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1. Introduction
As discussed in our company contribution [1], from the Rel-19 package proposals, Rel-19 MIMO/UL enhancement is one of the highest priority topics for us.
2. Overview on Rel-19 MIMO/UL enhancement 
Based on customer demand, requirement on UL capacity enhancement has been increasing for a lot of operators. Based on experience in LTE operation, deploying small cells in existing macro cell coverage is a good solution for DL/UL capacity improvement. However, deployment of dense small cells has a burden on cost to operators and causes large increase on DL interference. To gain the benefits of small cells deployment while to mitigate the pain of it, a UL-only TRP deployment with UL RX points only (e.g., small cells with UL RX capability only, and without DL TX capability) can be studied. On the other hand, if dense small cells are deployed, in such a HetNet deployment, DL/UL decoupling for DL/UL asymmetric issue can be also studied. For UL enhancement, Rel-18 MIMO has introduced up to 8-layer PUSCH transmission for 8TX UE, and STxMP for multi-panel UEs. But there are still some leftovers on 8TX and STxMP which are worthy of further study.
For FR2 operation, beam management is one of the key technologies. It is important to track the best DL/UL beam for data transmission. Currently, only gNB configured L1 beam measurement/reporting is supported. Even though P/SP/AP L1 beam measurement/reporting can be configured, it may not work well in realistic NW due to the contradiction between timely reporting and small reporting overhead. Thus, UE/event-triggered L1 beam measurement/reporting should be considered, which is able to provide timely reporting with small reporting overhead. This feature is important for our commercial NW.
Meanwhile, we have also identified the importance of some other issues which may not be related to UL or FR2 so strongly, e.g., UE-assisted calibration for CJT CSI, CSI enhancement for >32 ports, and 6/8 Rx with multiple UE panels for further DL improvement. And we think those features could be also considered in Rel-19 MIMO enhancements.
3. Discussion details
3.1 UL-only TRP (UL RX point) and DL/UL decoupling deployment 
In traditional macro cell deployment, UE communicates with the same cell for both of DL/UL transmissions. As shown in Fig.1, for cell edge UEs, the UL performance can be poor due to large pathloss and UE transmission power limitation. Small cell deployment can improve the UL performance with smaller pathloss as well as DL, however, larger cost because of more gNBs will be needed and the DL interference management will become more severe. To achieve cost/interference minimization as well as UL performance improvement at the same time, UL dense deployment can be considered, as shown in Fig.2. There is no DL transmission unit (e.g. no power amplifier) at small UL RX points, hence, lower cost can be expected. Moreover, given no DL transmission from such UL RX points, deployment management could be much easier. In this deployment, UE can receive DL transmission from another cell (e.g., the macro cell), while for UL, the UL RX point with smaller pathloss and/or larger received power from UE can be selected to receive UL signal from the UE. 
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Fig.1 Traditional macro cell deployment
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Fig.2 UL dense deployment
System-level simulation is conducted to evaluate the performance of UL dense deployment. In the simulation, only uplink traffic is considered. Within each macro cell, 1 to 4 small UL RX points are randomly deployed. The detailed simulation assumptions are shown in Table A-1 in appendix. To exploit the performance of UL dense deployment, UL multi-user scheduling is allowed, where UL transmissions toward different TRPs can be scheduled simultaneously, as shown in Fig. 3. The interference from UEs within the same macro cell is also considered in reception in simulation.
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Fig.3 UL resource allocation scheme
In UL dense deployment, when a UL RX point is selected for UL reception for a UE, how UE performs open loop TPC should be considered as there is no DL PL-RS from the UL RX point. One straightforward implementation method is to use PL-RS from macro cell for TPC for all the UL RX points within macro cell coverage. However, considering the smaller pathloss from UE to UL RX point than that from UE to macro cell, the calculated TX power at UE would be larger than what it requires for UL RX points. In an extreme case, the received power at UL RX point may exceed the dynamic range of receiver. Thus, more accurate TPC may need to be pursued. To investigate the need of such accurate TPC, enhanced method is also evaluated by using the actual pathloss of each UL RX point. In summary, following two cases are evaluated.
· Case1 (baseline): Pathloss of macro cell is used for TPC for all UL RX points within its coverage.
· Case2 (enhanced PL): Pathloss of each RX point is used for TPC for UL transmission to each RX point.
The average and edge SE performance gain of UL dense deployment over macro cell deployment is shown in Fig.4 (a) and Fig.4 (b), respectively. With the deployment of small UL RX points, the average SE is largely improved by approximately 60%-180%. But the edge SE performance of Case1 is worse than only macro cell deployment due to high interference caused by inaccurate TPC. With the increase of the number of UL RX points, the interference becomes severer for edge UEs. However, after using enhanced PL method, Case2 could significantly improve UL SE performance around cell edge, which results in 22%-43% edge SE performance gain over macro cell deployment.
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Fig. 4 Average and edge SE performance gain

Observation 1
· With the deployment of UL RX points, average SE performance over macro cell deployment is significant improved up to +180%.
· Edge SE performance is worse than macro cell deployment without TPC enhancement. After using enhanced PL method, Case2 significantly improves the edge UEs performance up to 43%.
The simulation results show that the deployment of UL RX points could improve average UEs performance. And the accurate PL or TPC is important to ensure and improve the performance of edge UEs in UL dense deployment. Although the results are evaluated in FR1, we believe similar issue also exists in FR2. Thus, we propose to study and specify the UL TPC enhancement for UL dense deployment.
[bookmark: _Hlk135211547]People may think there could be other implementation methods to resolve the issue on TPC, however, at this stage we do not see any valid approach based on the existing specifications with possible implementation only. For example, in TPC equation there is a term determining the per-RB target power, which is composed of the sum of cell-specific nominal target power and UE-specific differential target power (i.e., p0 and/or alpha). There is also a feature of closed-loop power control, in which a DCI can indicate power adjustment dynamically. It can be argued that implementing p0/alpha and/or closed-loop power control with a proper policy can resolve the issue. 
However, we do not think such approaches based on some legacy features work well. Firstly, we believe that these parameters have been utilized for other purposes already. One example is that NW may configure UEs requiring higher priority of their communication with larger p0. Therefore, if the legacy parameters have to be utilized for power adjustment towards UL RX points, NW needs to control those parameters based on multiple policies, which are completely different. It will make operations much more complex, or even worse, not achieve the purpose of UL performance improvements in some cases. Another point is that, when looking at the required power adjustment between macro cell and UL RX points, it is clear that the range of adjustments available for the legacy approaches is not sufficient. As shown in Fig.5 below, pathloss gap between ‘UE to macro cell’ and ‘UE to UL RX point’ is quite diverged, which is larger than 15 dB for 50% UEs. Given that the range of p0 is {-16..15}, it is not possible to achieve the proper adjustment by p0 configuration only. It is not proper to use CL-PC only either since adjusting larger gap of pathloss requires more TPC commands, which eventually needs more frequent DCI indication and large latency solely for CL-PC. 
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Fig. 5 Pathloss gap between ‘UE to macro cell’ and ‘UE to UL RX point’

Observation 2
· In the deployment with multiple UL RX points in a macro cell, pathloss gap to different RX points can exceed with 15 dB for 50% UEs. 
· Neither p0/alpha adjustment nor TPC command for CL-PC is proper for adjustment of power gap.

Based on the evaluation results above, we believe UL power control enhancement for UL signals/channels including PUSCH/PUCCH/SRS/PRACH is essential for achieving UL RX point deployment in real fields assuming the DL RS from UL TRP is ‘absent’. Also, in the scenario with UL RX point deployment, it is likely that DL and UL are associated with different TRPs even from a single UE perspective. It may imply that SRS for different usage (e.g., CB/NCB and antenna switching) may need to be transmitted toward different targets. This may require more efficient approaches for SRS power control, e.g., separate closed-loop procedure for SRS (involving TPC command, i.e., DCI format 2_3) in a CC, regardless of supporting SRS carrier switching, etc. Moreover, TA enhancement is also needed, considering different UL links to UL RX point and macro gNB. The two TAs enhancement for multi-DCI based M-TRP in Rel-18 can be extended to support UL RX point. Thus, two TAGs can be supported for UL only TRP operation assuming DL reference timing/SSB from UL RX point for one TAG is ‘absent’. In addition, for separate DL/UL beam indication in UL only TRP operation, gNB may want to indicate UL beam more frequently than DL beam. In Rel.17-18 unified TCI framework, only DL DCI can indicate UL/DL beam. If we allow UL DCI to indicate UL beam indication, one UL DCI can schedule PUSCH along with UL beam indication, and DCI overhead can be reduced. Separate UL beam indication for UL RX point based on unified TCI framework by UL grant DCI format can be also studied.
Some may point out that the above UL enhancement can (and should) be applicable to HetNet (with DL/UL decoupling deployment), in addition to UL RX point, to deal with DL/UL-asymmetric issue. For this HetNet scenario, similarly as UL RX point, two TAs enhancement, and UL beam indication enhancement can also be considered. For those two scenarios, we could focus on ideal backhaul and intra-cell first for both FR1 and FR2.
Some may also point out that actual enhancements required for the above issues may be different depending on which existing feature is the baseline, e.g., single TRP framework or multi-TRP framework. For example, reusing single DCI multi-TRP framework may be considered to solve the issues above. However, we would like to note that it may not completely solve some issues, e.g., PL-RS issue and TA issue. In addition, if single DCI multi-TRP framework is considered as a premise, the features may not be easily deployed in real fields since the gNB/UE are imposed to support multi-TRP framework. In this sense, it may be important to consider realistic feature (e.g., single TRP framework) as a baseline, and any enhancement on top of that scenario. And it may be also beneficial to additionally consider the enhancements based on multi-TRP framework to exploit the benefits of UL only TRP operation and DL/UL-decoupling deployment. 

Proposal 1
· Specify the following enhancements to enable UL only TRP operation or DL/UL-decoupling deployment (i.e. UE receives DL signal from DL TRP and UE transmits UL signal to UL TRP, where the location of DL TRP and UL TRP is different), mainly focus on ideal[/non-ideal] backhaul, intra-cell[/inter-cell] for both FR1 and FR2. 
· UL power control enhancement for UL channels, including PUSCH, PUCCH, SRS, and PRACH
· Configuration of pathloss value(s) assuming DL RS from UL TRP is ‘absent’
· Enhancement of SRS power control to each reception point (e.g., separate closed-loop procedure for SRS (involving TPC command, i.e., DCI format 2_3) in a CC, regardless of supporting SRS carrier switching)
· Two TAs enhancement
· PDCCH order from DL TRP to obtain TA for UL TRP assuming DL reference timing/RS from UL TRP for one TAG is ‘absent’
· UL beam indication enhancement
· UL beam indication for UL TRP based on unified TCI framework by UL grant DCI format

3.2 Enhancement on beam measurement/reporting  
In existing beam management procedure, network either configures frequent periodic beam reporting or triggers frequent aperiodic beam reporting to timely acquire the best beam for data transmission. It causes large reporting overhead or control signaling overhead. On the other hand, if less frequent beam reporting is configured, NW could not always acquire indicate the best beam due to outdated beam in a large reporting interval and the throughput would be degraded. Considering UE performs beam measurement and has better knowledge on variation of beam quality, we believe UE initiated beam reporting can be beneficial from perspectives of both reporting overhead and timely report. In UE initiated beam reporting, if UE identifies the current beam quality is getting worse, UE can initiate beam reporting so that gNB can recognize the beam quality without configuring/triggering frequent beam reporting.
In addition to UE initiated beam reporting, UE initiated beam switching/update is also beneficial. In existing beam management procedure, after receiving beam reporting from UE, NW updates TCI states activation by MAC CE command and/or indicates TCI state by DCI, which causes latency of beam switching as well as signaling overhead. With UE initiated beam switching, after beam reporting, UE can switch to the reported best beam directly without additional TCI state activation/indication from network. Such enhancement can be applied to both S-TRP and M-TRP scenarios.
Considering the work scope of Rel-19 MIMO, if sufficient TUs can be allocated, both UE initiated beam reporting and beam switching can be studied. On the other hand, if TUs are limited, Rel-19 can focus on UE initiated beam reporting only.

Proposal 2
· Support UE initiated L1 beam reporting and beam switching, for both S-TRP and M-TRP. If TUs are limited, support UE initiated L1 beam reporting only.

[bookmark: _Hlk144299047]3.3 Enhancement for DL
3.3.1 UE-assisted calibration for CJT for non-synchronized M-TRP
M-TRP CJT CSI is supported in Rel-18 with the assumption of ideal time/frequency synchronization among TRPs. However, in practical deployment, especially for inter-site M-TRP case, time/frequency of different TRPs may not be perfectly aligned. Ideally, the multiple TRPs can be calibrated by implementation and deployment work to make sure all the TRPs are always “coherent” during the operation. However, such a pre-calibration requires a considerable amount of efforts at operation side, which may cause a deferral of CJT CSI deployment itself. It is also very clear that without calibration among multiple TRPs, performance degradation will be caused for CJT CSI operation. To achieve the deployment of CJT CSI feature in real fields with reasonable effort, we think enhancements to support non-ideal synchronized M-TRP can be studied in Rel-19 to exploit the benefits of CJT transmission. A potential solution is UE reporting assistance information for calibration, e.g., delay or frequency difference among TRPs.

Proposal 3
· Support UE-assisted calibration for CJT with non-ideal synchronization among TRPs. 

3.3.2 CSI enhancement for >32 ports
Massive MIMO with larger antenna array can improve throughput and provide better coverage. However, the benefit of larger antenna array cannot be fully utilized with maximum number of CSI-RS ports limited to 32 as in Rel-18. We believe it is important to support > 32 ports CSI-RS resource measurement/configuration and corresponding CSI reporting in Rel-19. 
However, considering the backward compatibility and low RS overhead requirement, it is better to focus on extension of CSI-RS ports based on existing 32 ports CSI-RS resources instead of introducing brand new larger port CSI-RS. The work scope of enhanced CSI type should be also carefully considered considering both allocated TUs and the market needs. We believe enhancements on Rel-15 Type I CSI should be more important for NW operation. For eType II CSI, it is possible to reuse Rel-18 CJT CSI with gNB implementation, thus, it has lower priority than Type I CSI. 

Proposal 4
· Support CSI enhancement for > 32 ports based on Type I codebook.

3.3.3 6/8 Rx with multiple UE panels  
High rank transmission is important for throughput improvement. In current specification up to 8 Rx is supported for DL, however, it is not well utilized in real network due to high complexity and cost to implement 8 Rx receiver at UE. Thus, it is beneficial to specify the enhancements in Rel-19 to reduce UE complexity of supporting > 4 layers DL reception, so that the benefit of high rank transmission can be better exploited. A possible solution is to support 6/8 Rx with multiple 4Rx UE panels to reduce the complexity at receiver.

Proposal 5
· Support 6/8 Rx UEs with multiple panels.


3.4 Rel-18 leftovers
3.4.1 Further enhancement on STxMP
Simultaneous multi-panel transmission is supported in Rel-18. S-DCI based STxMP and M-DCI based STxMP have been supported. For M-DCI based framework, STxMP PUSCH+PUSCH transmission scheme is supported, i.e., two independent PUSCHs associated with different TRPs can be transmitted by a UE simultaneously on overlapping time resources. However, M-DCI based STxMP for PUCCH is not supported. In existing procedure, when a PUCCH transmission overlaps in time with another PUCCH or PUSCH transmission, according to certain rules in specification, the UCIs may be multiplexed to one PUCCH/PUSCH or one of the PUCCH/PUSCH may be dropped. In non-ideal backhaul case, semi-static resource coordination is needed between TRPs to avoid the overlapping between dynamic scheduling of different TRPs (e.g. different TRPs schedule PUCCH/PUSCH in different slots). Given UE is capable of simultaneous multi-panel transmission, we believe it is beneficial to support STxMP PUCCH+PUCCH and STxMP PUCCH+PUSCH transmissions, as shown in Fig. 6. With STxMP PUCCH+PUCCH and STxMP PUSCH+PUCCH supported, unnecessary dropping of PUCCH/PUSCH can be avoided, in addition, semi-static resource coordination between TRPs is not needed so that more resources and more flexible scheduling are available for each TRP.
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Fig.6 Examples of STxMP PUCCH+PUCCH and PUCCH+PUSCH transmissions

Another aspect is the support of asymmetric panel. In Rel-17, panel-specific capability report is supported by introducing UE capability value set. UE can report different supported maximum number of SRS ports for each UE capability value set and report UE capability value set index in beam reporting. In Rel-18 STxMP, it has been agreed for S-DCI based STxMP that the same maxRank is applied for two SRS resource sets, the same number of SRS resources are configured in two SRS resource sets, and the same number of SRS ports are configured for two indicated SRS resources. From these agreements, it can be inferred that Rel-18 STxMP is supported based on symmetric panels. However, asymmetric panels is also a possible implementation for UEs so that we suggest studying and supporting STxMP with asymmetric panels in Rel-19.
On the other hand, considering the work scope of Rel-19 MIMO, this topic can be considered with lower priority.

Proposal 6
· Support the following enhancements for STxMP. 
· M-DCI based STxMP PUCCH+PUCCH and PUCCH+PUSCH.
· STxMP with asymmetric panels.

3.4.2 Further enhancement on 8TX UL
In Rel-18 8Tx, full power transmission with “fullPowerMode0”, “fullPowerMode1”, “fullPowerMode2” are supported. However, “fullPowerMode2” is only supported for Ng=2. We believe full power transmission is important for UL performance and support of full power transmission for Ng=4 and Ng=8 is important to exploit the benefits of 8TX UE. In addition, for “fullPowerMode1” for Ng=8, full power precoders for rank >4 is not supported in Rel-18, which is also worthy further enhancement. Thus, it is suggested to further specify “fullPowerMode2” for Ng=4 and Ng=8 and “fullPowerMode1” with rank = 4~7 for Ng=8 in Rel-19. 
On the other hand, considering the work scope of Rel-19 MIMO, this topic can be considered.

Proposal 7
· Support “fullPowerMode2” for 8Tx with Ng=4 and Ng=8, and “fullPowerMode1” with rank = 4~7 for 8Tx with Ng=8.

4. Conclusion
In this paper we provided our views and analysis for MIMO/UL enhancement in Rel-19. Based on the above discussions, we propose the following enhancements for Rel-19 MIMO/UL.
Table 4-1: Potential enhancements proposed in this contribution for Rel-19 MIMO/UL
	Potential enhancements
	Priority 
	Details

	UL-only TRP (UL RX point) and DL/UL decoupling deployment
	High
	· Specify the following enhancements to enable UL only TRP operation or DL/UL-decoupling deployment (i.e. UE receives DL signal from DL TRP and UE transmits UL signal to UL TRP, where the location of DL TRP and UL TRP is different), mainly focus on ideal[/non-ideal] backhaul, intra-cell[/inter-cell] for both FR1 and FR2. 
· UL power control enhancement for UL channels, including PUSCH, PUCCH, SRS, and PRACH
· Configuration of pathloss value(s) assuming DL RS from UL TRP is ‘absent’
· Enhancement of SRS power control to each reception point (e.g., separate closed-loop procedure for SRS (involving TPC command, i.e., DCI format 2_3) in a CC, regardless of supporting SRS carrier switching)
· Two TAs enhancement
· PDCCH order from DL TRP to obtain TA for UL TRP assuming DL reference timing/RS from UL TRP for one TAG is ‘absent’
· UL beam indication enhancement
· UL beam indication for UL TRP based on unified TCI framework by UL grant DCI format


	Further enh. on beam measurement/reporting
	High
	· Support UE initiated L1 beam reporting and beam switching, for both S-TRP and M-TRP. If TUs are limited, support UE initiated L1 beam reporting only.


	Enhancement for DL
	UE-assisted calibration for CJT
	Medium
	· Support UE-assisted calibration for CJT with non-ideal synchronization among TRPs. 


	
	Support of >32 ports CSI-RS and enhanced CSI report
	Medium
	· Support CSI enhancement for > 32 ports based on Type I codebook.


	
	6/8 Rx with multiple UE panels
	Medium
	· Support 6/8 Rx UEs with multiple panels.


	Rel-18 leftovers
	Further enh. on STxMP
	Medium
	· Support the following enhancements for STxMP. 
· M-DCI based STxMP PUCCH+PUCCH and PUCCH+PUSCH.
· STxMP with asymmetric panels.


	
	Further enh. on 8TX UL
	Medium
	· Support “fullPowerMode2” for 8Tx with Ng=4 and Ng=8, and “fullPowerMode1” with rank = 4~7 for 8Tx with Ng=8.
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6. Appendix
Table A-1 Simulation assumptions for UL dense deployment
	Parameter
	Macro
	Dense UL Rx point

	Carrier frequency
	4GHz

	Bandwidth
	80MHz

	SCS
	30KHz

	Network layout
	Dense urban, 1 layer macro
	1 layer macro + x small cells per sector (e.g., x=1,2,3,4)

	Channel model
	TR 38.901

	BS antenna structure and TXRU
	128Rx = (M,N,P,Mg,Ng) = (8,8,2,1,1), (dH,dV) = (0.5, 0.5)λ.
TXRU: 16TXRU=(Mp,Np,P,Mg,Ng) =(1,8,2,1,1)
	64Rx = (M,N,P,Mg,Ng) = (8,4,2,1,1), (dH,dV) = (0.5, 0.5)λ.
TXRU: 8TXRU=(Mp,Np,P,Mg,Ng) =(1,4,2,1,1)

	UE antenna structure and TXRU
	4Tx = (M,N,P,Mg,Ng) = (1,2,2,1,1), (dH,dV) = (0.5, 0.5)λ
TXRU: 4TXRU=(Mp,Np,P,Mg,Ng)=(1,2,2,1,1) 

	CSI-T
	CB-based UL TX

	Channel estimation
	real

	Scheduling
	Subband PF

	MIMO receiver (CSI/data)
	MMSE

	Traffic model
	Full buffer

	ISD
	200m

	Number of average UEs per macro sector
	30

	Subband number
	10

	UE power
	23dBm

	UE mobility
	80% indoor (3 km/h), 20% outdoor (30 km/h)

	UL power control
	Open Loop TPC

	Modulation
	256QAM

	UL RX node decision
	The same as DL TX node
	Either this DL macro cell or a small cell within the coverage of this macro cell based on the pathloss to the UE, with 3dB bias
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