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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. Rel-18 MIMO has introduced up to 8-layer PUSCH transmission for 8TX UE, and STxMP for multi-panel UEs, to improve UE UL throughput. But there are still some leftovers on 8TX and STxMP which are worthy of further study. 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 dense 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, since 8TX UL has been supported, to further extend the throughput improvement brought by 8TX, UL subband precoding can be also studied.
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.
Another issue for FR2 operation is to explore LoS-dominant channel characteristic to improve the performance in mmW. Based on existing CSI framework with multi-panel and multi-TRP Type-I/II CSI, CSI enhancement can be studied on how to accommodate LoS MIMO transmission. 
3. Discussion details
3.1 Enhancements on UL MIMO  
3.1.1 UL dense deployment (UL RX point)
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 are 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 80%-160%. When the number of small UL RX points is 1 to 3, the performance gain of edge SE is also significant and larger than 20%. However, when the number of small UL RX points is 4 which means dense deployment, the edge SE performance of Case1 is worse than only macro cell deployment due to high interference caused by inaccurate TPC. It is also noted that for Case 1, it is clear that the performance is not improved along with the increase of TRPs. Meanwhile, after using enhanced PL method, Case2 could still achieve better UL SE performance around cell edge, which results in 88% 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, the performance gain over macro cell deployment is significant for both average SE performance (up to +160%) and edge SE performance (up to +88%).
· With the increased density of UL RX points, the performance of edge UEs degrades for Case1 and is even worse than macro cell deployment when the number of UL RX points is 4. After using enhanced PL method, Case2 significantly improves the edge UEs performance gain to up to 88%.
The simulation results show that the deployment of UL RX points could improve both edge and average UEs performance. And the accurate PL or TPC is important to ensure 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

In addition to UL TPC enhancement, UL BM should be also studied. In FR2, beam correspondence is assumed at UE and best UL beam can be derived from DL BM. In UL dense deployment, without DL RS from the UL RX points, how to acquire the best UL beam to UL RX point for a UE with beam correspondence should be studied. 

Proposal 1
· Support UL dense deployment by studying the enhancements on UL TPC, UL BM, etc.

3.1.2 UL subband precoding for 8TX UE
UL subband precoding has been discussed as a candidate objective for previous releases. However, given the performance gain is limited for legacy 2TX/4TX UEs, it was not adopted. In Rel-18, 8TX UE has been supported. Thus, it is worthy of revisiting this feature for 8TX UEs (assumed to be CPE-like implementation) to further exploit the UL performance gain brought by large number of TX antennas.
System level simulation is conducted to evaluate the performance of UL subband precoding. Both CB-based and non-CB-based UL transmissions are evaluated. The simulation assumptions are shown in Table A-2 in appendix. The 50%-ile UE throughput gain and 95%-ile UE throughput gain of UL subband precoding over UL wideband precoding are shown in Fig. 6 (a) and Fig. 6 (b), respectively, with the assumption of 50 subbands for the whole UL bandwidth. Based on Fig. 6, we have following observations.

Observation 3
· The range of performance gain of UL subband precoding is 5.5%-14.0% for 50%-ile UE, and 4.4%-14.5% for 95%-ile UE. 
· For non-CB-based UL transmission, the performance gain is larger for 8TX UE than 4TX UE.
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Fig. 6 Performance gain of UL subband precoding over UL wideband precoding
Note that although the results show the performance gain of non-CB-based UL TX is higher than that of CB-based UL TX and there is no large performance gain for 8TX UE over 4TX UE for CB-based UL TX, the performance of CB-based UL TX should be highly depending on the UL codebook design. Current performance tendency for CB-based UL TX is caused by the UL codebook assumptions in simulation, where fully-/partially-/non-coherent codebook subset is assumed for 4TX UE and fully-coherent codebook subset is assumed for 8TX UE.
One potential concern for UL subband precoding is the large increase of DCI indication overhead. So we further evaluate the performance of UL subband precoding with different number of subbands: 50, 20, 10, 5. Non-CB-based UL TX is assumed. The 50%-ile UE throughput gain and 95%-ile UE throughput gain are shown in Fig. 7 (a) and Fig. 7 (b), respectively.
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Fig. 7 Performance gain of UL subband precoding with different number of subbands
Based on Fig. 7, we have following observations.
Observation 4
· With the increase of sub-band number, the 50%-ile and 95%-ile UE throughput gain increases generally, even though there is some fluctuation for 95%-ile UE throughput gain.
· When the subband number is 5, the performance gain is 2.6%~4.6% for 50%-ile UE throughput.
· When the subband number is 10, the performance gain is 4.6%~7.4% for 50%-ile UE throughput.
· The performance gain is generally larger for 8TX UE than 4TX UE.
In the simulation, the whole UL bandwidth has 200 RBs. When subband number is 5, each subband has 40 RBs; when subband number is 50, each subband has 4 RBs. The required increase of DCI indication overhead for subband precoding is related to the number of scheduled subbands for each UE, which depends on scheduling. Fig. 8 shows the statistic results of number of scheduled subbands per UE. It can be observed that for subband number of 5, 88% UEs are scheduled with 1 subband and 98% UEs are scheduled with up to 2 subbands. For subband number of 10, 65% UEs are scheduled with 1 subband, 90% UEs are scheduled with up to 2 subbands, and 97% UEs are scheduled with up to 3 subbands. For subband number of 20, 91% UEs are scheduled with up to 4 subbands, and 95% UEs are scheduled with up to 5 subbands. For subband number of 50, 91% UEs are scheduled with up to 10 subbands. Thus, for subband number of 5, it is sufficient to have one additional field for TPMI/SRI indication; for subband number of 10, it is sufficient to have two additional fields for TPMI/SRI indication. The required increase of DCI indication overhead is acceptable for these cases. Thus, we propose to study and support UL subband precoding for > 4 TX UE.

Fig. 8 CDF for the number of scheduled subbands per UE

Observation 5
· For subband number = 5, 98% UEs are scheduled with up to 2 subbands.
· For subband number = 10, 90% UEs are scheduled with up to 2 subbands, and 97% UEs are scheduled with up to 3 subbands.
· For subband number = 20, 91% UEs are scheduled with up to 4 subbands, and 95% UEs are scheduled with up to 5 subbands.
· For subband number = 50, 91% UEs are scheduled with up to 10 subbands.

Proposal 2
· Support UL subband precoding for > 4 TX UE.

3.1.3 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. 9. And both dynamic scheduling and configured grant can be considered for PUSCH. 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.
[image: ]
Fig. 9 Examples of STxMP PUCCH+PUCCH and PUCCH+PUSCH transmissions

Proposal 3
· Support M-DCI based STxMP PUCCH+PUCCH and PUCCH+PUSCH.

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.

Proposal 4
· Support STxMP with asymmetric panels.

3.1.4 Further enhancement on 8TX
The 8TX UE UL transmission is still under discussion in Rel-18. The codebook design on partially-coherent precoders is not finished yet, which also impacts the DCI indication design on TRI/TPMI. In addition, there are still some open issues for the support of full power transmission modes. We believe the design on partially-coherent codebook and full power transmission modes for different UE PA architectures are important to exploit the benefits of 8TX UE. Thus, it is suggested revisiting the 8TX UE in the end of Rel-18, to handle the Rel-18 leftovers, if any.

Proposal 5
· Revisit 8TX UE in the end of Rel-18 to handle Rel-18 leftovers, if any.

3.2 Enhancements on beam management  
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 and control signaling overhead. On the other hand, if less frequent beam reporting is configured, NW could not always 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 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 without addition TCI state activation/indication from network. Such enhancement can be applied to both S-TRP and M-TRP scenarios.

Proposal 6
· Support UE initiated L1 beam reporting/switching, for both S-TRP and M-TRP.

3.3 Enhancements on CSI
In FR2 hotspot scenarios, such as the indoor hotspot scenario, joint transmission of multiple TRPs can be exploited for user throughput enhancement with joint CSI report for multiple TRPs. Different from the FR1 mTRP NCJT/CJT discussed in Rel-17/Rel-18, FR2 hotspot scenarios are expected to be strong line-of-sight (LoS), which facilitates mTRP joint transmission, especially coherent joint transmission from the following aspects. Firstly, the LoS-dominant channel simplifies both spatial and frequency domain characterization and potentially reduces the required CSI feedback overhead. In other words, consideration based on Type I CSI could be sufficient. Secondly, the relative dense deployment of distributed TRPs, e.g., inter-TRP distance in the order of a few meters, yields spatially consistent large-scale channel characteristics such as pathloss to a UE. This could be helpful for MIMO spatial multiplexing and improve the user throughput. 
Numerical simulations are performed to demonstrate the performance of FR2 mTRP CJT transmission. A LoS InF scenario is considered where two TRPs are deployed on the ceiling to serve a randomly dropped UE on the ground. The CDL-D channel model is assumed with LoS angles being translated according to the procedure in [2, sec. 7.7.5.1]. More simulation assumptions are given in Table A-3 in the appendix. The average throughput is shown in Fig. 10.
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Fig. 10 Throughput performance of different CSI schemes for FR2
Based on the above simulation results, the following is observed.
Observation 6
· Joint CSI report based on Type I codebook enhancement for mTRP CJT improves the average throughput by 17.8% and 6.5% compared to Type I-MP CSI and Type I NCJT CSI, respectively.

The simulation results demonstrate the validity of joint CSI report based on Type I codebook enhancement for FR2 mTRP CJT. Thanks to the simplicity of Type I codebook itself, i.e., only a single SD beam per TRP is reported, joint CSI report of multiple TRPs would not significantly increase the feedback overhead and the UE complexity. Based on the above observations, we propose to study CSI enhancements for FR2 mTRP CJT, especially based on Type I codebook.

Proposal 7
· Study, and if justified, specify extension of existing multi-panel/TRP Type I CSI for CJT targeting for strong LoS scenario in FR2.

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 following enhancements for Rel-19 MIMO/UL.
	Motivation
	Potential enhancements
	Priority 
	Details

	UL MIMO enhancement
	UL dense deployment
	High
	· Specify the enhancements for UL dense RX only deployment, including TPC, UL BM, etc.

	
	Further enh. on 8TX
	Medium
	· Revisit in the end of Rel-18 to handle Rel-18 leftovers, if any

	
	Further enh. on STxMP
	Medium 
(low for asymmetric panel)
	· Specify the features down-scoped for STxMP in Rel-18
· PUCCH+PUCCH, PUSCH+PUCCH
· Asymmetric panel 

	
	UL subband precoding
	Medium
	· Study, and if justified, specify UL subband precoding for > 4 TX

	BM enhancement
	Further enh. on beam measurement/reporting
	High
	· Specify UE initiated L1 beam reporting/switching, for both S-TRP and M-TRP

	CSI enhancement
	CSI enhancement for LoS in FR2
	Low
	· Study, and if justified, specify extension of existing multi-panel/TRP Type I CSI for CJT targeting for strong LoS scenario in FR2
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6. Appendix
Table A-1 Simulation assumptions for UL dense deployment
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	Table A-2 Simulation assumptions for UL subband precoding
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		Table A-3 Simulation assumptions for FR2 mTRP CSI
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