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1 Introduction

Single-DCI based and multi-DCI based multi-TRP PDSCH transmission is specified in Rel-16. A UE may be required to hold two different beams at the same time for simultaneously PDSCH reception from different TRPs. Necessary enhancement on beam management for simultaneous multi-TRP transmission with multi-panel reception will be included in NR Rel-17 as the following approved WI for MIMO enhancement[1]:
	4. 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, we discuss beam management related enhancement for simultaneous multiple TRP transmission with multiple panel reception. In detail, some technical analysis are provided for some subtopics, i.e. group based beam reporting, beam failure recovery mechanism, antenna switching, UE Rx beam refinement. Then, the further study points are proposed.  
2 Discussion
2.1 Enhancement on group based beam reporting

Group based beam reporting is supported in Rel-15/16 with L1-RSRP/SINR measurement. If the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters. 

For single-DCI based multi-TRP PSDCH transmission in FR2, a UE is indicated two TCI states with two different QCL-TypeD RSs for NCJT PDSCH reception. Rel-15 group-based beam reporting with L1-RSRP measurement can be reused for this scenario, where the RSs corresponding to the reported pair CRIs can be activated as the QCL-TypeD RSs for one TCI codepoint to support the NCJT. Group based beam reporting with L1-SINR is further supported in Rel-16, where the intra-TRP inter-beam  interference and the inter-cell interference can be measured by the additional resource setting for NZP CSI-RS based interference and ZP CSI-RS based interference. However, the inter-TPR interference between the two reported CRIs/SSBRIs are not considered for the case that single-DCI based multi-TRP based NCJT.
Observation 1: Group based beam reported with L1-RSRP measurement can be reused for single DCI based multi-TRP DL transmission.
For multi-DCI based multi-TRP PDSCH transmission in FR2, a UE may receive two PDSCHs transmitted from different TRPs in a same slot and the UE is required two different beam for simultaneous PDSCH reception in FR2. TRP-specific TCI-states are activated for the PDSCH transmission for each TRP. Considering that each TRP can schedule corresponding PDSCH transmission independently. Any one TCI state selected from the TCI states activated for one TRP can be simultaneously received any one TCI state selected from the TCI states activated for the other TRP. However, this situation is not considered in the Rel-15/16 group based beam reporting with both L1-RSRP and L1-SINR measurement. Because only one pair of beams can be reported in one CSI reporting setting and the beams corresponding different CSI reports are independently selected. 
Observation 2: Rel-15/16 group based beam reporting with both L1-RSRP and L1-SINR measurement is unsuitable for multi-DCI based multi-TRP DL transmission.
L1-SINR based beam reporting is specified in Rel-16, where one resource setting is configured for channel measurement and another resource setting can be configured for intra-cell inter-beam interference measurement. Each CSI-RS resource in the resource setting for channel measurement is associated with one CSI-RS resource in the resource setting for interference. For group-based beam reporting, two CSI-RS resources are reported by two different CRIs which can be used for simultaneously PDSCH reception. However, the inter-TRP interference is not well considered in the beam reporting with L1-SINR measurement. So we have the following proposal
Proposal 1: Inter-TRP interference should be considered in group based beam reporting with L1-SINR.

Only one resource setting can be configured for one CSI reporting setting with group based beam reporting. The UE picks two different CSI-RS resources from one resource setting for simultaneously reception, however, whether the selected two CSI-RS resource are transmitted form the same or different TRPs is not aware for the UE. As a result, the reported two CRIs may corresponding to the same TRP and they cannot be used for multi-TRP DL transmission. Therefore, we propose that which resource are transmitted from the same or different TRPs should be aware for the UE if group based beam reporting is enabled to support the multi-TRP DL transmission.

Proposal 2: For group based beam reporting with both L1-RSRP and L1-SINR measurement to support multi-TRP DL transmission, which resources for channel measurement are transmitted from the same or different TRPs should be aware for the UE.
2.2 Enhancement on BFRQ
In multi-DCI based multiple TRPs, each CORESET of all CORESETs configured for a BWP of a cell can only be associated with one TRP which is realized by configuring a value of CORESETPoolIndex to each CORESET. And each TRP schedules DL transmission independently where the DCI is transmitted in the CORESETs configured for the TRP. there is a failure detection resource set configured for BFRQ indicating multiple DL beams, and the failure detection resource set should include beams corresponding to 2 TRPs to cover the beam status of 2 TRPs since UE is severed by 2 TRPs. And beam failure recovery procedure will be triggered only when all beams in the failure detection resource set have failed. Therefore, when all beams in the failure detection resource set corresponding to one TRP have failed but not all beams in the failure detection resource set have failed, the beam failure recovery procedure won’t be triggered. In this case, the TRP with all beams failed cannot successfully transmit the DL DCI which causes the failure of PDSCH transmission consequently. However, gNB can’t know the situation since beam failure recovery procedure is not triggered according to the BFRQ scheme specified in R15 and R16. In order to solve this issue, BFRQ should be enhanced in multi-DCI based multiple TRPs, therefore, we propose that:

Proposal 3: Beam failure recovery should be enhanced for the case of multi-DCI based multiple TRPs.

2.3 Enhancement on Antenna switching
When there is channel reciprocity between UL and DL, it can obtain the DL CSI acquisition by UL sounding. However, there are more RX ports than TX ports in UE side in general considering the power limitation in UE side. Fortunately, it can sound the full channel information by antenna switching. In R15, SRS resource sets can be configured for antenna switching. However, all the configured SRS resource sets can only sound the full DL channel between one TRP and a UE. In multiple TRPs case, there are multiple links between multiple TPRs and a UE and all these DL channel information should be obtained by antenna switching in gNB for DL scheduling. Although it can change the sounding channel of antenna switching from one TRP to another TRP by reconfiguration of SRS resource sets configured for antenna switching in R15 or by MAC CE updating of spatial relation information and/or pathloss reference RSs of SRS resource sets configured for antenna switching in R16. However, both methods need time to apply the new configuration of SRS resource sets configured for antenna switching. When the DL channel change frequently, all the DL channel information between multiple TRPs and a UE should be obtained frequently too. Therefore, the configuration of SRS resource sets configured for antenna switching should be updated to obtain all DL channel information between multiple TRPs and a UE by RRC or MAC CE. It will cause a lot of overhead and latency which is not expected, therefore, we propose that:

Proposal 4: SRS resource set configured for antenna switching should be enhanced in multiple TRPs.

2.4 Enhancement on Rx beam refinement

In current NR system, NZP-CSI-RS resource set with the higher layer parameter repetition set to 'on' is configured to UE for Rx beam refinement. If a UE is configured with NZP-CSI-RS resource set with repetition ‘on’, the UE may assume that the CSI-RS resources within the NZP-CSI-RS resource set are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-RS resource set are transmitted in different OFDM symbols. For single resource set with repetition “ON”, UE does not report CRI [2].

Observation 3: CSI-RS resources in one CSI-RS resource set with repetition “on” are TDMed in current specification. 

With multiple TRP simultaneous transmission, UE can make simultaneous Rx beam refinement based on Tx beams from multiple TRPs if it can generate multiple receiving beams simultaneously. As one example shown in Fig.1, UE with 2 panels can make simultaneous Rx beam refinement for 2 Tx beams from 2 TRPs. For the enhanced Rx beam refinement scheme, it can achieve the following benefits: 
· Reducing time for multiple Rx beam refinement; 
· Reducing slot/OFDM symbol number with scheduling restriction for PDSCH transmission with the same Tx beam for Rx beam refinement; 
· Supporting joint Rx beam refinement with more accurate refined beam selection result on account of interaction of simultaneous receiving multiple beams and simultaneous transmission for multiple Tx beams.
To support simultaneous Rx beam refinement, FDMed CSI-RS may be required to be transmitted with different beams from TRPs. Therefore, enhanced CSI-RS configuration and transmission schemes can be further considered. 
Proposal 5: CSI-RS transmission and configuration need to be enhanced to support simultaneous Rx beam refinement for multiple simultaneous transmit beams from TRPs. 
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Fig.1 Simultaneous Rx beam refinement for multiple simultaneous Tx beams from multiple TRPs 
Furthermore, if gNB wants to select jointly Tx/Rx beam for better beam selection and/or CSI-RS configuration for good tradeoff between CSI-RS overhead and beam refinement accuracy, some channel quality information feedback, e.g. L1-RSRP or L1-SINR after Rx beam refinement may be helpful. Since Rx beam refinement is based on Tx beams from TRPs, it is reasonable that feedback information includes channel quality information for each Tx beam. Therefore, the related CSI reporting scheme can be also further studied.   

Proposal 6: CSI reporting needs to be enhanced to support simultaneous Rx beam refinement for multiple simultaneous transmit beams from TRPs. 
3 Conclusion
As a summary, we have the following observations and proposals on beam management enhancement for simultaneous multi-TRP transmission with multi-panel reception:

Observation 1: Group based beam reported with L1-RSRP measurement can be reused for single DCI based multi-TRP DL transmission.
Observation 2: Rel-15/16 group based beam reporting with both L1-RSRP and L1-SINR measurement is unsuitable for multi-DCI based multi-TRP DL transmission.

Observation 3: CSI-RS resources in one CSI-RS resource set with repetition “on” are TDMed in current specification. 
Proposal 1: Inter-TRP interference should be considered in group based beam reporting with L1-SINR.

Proposal 2: For group based beam reporting with both L1-RSRP and L1-SINR measurement to support multi-TRP DL transmission, which resources for channel measurement are transmitted from the same or different TRPs should be aware for the UE.

Proposal 3: Beam failure recovery should be enhanced for the case of multi-DCI based multiple TRPs.

Proposal 4: SRS resource set configured for antenna switching should be enhanced in multiple TRPs.

Proposal 5: CSI-RS transmission and configuration need to be enhanced to support simultaneous Rx beam refinement for multiple simultaneous transmit beams from TRPs. 
Proposal 6: CSI reporting needs to be enhanced to support simultaneous Rx beam refinement for multiple simultaneous transmit beams from TRPs. 
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