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1. Background
The Rel-17 work item for NR MIMO includes an objective on beam management enhancement for multi-TRP simultaneous transmission with multiple Rx panels: 

· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:

c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception

The following email discussion is to be started in RAN1#102-e as instructed by the Chairman. 

[102-e-NR-feMIMO-05] Email discussion on enhancements on beam management for multi-TRP – Runhua (CATT)
· Prioritize topics to be resolved in RAN1#102-e by 8/19 (EVM should be highest priority if there is any new EVM assumptions needed)
Since there is no EVM discussion dedicated to this item, this document is focused on summarization of company contributions submitted to RAN1#102-e. 
· In section 2, individual company proposals are categorized into several high-level enhancement areas. 
· For each enhancement area, based on the amount of interest and level of convergence among companies at this (early) stage, FL proposals are provided on candidate technical features to be studied in the future meetings. Note that these technical features are described in the form of “functional enhancements”, intending to enable network/UE to achieve new functionalities that are not possible or efficient with Rel.16 specification. 
· The technical features are kept at very high-level at this stage to facilitate discussion and progress. However companies are encouraged to provide their detailed technical design alternatives for achieving a particular technical feature. The FL proposal will be updated as discussion progresses.  
2. Summary and FL proposals
2.1. CSI/beam measurement/reporting enhancement
Summary: Beam/CSI measurement is a fundamental procedure that enables DL spatial domain processing needed for advanced DL MIMO features. For mTRP operation with multiple Rx panels, enhancement in channel measurement/reporting was discussed in the majority of contributions. High-level categorization of company proposals is summarized below, while detailed company proposals are tabularized in Appendix 3.1. 
· A large number of companies raised the necessity to enhance beam measurement to allow more efficient beam pairing across TRPs. Specifically, current group-based beam measurement framework has no restriction on the candidate beam group, and in case a CSI-RS resource set (e.g. candidate beam set) consists of beams transmitted from the same TRP, it is possible that the reported group of beams originate from the same TRP and cannot be used across-TRP transmission. Several contributions (e.g. ZTE, Qualcomm) raised the need to amend beam measurement configuration so that reported beam group consists of beams arising from different TRPs (e.g. feature 1.a). Similar intentions are also achievable with non-grouping reporting, where such restriction is implemented through association between different reporting configurations (e.g. feature 2). 
· For Rel.16, interference measurement for L1-SINR report is based on UE implementation (e.g. when only configured with CMR) or on dedicatedly configured IMR resources. Enhancement on inter-beam interference measurement was discussed in several contributions (e.g. feature 2b), to take into account UE hypothesis when measuring beams originating from different TRPs under mTRP hypothesis. Switching between sTRP and mTRP is also raised for network scheduling flexibility. 
· Rel.16 allows a single reported group of N =2 beams for group-based reporting. Several companies raised the need of increasing the number of groups, or number of beams per group, to allow better network scheduling (feature 1c and 1d).
· Rel.16 beam report does not carry UE antenna/panel related information to the network. In case a single Rx panel is used for receiving signal from a single TRP, how UE dedicates its Rx panels to each TRP is therefore left to UE implementation and such information is unavailable to the network. It is noted that a UE may also use its aggregated Rx panels for receiving all TRPs (and hence different TRPs add constructively at UE, as opposed to interference). Several companies raised the need of Rx-panel-related information feedback (e.g. panel-ID, or Rx panel differentiation) along with beam indices report, to allow better beam pairing and/or control of interference hypothesis by the network (e.g. feature 1e).
1. Group-reporting enhancement 
a) Enhanced measurement/reporting with beam pairing restriction to facilitate for inter-TRP paring
· Futurewei, vivo, AT&T, OPPO, CMCC, SONY, Intel, Motorola, Ericsson, CATT, Huawei, Qualcomm, ZTE 
b) Inter-beam interference modelling 
· Intel, LGE, Huawei, Qualcomm, CATT, Motorola 
c) Increase # of  groups N 
· Samsung, LGE, DCM, Qualcomm, ZTE, SONY
d) Increase # of beams per group M 
· APT, ZTE
e) Feedback related to multiple Rx panels 
· InterDigital/Samsung/OPPO/CATT
f) New measurement metric (e.g. throughput, CQI)
· Qualcomm

g) Indication of associated TRP for CSI-RS/SSB
· Nokia

h) Switching between per-TRP and across-TRP reporting

· Nokia

2. Non-group-reporting enhancement
a) Association of CSI-report to other CSI-report 

· Nokia, vivo
3. CSI enhancement for Rx beam refinement 
a) CSI-RS transmission/configuration/reporting enhancement for simultaneous Rx beam refinement for multiple simultaneous Tx beams from TRPs
· Motorola

4. RS overhead reduction
a) Specify QCL relationship among SRS/CSI-RS/SSB on different panels/BWP/CC 
· Sony

5. UE Rx panel activation/deactivation 

a) allow UE flexibility to control Rx panel activation/deactivation

· MediaTek

Based on the amount of interest and convergence, FL proposal on functional enhancement is provided below. 

FL proposal 1: Study group-based beam reporting enhancement to facilitate mTRP simultaneous transmission with multiple Rx panels, with possible down selection and/or merging among the following issues
· Issue 1:  Enhanced measurement/reporting with beam pairing restriction to facilitate for inter-TRP paring
· Issue  2:  Inter-beam interference modelling 

· Issue  3:  Increase # of groups N 

· Issue  4:  Increase # of beams per group M 

· Issue  5:  Feedback related to multiple Rx panels 

· Other enhancements may be further discussed.

Companies are invited to provide their views/comments in the following table. For each issue, detailed technical design alternatives are also encouraged. 

	Company
	Views

	ZTE
	Regarding Issue 1, we can support this issue and further think that the capability of simultaneous transmission of a TRP, e.g., only one Tx beam to be transmitted at a given time or more than one, should be fully considered. So, the issue 1 can be further clarified as

· Issue 1: Enhanced measurement/reporting with beam pairing restriction to facilitate for inter-TRP pairing

· Multi-Tx beam simultaneous transmission capability of one TRP should be considered.
Regarding Issue 2~5, we firstly need to determine which one or both kinds of criteria of Tx beam grouping is used as a fundamental issue. Consequently, we suggest to have a higher level bullets for issue 2~5, like

· Issue  2:  Criteria of grouping Tx beam: 

· Issue  2a:  Inter-beam interference modelling 

· Issue  2b:  Increase # of groups N 

· Issue  2c:  Increase # of beams per group M 

· Issue  2d:  Feedback related to multiple Rx panels 

BTW, instead of down-selecting one criteria, it seems that we need to find the usage corresponding to each of criteria or the relationship between each of criteria and Issue 2a/2d or mDCI-mTRP/sDCI-mTRP. For instance, Issue 2a (original Issue 2) may correspond to beam group based reporting, but Issue 2d (original Issue 5) may correspond to antenna group based reporting
· FYI we have the following definition for two candidate criteria agreed in R15.

Alt-1 (beam group based reporting): UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s) where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal. 

· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.

· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE

 Alt-2 (antenna group based reporting): UE reports information about TRP Tx Beam(s) per UE antenna group basis where UE antenna group refers to receive UE antenna panel or subarray. 

· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.

· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE


	
	

	
	

	
	


2.2. Beam failure recovery for multi-TRP

Summary: In Rel.15/16, beam failure recovery is designed under the assumption of sTRP where beam failure is declared when all CORESETs fail. When large link quality difference across TRPs may be observed, independent beam failure recovery per TRP is a potential functional enhancement identified by a large number of companies (vivo, ZTE, Sony, CATT, NEC, Motorola, AT&T, OPPO, Samsung, CMCC, Apple, Xiaomi, LGE, ITRI, DOCOMO, Qualcomm, Nokia, Spreadtrum). The company proposals are tabularized in Appendix 3.2. Specifically, it is desirable to allow per-TRP beam failure recovery, especially for M-PDCCH based mTRP, to allow fast beam failure recovery with TRL-level granularity. 

Potential enhancement areas include TRP-specific beam failure detection, TRP-specific BFRQ report, and gNB response with mTRP. Given the amount of interest, it is suggested to further study these enhancement areas. 
FL proposal 2:  Study enhancement to enable per-TRP based beam failure recovery
· Issue 1: TRP-specific BFD

· Issue 2: TRP-specific BFRQ

· Issue 3: gNB response enhancement
Companies are invited to provide their views/comments in the following table. For each issue, detailed technical design alternatives are also encouraged. 

	Company
	Views

	ZTE
	Besides the above 3 issues, TRP-specific new candidate beam identification and the default UE behaviour after receiving gNB response should also be studied. Consequently, we have the following suggestions.
FL proposal 2:  Study enhancement 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 behaviour for DL and UL channels/RSs after receiving gNB response

	
	

	
	

	
	


2.3. Simultaneous reception of same type of channel/RS with different QCL-TypeD
Summary: In Rel.15/16, collision handling and prioritization rules are defined when the same types of channels/RS of different QCL-TypeD assumptions overlap in the same symbols. In typical cases, a single channel/RS is prioritized. When extended to mTRP, it is possible for UE to receive multiple channels/RS of the same type with different QCL-TypeD assumptions in the same symbol. The following candidate issues are identified from company contributions, and detailed company proposals are summarized in Appendix 3.3. 
1. Simultaneous reception of the same type of channel (e.g. PDCCH, SSB, CSI-RS) with different QCL-TypeD

a. Apple, Qualcomm, LGE, Spreadtrum, MediaTek
2. Default beam/ spatial relation for cases (e.g. PDCCH+PDCCH, CSI-RS + CSI-RS) not in Rel.16
a. vivo, Intel
3. Association of DL channel/RS to Tx/Rx panel 

a. ZTE, 

4. Per-Panel TCI indication  
a. InterDigital

It is the FL’s observation that the amount of interest on this issue is low compared to section 2.1/2.2, but may still be studied if acceptable to the group. Given such, the FL has the following proposal.
FL proposal 3:  Study simultaneous reception of the same type of channels/RS with different QCL-TypeD assumption, including at least the following combinations:
· PDCCH+PDCCH, CSI-RS+CSI-RS 

Companies are invited to provide their views/comments in the following table. Detailed design alternatives are also encouraged. 

	Company
	Views

	ZTE
	Support FL proposal 3 in principle, if majority companies support that PDSCH+PDSCH should be postponed due to R16 mTRP discussion.

	
	

	
	

	
	


2.4. Simultaneous reception of different type of channel/RS with different QCL-TypeD

Summary: Simultaneous reception of different types of channels/RS in the same symbols (e.g. PDCCH+PDSCH, PDCCH+CSI-RS, PDSCH +CSI-RS) with different QCL-TypeD assumption is discussed by several companies. Given that UE is equipped with multiple Rx panels, there are views that it is possible for UE to simultaneously receive different types of channel/RS in the same symbol, and UE behavior should be discussed accordingly. Therefore the FL proposes the following.
FL proposal 4:  Study simultaneous reception of different types of channels with different QCL-TypeD assumptions, including at least the following combinations:
· PDCCH+PDSCH, PDCCH+CSI-RS, PDSCH+CSI-RS
· Other combinations of channels/RS are not precluded.  
	Company
	Views

	ZTE
	Support FL proposal-4

	
	

	
	

	
	


2.5. Inter-cell mobility 

Summary: Inter-cell mobility was raised by a small number of companies (Append 3.5). Given that this topic was also raised in other agenda items, clarification is needed where it should be handled.
FL proposal 5: Discuss and clarify which agenda to handle inter-cell mobility. 
	Company
	Views

	ZTE
	In our views, this issue should be discussed in Item 1 or Item 2b.

	
	

	
	

	
	


2.6. Continuation of Rel.16 mTRP issues

Summary: A few contributions discussed continuation of mTRP transmission in Rel.16 (e.g. reception of multiple PDSCH from two TRPs), e.g. individual proposals in Appendix 3.6. 
It is noted that Rel.16 maintenance is still ongoing in parallel in RAN1#102-e, and these issues may have been raised or could be raised in the maintenance section. Given the urgency of these issues, the FL proposal is to revisit these issues in future meetings after Rel.16 mTRP maintenance is sufficiently stable.
FL proposal 6: Revisit continuation of Rel.16 mTRP issues (e.g. PDSCH + PDSCH) in future meetings, after Rel.16 mTRP maintenance is sufficiently stable. 
	Company
	Views

	ZTE
	In our views, this issue has already been discussed in mTRP for several meetings but there is still no progress unfortunately. We are fine to wait for further input from R16 maintenance session, but a clear delay may be needed, like at the end of this year?

	
	

	
	

	
	


2.7. Others

Summary: The following proposals are noted from company contributions, with company proposals summarized in Appendix 3.7.  
· Panel definition, DL/UL panel selection assumption, panel-ID definition 
· Huawei, ZTE
· Mechanism to maintain the same understanding between gNB and UE on whether two TCI states can be received simultaneously or not 
· Apple

· Beam management both by UE/gNB should be supported 

· Xiaomi 

· SRS resource set configured for antenna switching should be enhanced in multiple TRPs.

· Motorola

· Enhanced beam indication for PUSCH/PUCCH with mTRP

· OPPO 

· Default TRP-specific spatial relation and/or pathloss RS for PUCCH/PUSCH/SRS

· vivo, Fraunhofer
· Common beam between DL/UL per TRP

· Nokia

The FL proposal is to postpone these issues to future meetings.

	Company
	Views

	ZTE
	We can support the first bullet. But, considering the roadmap of this item, we share with the FL that the above issue can be postponed recently.

	
	

	
	

	
	


3. Appendix: Summary of company proposals
3.1. Appendix A-1

	Futurewei
	Proposal 1: Consider enhance group-based beam reporting to facilitate diversity and multiplexing

	Vivo
	Proposal 1: Rel-17 MTRP beam reporting enhancement should take into account both ideal backhaul and non-ideal backhaul scenarios.

Proposal 2: Rel-17 MTRP beam reporting enhancement should take into account both simultaneous transmissions from MTRP and simultaneous reception at the UE side.

Proposal 3: The CSI-RS/SSB resources per TRP can be grouped in the configuration to allow UE pair the CSI-RS/SSB resources from different groups.

Proposal 4: Enhancement of both non-grouped-based beam reporting and group-based beam reporting for intra-cell MTRP and inter-cell TRP should be considered in Rel-17.



	ZTE
	Proposal 1: Information on simultaneous transmission capability from each of TRP can be indicated for the assist of DL beam determination in UE reporting.

· Study the configuration of beam measurement and reporting to achieve the indication of TRP related simultaneous transmission capability.

Proposal 2:  Extension of Rel-15 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported in Rel-17 NR-FeMIMO.

Identify usages of Alt-1 (beam group based reporting) and Alt-2 (antenna group based reporting) in multi-panel and multi-TRP case, e.g., sDCI/mDCI, L1-RSRP/L1-SINR reporting. 


	InterDigital
	Proposal 1: Enhance beam management framework to optimize support for UEs with multiple panels.
Proposal 3: For panel activation/deactivation, RAN1 considers CSI-RS enhancement by inclusion of panel ID. 



	SONY
	Specify the QCL relationship among CSI-RS resource sets/SSBs on different directional antenna panels.

Specify the QCL relationship among SRS resource sets/CSI-RS resource sets/SSBs on different BWPs/CCs (intra band).

RAN1 should enhance and specify the group-based beam reporting for multi-TRP operation.

RAN1 should re-study the group-based beam reporting in multi-TRP scenario when given more factors to consider, i.e. UL panel-specific beam selection, L1-SINR reporting, etc.



	MediaTek
	Proposal 1: Introduce enhancement to beam reporting that facilitates DL beam section for simultaneous multi-TRP transmission and allows UE flexibility to control panel activation/deactivation



	CATT
	Proposal 1: Reuse the same CSI measurement framework in Rel.16 for M-TRP, with additional measurement restriction tailored for M-TRP. 

Proposal 2: Amend group-based reporting with restrictions on beam pairing for M-TRP. 

Proposal 3: For L1-SINR group-based reporting, only CMR is configured, while for each beam index (e.g. CRI1, CRI2), the other reported beam index points to the interference resource. 

Proposal 4: Introduce Rx-panel-specific group based reporting, where multiple CSI reporting configs, when enabled, shall be measured on different Rx panels. 



	Motorola
	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.



	Intel
	Proposal-3: Cross-beam interference should be considered as a criteria for determining simultaneous reception from a pair of CRIs/SSBRIs reported when groupBasedBeamReporting is enabled

Proposal-4: Cross-beam interference should be naturally used for determining L1-SINR corresponding to a Tx beam-pair reported when groupBasedBeamReporting is enabled. 

Proposal-5: L1-RSRP/L1-SINR measurement and reporting should be qualified based on sTRP reception hypotheses or mTRP reception hypotheses



	OPPO
	Proposal 1: Enhance beam measurement and reporting for better supporting multi-TRP transmission:

Option 1: Enhance the Group based beam measurement and reporting multi-TRP transmission.

Option 2: Support a UE panel-specific beam measurement and reporting.

	CMCC
	Proposal 1: The enhancement of group based beam reporting should be considered for simultaneous multi-TRP transmission with multi-panel reception.

	Samsung
	Proposal 1: Introduce enhancements to the group-based beam reporting for the simultaneous reception of the same channel, including: 

(1) reporting multiple pairs/groups of TX beams with each beam in the beam pair/group corresponding to a different coordinating TRP, and 

(2) reporting the RX panel index/ID information to the network.  

	Huawei
	Proposal 4: The mechanism that gNB configure UE to report multiple beams associated with different TRPs, shown in case 1 in Figure-3, should be supported.

Proposal 5: The mutual interference of two beams from different TRPs should be considered in beam measurement and reporting.



	LGE
	Proposal #2: TRP/panel-specific beam reporting enhancement can be considered by reporting best N beam(s) in each group of channel measurement resource(s), corresponding to each pair of TRP-UE panel.

Proposal #3: L1-SINR based NCJT beam pair reporting can be considered by reporting best N beam pair(s), each of which corresponds to (NZP-CSI-RS of TRP 1, NZP-CSI-RS of TRP 2).



	APT
	Proposal 1: To increase the number of reported beams in a reporting instance and discuss the relationship between the reported beams in a reporting instance and panels.

Proposal 2: Study mechanism to ensure the same understanding on UE panel status between the gNB and UE.

Proposal 3: Panel information is considered during beam reporting and during UL beam management resource configuration for consistent understanding to UE panel status between NW and UE.



	Ericsson
	Proposal 1: Study enhanced group based beam reporting to ensure simultaneous multi-TRP transmission with multi-panel reception (with up to 4 layers in FR2)

	NTT DOCOMO
	Proposal 1:
· Support multiple groups of beam reporting in each report setting if groupBasedBeamReporting is set to 'enabled'.

Proposal 2:
· Further study following methods for multiple groups of group-based beam reporting:

· Alt.1: The reported beams from the same group can be received by UE simultaneously, and can be transmitted by NW simultaneously.

· Alt.2: The reported beams from different groups can be received by UE simultaneously, and can be transmitted by NW simultaneously.



	Qualcomm
	Proposal 1: For group-based beam report, introduce beam set (or TRP) index per candidate beam. UE shall report simultaneously receivable beams with different beam set indices.

Proposal 2: For L1-SINR based group report, gNB configures multiple candidate beam groups, among which UE reports beam group(s) such that the two beams per group can be received simultaneously.

· The corresponding CMR/IMR per beam in each candidate group should be configured such that the reported L1-SINR per beam reflects cross-beam interference from the other beam in the group.

Proposal 3: For group-based beam report, it can be considered for UE to report throughput related metric per reported beam group, including sum of CQI, capacity, mutual info.

Proposal 4: For group-based beam report, UE can report more than one beam group, which can be sorted based on metric per group.

Proposal 5: For group report, gNB can signal the purpose (for throughput or reliability), operation mode (FDM/SDM/TDM), and corresponding beam pair selection criterion (based on sum or minimum of metrics of the two reported beams).



	Nokia
	Proposal 1: Group-based beam reporting mechanism shall be enhanced such that the UE can report efficiently the beam pairs that can be received simultaneously across two TRP.

Proposal 2: For group-based beam reporting for multi-TRP operation, support indication mechanism for grouping SSB/CSI-RS resources such that associating TRP can be known to the UE.  
Proposal 3: For group-based beam reporting for multi-TRP operation, support switching modes of “per-TRP ” and “across-TRP”.  

Proposal 4: For non-group based beam reporting, support association of a CSI-report to other CSI-report to ensure the UE’s simultaneous reception from multi-TRP for multi-DCI based multi-TRP operation, and UE shall select beams to be reported with the consideration of the simultaneous reception from two TRP.



	AT&T
	Proposal 2: Specify enhancements to the group-based beam reporting scheme to enable multi-TRP with multi-panel transmission


3.2. Appendix A-2

	vivo
	Proposal 5: Support beam failure recovery enhancement for both intra-cell and inter-cell MTRP scenarios.

Proposal 6: Support TRP-specific beam failure declaration for MTRP.

Proposal 7: Support BFRQ transmission to the non-failed TRP for fast recovery.



	ZTE
	Proposal 5:  Study TRP-specific beam recovery procedure in order to handle partial beam failure event, e.g., for beam link(s) between a UE and one out of multiple serving TRPs.

· Identify an appropriate beam recovery procedure from the existing PCell-BFR and SCell-BFR, e.g., for signaling of beam failure recovery request.

· Study TRP-specific procedure for gNB response for beam failure recovery request as well as default UE behavior after receiving gNB response.



	Sony
	Proposal 7: Study and specify if necessary partial BFR procedure for any of multi-TRP and strive to reuse the Rel.16 BFR procedure as much as possible.



	CATT
	Proposal 7: M-TRP based partial failure recovery can be considered in Rel-17.


	NEC
	Proposal: Partial BFR in case of multi-TRP should be studied taking Scell BFR framework as starting point. And dynamic beam update for PDCCH can be jointly considered to reduce the partial BFR latency.


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



	AT&T
	Proposal 1: Beam failure detection on one TRP can be indicated in conjunction with the uplink control on the other TRP



	OPPO
	Proposal 2: Per TRP BFR can be supported to avoid RLF in one of the coordinated TRPs as much as possible.



	Samsung
	Proposal 3: Support partial BFR for the multi-TRP transmission to enable early detection of the beam failure; 

· Including refining the necessary procedures associated with the BFR such as BFD, new candidate beams determination, transmission of the BFR request and the selected beam. 



	CMCC
	Proposal 2: The enhancement of beam failure recovery should be considered to support partial beam failure recovery in multi-TRP transmission.


	Apple
	Proposal 3: Support to extend the SCell BFR mechanisms to support TRP-specific beam failure recovery with regard to non-ideal backhaul scenario.



	Xiaomi
	Proposal 3: TRP based beam failure recovery need to be considered.



	LGE
	Proposal #4: Support BFR enhancement for M-TRP, where BFD is operated on the primary TRP only or on each TRP.



	ITRI
	Proposal 1: Support TRP-based beam failure detection procedure when a UE is configured with multiple TRP operation

Proposal 2: For TRP-based beam failure detection procedure, each BFD RS is associated with a value of CORESETpoolindex, when UE is configured with multiple TRP operation



	DOCOMO
	Proposal 3:

· TRP-specific BFD and BFR across multiple TRPs should be supported.



	Qualcomm
	Proposal 7: Support BFR per TRP or partial BFR at least for multi-DCI based mTRP.



	Nokia
	Proposal 7: Study enhancements for beam failure detection and recovery for multi-TRP scenarios.



	Spreadtrum
	Proposal 7: Support beam failure recovery procedure per TRP for multi-TRP transmission.


3.3. Appendix A-3
	vivo
	Support default beam enhancement for enhanced PDCCH, PUCCH, PUSCH, and SRS for MTRP.

	ZTE
	Proposal 3:  In multi-panel reception, DL channel(s) and RS(s) can be associated with the information about antenna group(s).

Study mechanism(s), e.g., associating CORESET group(s) or TCI state(s) with antenna group(s).

	InterDigital
	Proposal 2: Study per panel TCI indication to enable multi-panel simultaneous reception in a multi-TRP deployment. 

	Intel
	Proposal-6: For mDCI mTRP operation define a single default beam operation based on CORESETs associated with CORESETPoolIndex=0

	OPPO
	Proposal 3: For PDSCH and PDCCH, no enhancement is needed for beam indication for multi-TRP

	Spreadtrum
	Proposal 1: Support to enhance on PDCCH reception for multi-DCI based multi-TRP case. 

Proposal 2: In overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) from different TRPs, for each TRP priority rule of monitoring PDCCHs should reuse R15.

	Apple
	Proposal 2: Support to release some constraints due to QCL-TypeD collision for UEs that can receive two beams simultaneously, where the starting point is to release the constraints for SSB/CSI-RS for RLM/BFD/CBD.

	LGE
	Proposal #5: Beam indication for PDCCH needs to be enhanced by taking M-TRP PDCCH reliability enhancement into account.

Proposal #6: Beam indication for PDSCH should also be investigated according to the enhanced beam indication for MTRP PDCCH, e.g., PDCCH repetition from M-TRP. 

	Qualcomm
	Proposal 6: In multi-DCI based mTRP, the existing QCL prioritization rule for overlapped CORESETs should be applied within CORESETs with same CORESETPoolIndex.



	MediaTek
	Proposal 2: Collision handling for simultaneous transmission of DL channels should be enhanced at least for PDCCH+PDCCH and PDCCH+PDSCH




3.4. Appendix A-4
	ZTE
	Proposal 4:  Study mechanism or collision rules of simultaneous transmission of different DL channel(s) and RS(s) (e.g., PDCCH+PDSCH, PDSCH+PDSCH, PDSCH+CSI-RS, CSI-RS+CSI-RS) for the case of multi-TRP transmission with UE multi-panel reception.

	MediaTek
	Proposal 2: Collision handling for simultaneous transmission of DL channels should be enhanced at least for PDCCH+PDCCH and PDCCH+PDSCH

Proposal 3: Study whether to allow simultaneous CSI-RS and PDCCH transmissions from multi-TRP with independent UE Rx beam-related behaviours assumptions, at least for multi-panel UE



	CATT
	Proposal 5: The rule in Rel-15 can be reused to handle the multiplexing of PDCCH and PDSCH. 
Proposal 6: Define association relation between a CSI-RS resource and PDCCH (or CORESET, or CORESET group) in the same symbol.


	Samsung
	Proposal 2: Specify priority/collision rules to better support the simultaneous reception of different channels (such as PDCCH+PDSCH, PDSCH+PDSCH, PDSCH+CSI-RS), potentially including necessary fallback configuration/behavior.   




3.5. Appendix A-5

	Futurewei
	Proposal 2: Consider extend beam management to support simultaneous multi-panel transmission and reception for inter-cell mobility



	Apple
	Proposal 4: Support to configure beam management reference signal from neighbor cell to support inter-cell multi-TRP operation, e.g. RS for L1-RSRP/L1-SINR measurement, BFD RS, CBD RS.




3.6. Appendix A-6

	Sony
	· Study and specify if necessary the default beams of PDSCH for multi-TRP operation for all other cases which were not specified in Rel.16.

· Study and specify if necessary the default beams of AP-CSI-RS for S-DCI based multi-TRP operation.

	Nokia
	Proposal 5: For single-DCI based Multi-TRP/panel transmission with at least one configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD',

· If the scheduling offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following:

1. Use the TCI-states scheduled for the latest PDSCH reception by the PDCCH in the same CORESET.



	Qualcomm
	Proposal 8: For power saving, UE can request to disable the dual default PDSCH beams in mTRP.



	Spreadtrum
	Proposal 3: Support to enhance on DL SPS PDSCH reception for multi-DCI based multi-TRP case. 

Proposal 4: In overlapping PDSCH without corresponding PDCCH transmissions receiving occasions from multiple TRP, one PDSCH with lowest configured sps-ConfigIndex for each TRP could be received.



3.7. Appendix A-7

	Huawei
	Proposal 1: Panel operation assumptions 1, 2 and 3 should be clarified and defined, to be served as the starting point of further technique discussion.
Proposal 2: The panel for UL transmission should be selected from UE panels used for DL reception.
Proposal 3: Panel ID definition, panel status management, multi-panel beam measurement, and panel power consumption, need to be discussed in Rel-17.



	vivo
	Support the TRP-specific default spatial relation of PUCCH, PUSCH, SRS for MTRP in Rel-17.

	Apple
	Proposal 1: Support to define the mechanism to maintain the same understanding between gNB and UE on whether two TCI states can be received simultaneously or not.

· The starting point could be to define an effective timing window for a group-based beam report, where gNB can assume the beams reported within X ms can be received simultaneously by UE.



	OPPO
	Proposal 4: For PUSCH and PUCCH, enhancement is needed for beam indication for multi-TRP.

	Xiaomi
	Proposal 1: Multi-TRP beam management by both UE and gNB should be supported. 



	Motorola
	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 transmits beams from TRPs. 

	SONY
	Specify the QCL relationship among SRS resource sets on different directional antenna panels.



	Fraunhofer
	Proposal 1: The PUCCH resources may be associated with a CORESETpoolIndex via a higher layer. The UE may obtain the default spatial relation and pathloss reference RS of the PUCCH resource from the QCL assumptions of one of the CORESETs configured with the same CORESETpoolIndex as the PUCCH resource in the active DL BWP.
Proposal 2: When PUSCH is scheduled with DCI format 0_0 or with DCI format 0_1 without an SRI, the multi-TRP extension of the default PL RS and spatial relation assumption should consider the following scenarios:

Scheduling of multiple PUSCH transmissions via multiple PDCCHs, each to a different TRP, and

Scheduling of multiple PUSCH transmissions via a single PDCCH, wherein each PUSCH transmission may be to a different TRP.
Proposal 3: The PL RS for the PUSCH may be provided by different SRI-PUSCH-PowerControl IDs or PUSCH-PathlossReferenceRS IDs, which would be applicable in both the aforementioned scenarios.
Proposal 4: Associate SRS resource set(s) with CORESETpoolIndex values to extend the default PL RS assumption feature for SRS in multi-TRP scenarios.

Special attention to be paid to different SRS time-domain behaviours.
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