Plenary should reconsider the scope, and on an exception basis, agree to the following text proposal to TS 38.214 V18.2.0 Section 6.1, without the need to update the WID and without the need for further RAN1 study in August:
	6.1 UE procedure for transmitting the physical uplink shared channel
---------------------------------------------------Unchanged part are omitted-------------------------------------------------------------
If a UE is configured by higher layer parameter PDCCH-Config that contains ControlResourceSets with two different
values of coresetPoolIndex for the active BWP of a serving cell, or if a UE is configured with SSB-MTC-AddtionalPCI
and with PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, and iIf the UE is configured with [twoTAGs] and is configured with dl-OrJointTCI-StateList or TCI-UL-State for a serving cell, each
TCI-State or TCI-UL-State is associated with a [TAG-ID] for determining timing adjustment for a corresponding UL
transmission as described in Clause 4.2 of [6, TS 38.213]. The UE does not expect that TCI-states or TCI-UL-States associated with one coresetPoolIndex to correspond to two TAGs.
---------------------------------------------------Unchanged part are omitted-------------------------------------------------------------




[bookmark: _Ref168659308]Reduced-complexity MIMO receiver for 6/8 Rx UE
During the scoping of Rel-19 MIMO in RAN last year (2023), reduced MIMO complexity for 6Rx/8Rx UE was discussed as topic 6 in [4][1].Topic 6: 6Rx/8Rx UE enhancements with lower complexity utilizing two segments of 3/4 Rx antenna units up to 8-layer DL Tx based on legacy codebook and legacy codeword to layer mapping
· Objective 1: SRS antenna port grouping, CSI and codeword association to the segments of receive antenna.

This topic was removed in the final WID of Rel-19 MIMO [2]. 
In RAN1#117 meeting, the following proposal to revive the above topic is proposed in [3] and treated with the following documented in [4].
	Proposal 1.A.2: 
For a UE configured with a total of PSRS=6 or 8 ports across ≥1 SRS resources for antenna switching intended for xT6R or xT8R, respectively, support the following fixed SRS port grouping where (with the PSRS ports indexed in an ascending order according to SRS resource ID and port number within each SRS resource): 
· SRS port group 0, corresponding to CW0, comprises the first PSRS/2 out of PSRS ports; and 
· SRS port group 1, corresponding to CW1, comprises the second PSRS/2 out of PSRS ports 
No other spec enhancement is introduced, e.g. new CW-to-layer mapping, DL resource allocation, DCI format 
Note: The above grouping assumption is to align NW and UE on the association between SRS ports and reported CQIs for the two CWs when reportQuantity = ‘cri-RI-CQI’.
Note: different SRS ports are associated with different UE antenna ports.
Note: if one single CW is scheduled, both SRS port groups can correspond to the same CW
Note: This feature is a separate UE capability and, for UEs supporting this capability, configured via RRC (FFS details on the extend of RRC configuration)
Companies are encouraged to evaluate for further discussion in RAN1#118.



While we acknowledge that the currently proposed topic is lesser in scope than that originally proposed (and not adopted), many of our concerns regarding the original proposal equally apply to the new proposal. 
In our view, firstly, the above Proposal 1.A.2 discussed in RAN1 #117 is out of the scope of current Rel-19 MIMO WID. From procedure perspective, RAN1 should not study/evaluate this proposal until RAN plenary updating Rel-19 MIMO WID to include this (modified) topic. 
Secondly, this topic needs a careful study of performance degradation vs complexity reduction to understand the cost-benefit tradeoff of this simplified MIMO receiver. It is premature to agreeing on specify this simplified MIMO receiver scheme in RAN1 without a study phase. 
Thirdly, new demodulation requirements are needed for this simplified MIMO receiver. In addition, new REFSENS requirements and new CQI reporting performance requirements may be needed. RAN4 is needed to be involved in the study and (if justified) standardization of this scheme. 
Lastly, some technical caveats of the proposal are listed below. They need to be addressed/clarified by the proponents of the proposal.  
· Regarding this statement “if one single CW is scheduled, both SRS port groups can correspond to the same CW” in the proposal,
· Should the two Rx groups do LLR combining (option1), or just use one Rx group (option2), to do demodulation/decoding?
· Option1 requires new demodulation requirements defined in RAN4, for LLR combining, while option2 may reuse existing requirements for 4Rx UE. But option 2 might suffer performance degradation. 
[image: ]
Figure 1. Reduced complexity MIMO via two Rx groups: (a) 2-CW case; (b) single-CW case with LLR combining

· Regarding this statement “No other spec enhancement is introduced, e.g. new CW-to-layer mapping, DL resource allocation, DCI format” in the above proposal, 
· Since existing CW-to-layer mapping always assume  layers for CW0 and  layers for CW1 (where  denotes total rank), this creates two coupled ranks for the two Rx groups.
· For example, for odd total rank, Rx group0 always has one less layer than Rx group1.
· How much would such rank restriction impact performance?
· Regarding statements “SRS resources for antenna switching” “fixed SRS port grouping where (with the PSRS ports indexed in an ascending order according to SRS resource ID and port number within each SRS resource)… SRS port group 0… first PSRS/2…; … SRS port group 1… second PSRS/2…” in the above proposal,
· Rx port grouping may depend on the UE antenna correlation, imbalance etc.;
· UE may not be able to always group the ports by fixedly mapping the antennas to the SRS resources for antenna switch, e.g. due to the RF switching circuitry implementation.
· Besides, evaluation assumption is not clear in [3], e.g. 
· For a practical assumption, zero-forcing or maximized SLR should be done at gNB side (which reduces mutual interference b/w the two Rx groups, while it may also lower-down the precoding gain for each Rx group)
· Or, whether it simply assumes two individual SVDs without mutual interference mitigation?
· Whether CQI feedback (and also RI, for the non-PMI report ‘cri-RI-CQI’) is modelled in the evaluation?
In the following, a preliminary study is performed to compare the performance of the above proposal (8 Rx with SRS port grouping) with the existing Rel-15 MIMO scheme (8Rx without SRS port). Key simulation assumptions are listed as below. 
	Parameters
	Values

	Simulation BW
	64 RBs

	Channel
	CDL-B 

	Delay Spread
	100 ns

	Doppler Shift
	100 Hz

	gNb TxRUs
	 64

	Layers
	8

	SRS Periodicity
	10 Subframes

	SRS Channel Estimation
	Genie

	DMRS Channel Estimation
	Genie

	MCS
	Fixed (MCS 18)

	PDSCH retransmissions
	Enabled

	gNb Precoder selection
	SVD based on 8Tx SRS for the existing Rel-15 MIMO scheme
SVD with ZF based on 2 x 4 SRS for with port grouping

	NumRbsWithSamePrecoding
	4 RB

	Intercell interference 
	Not modelled



One should notice that the above simulation assumptions are in favour of the proposal of port grouping, because of the following three “shortcuts” took in the preliminary study. 
· Intercell interference is not modelled. One issue of the SRS port grouping scheme is that there is no PMI feedback from UE, i.e., the scheme fully depends on gNB to select PMI that can null the interference between the two port groups. However, gNB does not see interference received at UE side. The precoder gNB selected will cause leakage between the two groups hence further performance loss, which is not captured in this preliminary study. 
· SRS estimation is this preliminary study is genie. Since the SRS port grouping scheme is sensitive to precoder selection to null interference between two groups, the genie SRS channel is in favour of the port grouping scheme. With realistic SRS channel estimation, one should expect further performance degradation for port grouping.  
· CQI/RI feedback is not modelled. In a real system with this SRS port grouping scheme, a UE has to calculate and feedback CQI/RI based on certain precoder assumption. However, due to the port grouping, the UE cannot perform interference suppressing base precoding in CQI/RI calculation, while gNB will perform interference suppressing such as ZF in precoder determination. Therefore, there is a precoding assumption mismatch between UE and gNB in this scheme, which is not modelled in this preliminary simulation.    

In the following figure, we observed that even with simulation assumptions in favour of SRS port grouping, port grouping generates near 3~4dB performance loss comparing with the existing Rel-15 MIMO scheme. In terms of peak throughput at high SNR, the loss is about 24%. 
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With the above analysis of the proposal and the observation from preliminary simulation, we have the following proposal. 

Proposal 2: Don’t support SRS port grouping scheme for simplified 6Rx/8Rx MIMO receiver without a study phase being added in an updated Rel-19 MIMO WID. Any such change should be discussed together with other up-scoping proposals.  

UL precoder cycling
Open loop based UL precoder cycling was briefly mentioned in [1] but not included in the Rel-19 MIMO WID. In RAN1 # 117, a proposal is proposed to define UL PRG to enabling open loop UL precoding cycling. 
Similar to the previous topic as discussed in Section 3, a study phase is needed to evaluate the UL precoder cycling scheme to understand its performance benefit and specification impact, before agreeing on specifying it. Specifically, we think the study at least need to address the following questions. 
· What is the performance difference between UL precoder cycling and S-CDD for PUSCH. 
· What SRS enhancement is needed for precoder cycling, e.g., whether introduce new SRS port(s) with precoder cycling to match the channel between SRS and PUSCH. 
· How to perform RAN4 testing if the precoding cycling is transparent to standards. 
· What are the details of PRG configuration? How about PRG configurability?

Proposal 3: A study phase is needed for UL precoding cycling scheme if it is added in an updated Rel-19 MIMO WID. 

Conclusions
In this contribution, we gave our views on the following three Rel-19 MIMO topics recently proposed and discussed in RAN1, which are not in the scope of Rel-19 MIMO WID.
· Multi-TA for asymmetric DL sTRP / UL mTRP
· Reduced complexity MIMO for 6Rx/8Rx UE
· UL precoder cycling

Subsequently, we made the following proposals:  

Proposal 1: While acknowledging that two TAs are not in the original scope of the Rel-19 MIMO WI, the Plenary should reconsider the scope, and on an exception basis, agree to the following text proposal to TS 38.214 V18.2.0 Section 6.1, without the need to update the WID and without the need for further RAN1 study in August:
	6.1 UE procedure for transmitting the physical uplink shared channel
---------------------------------------------------Unchanged part are omitted-------------------------------------------------------------
If a UE is configured by higher layer parameter PDCCH-Config that contains ControlResourceSets with two different
values of coresetPoolIndex for the active BWP of a serving cell, or if a UE is configured with SSB-MTC-AddtionalPCI
and with PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, and iIf the UE is configured with [twoTAGs] and is configured with dl-OrJointTCI-StateList or TCI-UL-State for a serving cell, each
TCI-State or TCI-UL-State is associated with a [TAG-ID] for determining timing adjustment for a corresponding UL
transmission as described in Clause 4.2 of [6, TS 38.213]. The UE does not expect that TCI-states or TCI-UL-States associated with one coresetPoolIndex to correspond to two TAGs.
---------------------------------------------------Unchanged part are omitted-------------------------------------------------------------



Proposal 2: Don’t support the SRS port grouping scheme for simplified 6Rx/8Rx MIMO receiver without a study phase being added in an updated Rel-19 MIMO WID. Any such change should be discussed together with other up-scoping proposals.  

Proposal 3: A study phase is needed for UL precoding cycling scheme if it is added in an updated Rel-19 MIMO WID. 
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Port Grouping Performance Loss Compared to Existing Rel-15 MIMO Scheme = 23.9837%
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