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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN Meeting #86, a new work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO) was approved. Among the multiple objectives in the WI, the following is concerned about multi-TRP enhancements:
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
In this contribution, the third aspect, i.e., the evaluation for simultaneous multi-TRP transmission with multi-panel reception, is discussed in detail.
Discussion
Diversity and multiplexing
For FR2, analog beamforming is an essential tool to combat the large path loss of high frequency signal propagation. In NR, beam management procedure based on CSI-RS and SSB was specified to facilitate the finding and maintaining of the TX/RX analog beamforming pairs. A single instance reporting corresponding to a configured beam management reference signal resource set (CSI-RS/SSB) is also specified. Beam measurement results from different reference signal resource sets could not be reported in the same UE reporting instance. No UE side receive beamforming information is included in the measurement reports. When UE could receive more than one transmission beam simultaneously, groupBasedBeamReporting could be enabled and multiple CRI or SSBRI are included in the same reporting instance. 
UE equipped with multiple antenna panel is expected to have performance gain with additional complexity. In generally, it brings two main benefits: diversity and multiplexing gain. In FR2, blocking frequently happens, sometimes the blocked path could not be used for reliable communication. While beam failure recovery procedure usually takes a long to finish and comes with much overhead, makes the fast beam switching difficult if it is blocked. If transmission of data with only one beam pair, e.g. the strongest TX/RX pair, once it is blocked, takes long time to recover. 
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Figure 1 Beam sweeping and reception with the same receive spatial direction

To support this beam diversity, the network needs to send multiple beams to one UE receive panel and UE needs to receive different beams from one or more than one TRPs. In the beam measurement report, UE needs to report two beams which shouldn’t have strong spatial correlation, in case one beam is blocked, the other is not. The two reported beams in this case doesn’t have to come from different TRPs, they may belong to the same TRP but different paths. The other benefit that comes with multiple TRP transmission and multiple receive panels is multiplexing gain. Different TRPs transmit different data stream thus increase the throughput with overall higher rank of transmissions. In this case, the two reported beams should target reducing the inter-beam interference to facilitate higher rank transmission. 
The beam management reporting procedure works well for single TRP operations, but it may run into issues for multi-TRP/panel scenarios. In multi-TRP deployments, typically TRPs are not physically co-located, UE may receive multiple transmission beams from different TRPs with the employment of the same receive analog beams as shown in Figure 1 below. 
[image: ]
Figure 2 Beam sweeping and reception with the same receive spatial direction

In the figure, TRP-1 sweeps its transmission beams through the configured CSI-RS resource set and UE reports that CRI index i is the best beam measured. Independently, UE reports that CRI index j is the best beam by going through TPR-2 beam sweeping procedures. Since in UE beam management reports, there is no indication of the UE receive spatial direction information, network isn’t aware of whether beam i and beam j arrive UE with same or distinguishable spatial directions. If network operates multi-TRP transmission scheme to the UE based on these beam reports, e.g. NCJR, severe performance degradation results, either because UE cannot receive them simultaneously or because the UE cannot effectively separate the 2 PDSCH CWs. 
To fix the issue, we can consider coordinate the beam sweeping procedures of TRP-1 and TRP-2 together. Through backhaul, network configures UE beam sweep RS with only one CSI-RS resource set to sweep beams from both TRP-1 and TRP-2. groupBasedBeamReporting should be enabled and UE reports two different CRI for each report setting in a single reporting instance indicating that two beams from the network can be received simultaneously by UE. For more than two TRPs, this scheme is not scalable since the number of total beams in a single beam sweeping setting is limited. The solution also requires tighter multi-TRPs coordination which puts more restrictions on network scheduling and complicates the network implementation. Another potential issue is that, as the UE is not aware of the association of CSI-RSs/beams and the TRPs/panels, the UE may report two different CRI that correspond to beams from the same TRP/panel which cannot be used for multi-TRP transmission. The pro is that it is transparent to UE and almost no standard modification is needed. Figure 2 shows the case with CSI-RS as the resource signal.
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Figure 3 Multi-TRP beam sweeping through single CSI-RS resource set

Alternatively, we may enhance the beam measurement reporting by incorporate the UE receive spatial direction consideration in the reports for multi-TRP operations. As a simple example, network still schedules two separate CSI-RS resource sets for beam sweeping. Network sends signaling message instructing UE to measure the two CSI-RS sets jointly and reports the best pair of beams. The pro is thus each beam management sweeping could still be performed independently which make it scalable and flexible. Joint beam searching ensures the best demodulation performance on the 2 PDSCH CW at the cost of higher UE implementation complexity. The con is obviously that it requires certain amount of standard enhancement work. 
Proposal 1: Consider enhance group-based beam reporting to facilitate diversity and multiplexing

Inter-cell mobility
RAN2 specified the DAPS-HO in R16. After the DAPS HO command is received, the UE starts the DAPS procedure to handover to the target gNB while maintaining the connection with the source gNB. UE continues the downlink user data reception from the source gNB until releasing the source cell instructed by the target cell and continues the uplink user data transmission to the source gNB until successful completion of random-access procedure to the target gNB. This DAPS behavior allows DL source data reception continuing for some time after the UE starts the data reception from the target gNB so 0ms interruption is achieved. At the UL, upon successful completion of random access to the target, the UE stops data transmission to the source gNB and starts data transmission to the target gNB. Therefore, at UL, DAPS achieve almost 0ms since there is no overlapped UL data transmission to the source and the target at the same time. In R16, DAPS is only supported in FR1 since UL simultaneous transmissions to both the source and the target when UE beam forming is not enabled in FR2. To maximize the inter-cell mobility performance, some UEs capable of simultaneous transmissions from different panels could take advantage of DAPS. Beam management to support simultaneous multi-panel transmission needs to be checked and completed if necessary. Also, to support simultaneous downlink transmissions from two TRPs belong to different cell, beam management needs to be extended across the cells.         
Proposal 2: Consider extend beam management to support simultaneous multi-panel transmission and reception for inter-cell mobility

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed high level potential target areas for beam management enhancement for simultaneous multi-TRP transmission with multi-panel reception. The following are proposed:
Proposal 1: Consider enhance group-based beam reporting to facilitate diversity and multiplexing 
Proposal 2: Consider extend beam management to support simultaneous multi-panel transmission and reception for inter-cell mobility
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