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Introduction
In RAN#101 meeting, based on the submitted tdocs, a discussion on R19 potential scope was carried out. Based on the discussion, a list of candidate topics/objectives were highlighted for further discussion, refinement, and potential downscoping in December Plenary meeting [1]:
· Topic 1: Beam management enhancements to reduce overhead/latency through UE-initiated/event-driven beam management
· Objective 1. Signalling/mechanism to facilitate UE-initiated beam management procedure including UE-initiated beam reporting/switch
· Topic 2: Enhancements to CSI framework to support > 32 (64/128) CSI-RS ports
· Objective 1: Type I codebook enhancements to support > 32 CSI-RS ports
· Objective 2: Type II codebook enhancements to support > 32 CSI-RS ports
· Objective 3: Hybrid beamforming enhancements (CRI based reporting enhancements)
· Note 1: Extension of legacy codebooks and legacy CSI-RS resources
· Note 2: Objective 3 may require further study or clarification.
· Topic 3: CJT/DL multi-TRP enhancements
· Objective 1: UE-assisted calibration reporting of delay and frequency/phase offsets for CJT with non-ideal synchronization and backhaul
· Note: Assume legacy CSI-RS design and standalone aperiodic reporting on PUSCH.
· Topic 4: UL enhancements
· Objective 1: STxMP enhancements (e.g. Simultaneous TX of PUCCH and PUSCH, Asymmetric panel implementations, mDCI PUCCH + PUCCH, STxMP with up to rank 8, Coherent SFN STxMP)
· Objective 2: Enhancements for UL 3Tx including 3Tx for UL codebook and non-codebook based transmission
· Topic 5: Enhancement for asymmetric downlink S-TRP/UL M-TRP scenario assuming intra-band intra-cell non-co-located M-TRP scenarios without changing existing cell definition or defining a new cell
· 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
· 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.
In this paper, we provide our views on the MIMO enhancement in Rel-19.
Discussions
UL enhancement
Support 3Tx UL MIMO
It is desired that the NR system can provide various types of services. Some types of services require very heavy UL transmission. While those service require heavy UL transmission, the uplink transmission in NR system has always been restricted by limited coverage and limited throughput. We have noticed that boosting the UL throughput has been attracting interests from many companies [2]. However, in reality, the commercial UEs in the current market are generally restricted by 2 Tx chains. Therefore, the UL throughput of commercial UEs is limited by that. Even though the NR specification supports 4 Tx chain or even more, 4 Tx chains are not likely to be applied in the commercial UEs in the near future due to various commercial factors, including the PA cost and limited size of commercial cell phones.  
On the other hand, due to the successful evolution of hardware, the advanced UE is capable  of supporting 3 Tx chains in one same frequency band, which enables UE to boost the UL throughput through using one more chain than 2 Tx chains. Compared with the UE with 2 Tx chains, the UE with 3 Tx chains can provide significant gain in UL throughput (up to 50% gain in peak throughput). That can provide much better user experience for UL-heavy services.  
[image: ]
Figure 1: The evolution of hardware in UE:  supporting 3 Tx chains in one band
We conducted simulation to prove the performance gain of 3 Tx chains for UL-MIMO.  Please check the Appendix for the simulation assumptions. The throughput performance results are shown in Figs 2 and 3, respectively. It can be observed that for both codebook-based PUSCH and non-codebook based PUSCH, the 3Tx UL-MIMO can provide ~50% throughput gain over the 2 Tx UL-MIMO transmission. 
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Figure 2: Performance of 3 Tx UL MIMO of non-codebook based
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Figure 3: Performance of 3 Tx UL MIMO of codebook based
To support the 3Tx UL MIMO, some enhancements are needed, e.g., 3-port codebook, corresponding UE capability and RAN4 requirements and so on.
[bookmark: _Hlk144408627]Proposal 1: In Rel-19, specify signaling/mechanism to enable 3 Tx UL MIMO transmission

Asymmetric DL sTRP/UL mTRP
Another enhancement for UL is to utilize multi-TRP deployment, i.e., asymmetric DL sTRP/UL mTRP deployment scenarios. In NR system, DL and UL could have totally different coverage. For example, the macro-BS could have very large DL coverage but the UL coverage is very limited. In some deployment scenarios, UL-only TRP can improve the UL coverage and then UL throughput with very low cost. That can also improve the system power efficiency. To support such deployment scenario, at least enhancements on UL power control (PC) are needed. For example, 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. It is necessary to configure the UE with a pathloss offset for accurate calculation of the pathloss. Also, another separate close-loop index for SRS power control is also needed for separate power control targeting macro gNB and micro node, when the SRS is not used for link adaption of PUSCH, e.g. for beam management. Hence, uplink power control enhancement to enable asymmetric DL sTRP/UL mTRP deployment can also be considered in Rel-19.
[bookmark: _Hlk144408681]Proposal 2: Consider the enhancements on uplink power control for enabling asymmetric DL sTRP/UL mTRP deployment in Rel-19.

DL enhancement
Enhancement on multi-beam operation
Multi-beam operation was specified in Rel-15 and then in the following Rel-16/17/18, we continue to enhance multi-beam operation. However, up to now, all the beam reporting and beam switch/update specified in NR up to Rel-18 are NW-initiated methods. The system configures/requests the UE to measure some beams and then report the best beams. The system indicates the UE to switch to some beams for DL reception and/or UL transmission. The main problem of NW-initiated beam reporting and beam switch is that it would result in latency and signaling overhead. The reason is that UE is always the first one who know the variation of beams and the change in the best beam but the NW does not know until the UE reports the measurement result. 
In Rel-18, we introduced the function of LTM. In LTM, for the L1-RSRP measurement and reporting, the UE would be required to measure and report much more beams than the L1-RSRP measurement/reporting of intra-cell multi-beam operation. Due to that, we would face more severe issues of the latency and signaling overhead of this NW-initiated beam reporting.
To resolve the issue, we propose to specify UE-initiated beam reporting. The UE can trigger the beam reporting when it finds the beam variation is large enough. That can reduce the UL signaling overhead because the UE only reports beam measurement results only when it is necessary. That can also reduce the beam reporting latency because the UE can report the measurement result immediately whenever it is needed.
[bookmark: _Hlk144408674]Proposal 3: In Rel-19, Specify signaling/mechanism to facilitate UE-initiated beam management procedure, including UE-initiated beam reporting

Enhancement for Coherent-JT
CSI enhancement for downlink CJT transmission was supported in Rel-18 and can provide significant spectral efficiency gain. However, the enhancement assumes ideal synchronization and backhaul among multiple TRPs. Not all deployment supporting CJT can ensure ideal backhaul and synchronization, e.g. inter-site/cell CJT. In these deployments, there could be timing and frequency error among TRPs, and some calibration is needed. UE-assist synchronization can be a straightforward solution to expand the deployment scenarios of CJT and provide higher gain over single TRP. Hence, the enhancements on time and frequency error reporting for CJT deployment with non-ideal synchronization can be considered in Rel-19 MIMO.
Proposal 4: Consider the enhancements for time and frequency error reporting for CJT deployment with non-ideal synchronization and backhaul in Rel-19

CSI for up to 128 CSI-RS ports
[bookmark: _GoBack]Current specification can support downlink transmission up to 32 antenna ports. However, for higher spectrum efficiency, larger antenna arrays with an increased number of antennas have an increased interest in the industry, e.g. in the 7-14GHz frequency band. Enhancement to support more antenna ports requires more study, e.g. via hybrid beamforming in one TRP, to support larger scale antenna array at gNB with low cost. On one hand, current Type I/II codebook can be extended to support 64,128 antenna ports without introducing additional codebook parameters. On the other hand, hybrid beamforming with one CRI for each beam (with RI/PMI/CQI per CRI to support up to 32 ports) can also be considered, to support up to a total of 128 CSI-RS ports across all resources and up to 32 CSI-RS ports per resource (without enhancement on CSI-RS design). With multiple CRI(s)-based CSI reporting, more antenna ports can be supported without additional enhancement to CSI-RS and codebook, and the standardization effort can be minimized. 
Proposal 5: Consider the following CSI enhancement in Rel-19:
· Type I/II codebook enhancement to support up to 128 ports.
· Multiple CRI-based CSI reporting for hybrid beamforming to support up to 128 ports across all CSI-RS resources

Conclusion
In this contribution, we present our views on the MIMO enhancement in Rel-19 and the following proposals are made:
Proposal 1: In Rel-19, specify signaling/mechanism to enable 3 Tx UL MIMO transmission
Proposal 2: Consider the enhancements on uplink power control for enabling asymmetric DL sTRP/UL mTRP deployment in Rel-19.
Proposal 3: In Rel-19, Specify signaling/mechanism to facilitate UE-initiated beam management procedure, including UE-initiated beam reporting
Proposal 4: Consider the enhancements for time and frequency error reporting for CJT deployment with non-ideal synchronization and backhaul in Rel-19
Proposal 5: Consider the following CSI enhancement in Rel-19:
· Type I/II codebook enhancement to support up to 128 ports.
· Multiple CRI-based CSI reporting for hybrid beamforming to support up to 128 ports across all CSI-RS resources
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Appendix
The simulation assumption for 3Tx UL MIMO is listed in the table below:
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