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1. Introduction
In RP-232745 [1], six potential objectives for Rel-19 MIMO were summarized for further discussion. In RP-232915 [2], five objectives are selected and proposed by many companies for Rel-19 MIMO enhancements, as shown below. 1. [bookmark: _Hlk145555364][bookmark: _Hlk146642115]Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
a. UL signaling content(s) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
b. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting
2. Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design
3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH 
4. Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource
5. Specify enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios, assuming intra-band intra-DU non-co-located mTRP scenarios, without changing existing cell definition or defining a new cell (e.g. UL-only cell), assuming the Rel-17/18 unified TCI framework and fully reusing the legacy QCL/UL spatial relation rules, targeting FR1 and FR2 
a. Two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP. 



In this contribution, we provide our views and analysis on why these objectives are beneficial and should be considered for Rel-19 MIMO.
2. Discussion 
2.1 Enhancement on UE-initiated/event-driven beam management  
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. 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 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. Thus, we believe UE-initiated/event-triggered L1 beam measurement/reporting should be considered for Rel-19, which is able to provide timely reporting with small reporting overhead. To minimize the specification impacts, the legacy unified TCI framework and legacy CSI measurement and reporting configuration framework should be baseline.
Meanwhile, we notice that there is a potential objective in Rel-19 mobility enhancement to specify event triggered L1 measurement reporting for triggering LTM. Whether/how to avoid overlapping between Rel-19 MIMO and Rel-19 mobility should be discussed. In our views, it is better to clarify the detailed scope and discussion points in each topic to avoid specifying two different solutions for the same issue. For example, the event to trigger the report is defined by RAN2 while the reporting contents are defined in RAN1. By such clarifications, duplicated solutions and specifications can be avoided.
2.2 CSI support for up to 128 CSI-RS ports
Massive MIMO with larger antenna array can improve throughput as well as the 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. Thus, we believe it is important to increase the number of CSI-RS ports for CSI reporting. Considering the specification impacts and commercial devices, it is reasonable to support up to 128 CSI-RS ports for CSI reporting. Both Type-I codebook and Type-II codebook based refinements can be supported. In addition, to increase MU-MIMO scheduling opportunities with hybrid beamforming in implementation, it is also beneficial to enhance hybrid beamforming with multi-beam reporting with PMI/CQI/RI per beam. Due to backward compatibility and low RS overhead requirement, extension of CSI-RS ports based on existing 32 ports CSI-RS resources instead of introducing brand new larger port CSI-RS should be considered.  
2.3 UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul
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 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. 
2.4 UL codebook to facilitate 3-antenna-port codebook-based transmission 
NR has specified support of 1-port, 2-port, 4-port and 8-port PUSCH transmission. On the other hand, commercial mobile UEs are usually equipped with only 1 or 2 Tx antennas. For UL enhancement, compared to 4Tx or 8Tx, mobile UE equipped with 3Tx antenna is more realistic and foreseeable in the near future. Thus, we believe it is beneficial to specify 3Tx PUSCH transmission for UL enhancement in Rel-19. In addition, to minimize the specification impacts, the scope can be limited to codebook-based UL transmission, and enhancements on SRS resource and UL full power transmission are not pursued.
2.5 Asymmetric DL sTRP/UL mTRP deployment scenario	
Based on customer demand, requirement on UL capacity enhancement has been increasing for a lot of operators. 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. To improve UL enhancement, heterogeneous network can be deployed. As shown in Fig.2, since the macro gNB and micro nodes differ in power rating, a UE may receive DL transmission from the macro gNB, but transmit UL to either the macro gNB or non-co-located micro nodes in order to maximize UL throughput. As an option to further reduce energy consumption, the micro nodes can, for instance, reduce or even turn off DL transmissions. 
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Fig.1 Traditional macro cell deployment
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Fig.2 Asymmetric DL sTRP/UL mTRP deployment  
To support such deployment scenario, enhancements on UL power control (PC) are needed at least. First, when pathloss RS is transmitted from the macro gNB and the UE transmits UL to the micro nodes, the pathloss measured from the pathloss RS from the macro gNB is not accurate. Therefore, it is necessary to configure the UE with pathloss offset to facilitate accurate calculation of the pathloss associated with the micro nodes. Second, an additional SRS closed-loop PC for DL CSI acquisition to the macro gNB (for DL transmission), separate from that for the SRS to the micro nodes (for UL mTRP reception) should be introduced. Therefore, there is a need for supporting two closed-loop PC adjustment states for SRS, both separate from PUSCH. 
System-level simulation is conducted to evaluate the performance in asymmetric DL sTRP/UL mTRP deployment scenario. In the simulation, only uplink traffic is considered. Within each macro cell, 1 to 4 micro nodes used for UL reception are randomly deployed. The detailed simulation assumptions are shown in Table A-1 in appendix. To exploit the performance of asymmetric DL/UL 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
Pathloss offset configuration of micro node is considered in the simulation. For pathloss of micro node, the baseline option is implementation-based method with using PL-RS from macro cell for TPC for all the UL transmissions, including UL to macro gNB and UL to micro nodes. However, considering the smaller pathloss from UE to micro nodes than that from UE to macro gNB, the calculated TX power at UE would be larger than what it requires for micro nodes. In an extreme case, the received power at micro node 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 evaluated by using the actual pathloss of each micro node. In summary, following two cases are evaluated.
· Case1 (baseline): Pathloss of macro gNB is used for TPC for UL transmission to micro node.
· Case2 (enhanced PL): Pathloss of each micro node is used for TPC for UL transmission to each micro node.
The average and edge SE performance gain of asymmetric DL/UL deployment scenario over macro cell deployment is shown in Fig.4 (a) and Fig.4 (b), respectively. With asymmetric DL/UL deployment, 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 micro nodes, 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 asymmetric DL/UL deployment, 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. Enhanced PL method significantly improves the edge UEs performance up to +43%.
The simulation results show that the asymmetric DL/UL deployment could improve average UEs performance. And the accurate PL or TPC is important to ensure and improve the performance of edge UEs. Although the results are evaluated in FR1, we believe similar issue also exists in FR2. Thus, it is important to specify PL and TPC enhancements for asymmetric DL sTRP/UL mTRP deployment scenario in Rel-19 to improve UL performance.
2.6 Others
For other proposed enhancement in [1], such as 6Rx/8Rx UE enhancement, since it is beneficial to reduce UE complexity for commercial deployment, it could be also considered, if TU allows.

3. Conclusion
In this paper we provided our views and analysis for MIMO enhancement in Rel-19. Based on the above discussions, we support the proposed objectives for Rel-19 MIMO in RP-232915 [2].
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5. Appendix
Table A-1 Simulation assumptions for asymmetric DL/UL deployment
	Parameter
	Macro
	Micro

	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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