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Introduction
The Rel.17 MIMO enhancement includes the following objective [1]:
· Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception

The following agreements were achieved in RAN1#102-e [2].
Agreement
Study Rel.17 enhancements on beam management for multi-TRPs with following priority
· High priority:
· Beam measurement/reporting enhancement
· Beam failure recovery for multi-TRP
· Low priority
· Simultaneous reception of same type of channel/RS with different QCL-TypeD
· Simultaneous reception of different type of channel/RS with different QCL-TypeD

Agreement
For L1-RSRP, consider measurement / reporting enhancement to facilitate inter-TRP beam pairing 
· Option-1: Group-based reporting,  
· e.g., beam restriction to facilitate inter-TRP pairing.
· Option-2: Non-group-based reporting

Agreement
Evaluate and study at least but not limited to the following issues for multi-beam enhancement
· Issue 1: Consideration of inter-beam interference
· Issue 2: For group-based reporting, increased number of groups and/or beams per group
· Issue 3: UE Rx panel related beam measurement/report
· NOTE: “UE panel” is used for discussion purpose only

Agreement
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.
· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 
· Issue 1: TRP-specific BFD
· Issue 2: TRP-specific new candidate beam identification
· Issue 3: TRP-specific BFRQ
· Issue 4: gNB response enhancement
· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response

This contribution presents our views on these issues. 
Enhancements on beam reporting
It was agreed in the last meeting to enhance beam pairing restriction across multiple TRPs. Specifically, for legacy group-based reporting, the CSI-RS resource set may be mapped to multiple TRPs, and there is not restriction as to the beam group that can be reported by the UE. Therefore it is possible that the UE reports a beam pair that is mapped to the same TRP, which is not applicable to M-TRP simultaneous transmission. A simple fix is to configure the CSI-RS resource set into multiple sub-sets, where UE is only allowed to report beams from different sub-sets. Note there are other variants where reported beam pairs are from the same sub-set. Both are acceptable as they achieve similar functionality. 
Proposal 1: Introduce beam pairing restriction by configuring a CSI-RS resource set into multiple subsets, where UE is required to report beam pairs across subsets (or within the same subset). 
This restriction can be achieved with group- or non-group-based reporting. 
· For group-based reporting, a single CSI report (consisting of two beams) is transmitted in a single PUSCH to a single TRP, and used for scheduling across both TRPs. 
· For non-group-based reporting, two beams (as separate CSI) can be transmitted in a single PUSCH to a single TRP, or in two PUSCH to two TRPs. The first case is equivalent to group-based reporting in terms of backhaul latency and doesn’t entail any obvious benefits. The second case requires two separate UL grants, two separate PUSCH transmissions, each targeting a different TRP. Aside from higher PDCCH overhead, a pre-defined association between two CSI reports triggered by different PDCCHs needs to be introduced. Also, the backhaul latency impact on two PDCCHs needs to be understood. We are open to both schemes; however group-based reporting is simpler for both specification and implementation. 
Proposal 2: Adopt beam pairing restriction with group-based reporting. 
Proposal 3: Further study mechanism to enable beam pairing restriction with non-group-based reporting when  two CSI target separate TRPs, e.g. 
· Implicit/explicit association between PDCCHs scheduling non-group-based report 
· Backhaul latency effect on two coordinating PDCCHs
Rel.16 allow QCL-typeD to be configured for each CMR resource. For M-TRP, QCL-typeD is likely to be the same in the CSI-RS set expanding across multiple TRPs. For CSI-RS resources corresponding to the same TRP, QCL-typeD configuration is expected to be the same, to allow Tx beam sweeping. For CSI-RS resources corresponding to different TRP, QCL-typeD configuration is expected to be the same to enable simultaneous reception. Hence for the entire CMR resource set, it is most likely that their QCL-typeD configuration is the same. 

The Rx panel assumed for beam measurement is up to UE implementation. For instance:
· Assumption-1: Each TRP is measured with a single Rx panel. 
· Assumption -2: Each TRP is measured over the aggregated Rx panels. 
For Assumption -1, it is likely that different Rx panels are used for measuring different TRP, while TRP 2 imposes interference on Rx panel of TRP 1. For Assumption -2, TRP 1 and 2 are superposed constructively.  Whether TRP1 and 2 act as constructive signal or interference needs to be considered in UE measurement. For Assumption-1, RS overhead reduction is possible by properly setting UE assumption on beam measurement. Take TRP 1 as example, With legacy L1-SINR measurement, CMR is mapped to TRP1 and IMR is mapped to TRP2. However given the 1-to-1 resource association between CMR/IMR, independent CMR and IMR resource selection does not seem possible based on Rel.16, unless two TRP exhaustively cycle their beam combinations – leading to large overhead. A possible enhancement is that IMR is not explicitly configured, while reported beams (e.g. CRI1, CRI2) are assumed as channel and interference resources respectively. This allows network to know the best beam combinations on TRP1 and 2 with reduced CMR/IMR overhead. Note this is possible for both L1-RSRP/L1-SINR measurement, as the main BM purpose is to identify the suitable beam pair, while measurement metric is only an assistant information and not critical for scheduling. 
[bookmark: _GoBack]Proposal 4: For group-based reporting, only CMR is configured, while for each beam index (e.g. CRI1), the other reported beam index points to the interference resource. Further discuss if this applies to L1-SINR or L1-RSRP. 
Group measurement result may vary when different Rx panels are used. For Rx panel 1, {CRI1, CRI2} acts as channel and interference respectively. For Rx panel 2, {CRI1, CRI2} acts as interference and channel. Rx panel-specific beam reporting is beneficial to assist beam pairing on two TRPs. 
Proposal 5: Introduce Rx-panel-specific group based reporting, where multiple CSI reporting configs, when enabled, shall be measured on different Rx panels. 
Partial beam failure recovery
In RAN1 #102-e, it was agreed to introduce partial beam failure recovery for multi-TRP/panel (including BFD, new candidate beam identification, BFRQ). In order to minimize the standardization work, leveraging Rel.16 SCell BFR framework by treating each TRP/panel as a virtual SCell seems a simple solution. Figure 1 shows the system flow of BFR procedure based beam failure recovery. At first, the UE determines BFR procedures for each BWP of a serving cell, where each BFR procedure is configured for each TRP/panel (e.g. a subset of CORESETs). Each BFR procedure can be independently configured with its own BFD RS set and new candidate beam set, implicitly or explicitly. NW response and new QCL assumption after recovery could similarly follow Rel.16 SCell BFR. This allows maximum synergy through different releases, with minimum specification work. 

Figure 1 System flow of BFR procedure based beam failure recovery at the UE side
Proposal 6: Support partial BFR for mTRP/mPanel, by reusing Rel.16 SCell BFR mechanism, where each physical link (e.g. TRP or panel) is considered a virtual SCell. 
Proposal 7: Reuse MAC CE signaling and/or SR for BFRQ.
If MAC CE signaling and/or SR is reused to report failure event for each TRP, gNB response in Rel.16 for SCell can also be reused to differentiate different failure events. If a UE transmits a MAC CE signaling carrying BFRQ of one TRP in the first PUSCH, the gNB response of the TRP can be the DCI format scheduling a PUSCH transmission with a same HARQ process number as for the transmission of the first PUSCH and having a toggled NDI field value. 
Proposal 8: gNB response in R16 for SCell can be reused.
In R16 SCell based BFR, after the UE receives the gNB response, the UE will monitor all PDCCH in all CORESETs on the SCell(s) indicated by MAC CE using the new candidate beam (). Similarly, PUCCH transmitted on the SCell uses a same domain filters as the one corresponding to . If only one TRP fails, after the gNB’s response, new candidate beam shall be used in CORESETs/PUCCH corresponding to the failed TRP. A simple way is to establish linkage between PDCCH (CORESETs) or PUCCH (resources) and BFR procedure. If failure occurred in one TRP, the new candidate beam will be used in CORESETs and/or PUCCH resources associated with the failed TRP.
Proposal 9: If BFR occurs in one BFR procedure, only PDCCH (CORESETs) or PUCCH (resources) associated with the BFR procedure are overwritten by the new candidate beam.
Multiplexing of channels and RSs
In RAN1 #102-e, simultaneous reception of the same type of channels/RSs or different types of channels/RSs with different QCL-TypeD assumptions were discussed. The same type of channels/RSs includes at least the combinations of PDCCH + PDCCH and CSI-RS + CSI-RS. The different types of channels include at least the following combinations: SSB+PDCCH/PDSCH, PDCCH+PDSCH, PDCCH+CSI-RS, PDSCH+CSI-RS. In this section, we share our views on the above-mentioned combinations.
Among these combinations, PDCCH + PDCCH and PDCCH + PDSCH are leftovers of Rel.16, and they are also discussed in current Rel.16 discussion (refer to feature summary of Rel.16 eMIMO). Since simultaneous reception has lower priority and these two combinations have overlap with Rel.16, we can wait for the discussion of Rel-16 and revisit these two combinations if necessary.
The other combinations are all related to SSB or CSI-RS. The main issue depends on whether two SSBs or two CSI-RSs from two TRPs can be transmitted simultaneously. If simultaneous transmission is not allowed (e.g., SSB and/or CSI-RS transmitted in one symbol always have the same QCL-TypeD assumption), rules in Rel.16 is enough, and there is no need to enhance the simultaneous reception of the combinations related to SSB/CSI-RS. If simultaneous transmission is needed for some scenarios or use cases, priority rules or QCL assumptions shall be defined to ensure that the number of assumed QCL assumptions is not larger than the UE capability. Therefore, before we discuss simultaneous reception of these combinations, we shall discuss whether to support simultaneous transmission of two SSBs/CSI-RSs from two TRPs in Rel.17. In our opinion, for UEs with more than one panel, this feature can be supported to enhance the performance of the UEs and scheduling flexibility of the gNB.
Proposal 10: Whether to support simultaneous transmission of two SSBs/CSI-RSs from two TRPs in Rel.17 shall be discussed.
Conclusions
Proposal 1: Introduce beam pairing restriction by configuring a CSI-RS resource set into multiple subsets, where UE is required to report beam pairs across subsets (or within the same subset). 
Proposal 2: Adopt beam pairing restriction with group-based reporting. 
Proposal 3: Further study mechanism to enable beam pairing restriction with non-group-based reporting when  two CSI target separate TRPs, e.g. 
· Implicit/explicit association between PDCCHs scheduling non-group-based report 
· Backhaul latency effect on two coordinating PDCCHs
Proposal 4: For group-based reporting, only CMR is configured, while for each beam index (e.g. CRI1), the other reported beam index points to the interference resource. Further discuss if this applies to L1-SINR or L1-RSRP. 
Proposal 5: Introduce Rx-panel-specific group based reporting, where multiple CSI reporting configs, when enabled, shall be measured on different Rx panels. 
Proposal 6: Support partial BFR for mTRP/mPanel, by reusing Rel.16 SCell BFR mechanism, where each physical link (e.g. TRP or panel) is considered a virtual SCell. 
Proposal 7: Reuse MAC CE signaling and/or SR for BFRQ.
Proposal 8: gNB response in R16 for SCell can be reused.
Proposal 9: If BFR occurs in one BFR procedure, only PDCCH (CORESETs) or PUCCH (resources) associated with the BFR procedure are overwritten by the new candidate beam.
Proposal 10: Whether to support simultaneous transmission of two SSBs/CSI-RSs from two TRPs in Rel.17 shall be discussed.
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