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1. Introduction
Regarding beam management for multi-TRP, which is one of the objectives in the WID [1], some potential enhancements including DL beam measurement and reporting with multi-panel reception, and TRP-specific beam recovery are discussed for NR Rel-17 in this contribution.
2. Enhancement(s) on DL beam measurement and reporting
In this section, some potential enhancements including beam reporting for facilitating inter-TRP pairing and CSI framework for multi-panel/TRP based beam measurement are discussed for NR Rel-17.
2.1 CSI framework for multi-TRP based beam measurement
Information on simultaneous transmission capability from each of TRP can be indicated for the assist of DL beam determination in UE reporting and for facilitating inter-TRP beam pairing. In general, according to the discussion in RAN1#105-e and RAN1#106-e, the following agreement on CMR resource configuration for Option 2 (beam group based reporting) has been reached.  
	Agreement
On CMR resource configuration for beam reporting option 2, adopt the following alternative: 
· Two CMR resource sets or subsets, per periodic/semi-persistent CMR resource setting
· FFS: extension to aperiodic CMR resource setting 
· Each reported beam pair in a single CSI-report consists of M = 2 SSB-RI / CRI values, where each SSB-RI / CRI points to a CMR resource in a different CMR resource set or subset.
· Decide in RAN1#104b-e whether to adopt “set” or “subset” in the above. 
Agreement
For aperiodic report of beam reporting option 2, 
· When associated with aperiodic resource setting, extend the existing RRC parameter CSI-AssociatedReportConfigInfo to be configured with two CMR resource sets where each may be configured with their corresponding QCL information.
· FFS: Detailed association scheme 
· When associated with periodic/semi-persist resource setting, the resource setting comprises two CMR resource sets. 



Since the configuration of 2 CMR resource sets has been agreed, the parameter configuration between the sets should be further considered. 
· Regarding RRC parameter Repetition
·  If the field is set to on, the UE may assume that the NZP-CSI-RS resources within the resource set are transmitted with the same downlink spatial domain transmission filter.
· Since the all resources in the multiple resource sets are used for measuring the channel quality, this function used to make the resource sets are transmitted with the same or different downlink spatial domain transmission filter should keep the same. The parameter repetition of each set should be configured with the same value.
· Regarding RRC parameter aperiodicTriggeringOffset
· This parameter is to configure the offset X between the slot containing the DCI that triggers a set of aperiodic NZP CSI-RS resources and the slot in which the CSI-RS resource set is transmitted.
· In the mTRP scenario, different offset should be configured for each set to avoid collision in the same slot.
Proposal 1: The RRC parameter configuration between 2 CMR resource sets should be further considered.
· repetition from different sets should be configured with same value.
· aperiodicTriggeringOffset from different sets can be configured with different value(s).
Consequently, we have the following text proposals.
[bookmark: _Toc27299888][bookmark: _Toc36645517][bookmark: _Toc20317990][bookmark: _Toc29674287][bookmark: _Toc45810562][bookmark: _Toc29673153][bookmark: _Toc11352100][bookmark: _Toc91695430][bookmark: _Toc29673294]TP1: {38.214: 5.1.6.1.2	CSI-RS for L1-RSRP and L1-SINR computation}
	If a UE is configured with a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'on', the UE may assume that the CSI-RS resources, described in Clause 5.2.2.3.1, within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-RS-ResourceSet are transmitted in different OFDM symbols. If repetition is set to 'off', the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter. When the higher layer parameter groupBasedBeamReporting-r17 in CSI-ReportConfig is configured, the UE expects to be configured with the same value of repetition in different CSI Resource Sets.
<Unchanged part omitted>


[bookmark: _Toc11352117][bookmark: _Toc20318007][bookmark: _Toc27299905][bookmark: _Toc29673314][bookmark: _Toc29673173][bookmark: _Toc36645537][bookmark: _Toc45810582][bookmark: _Toc91695450][bookmark: _Toc29674307]TP2: {38.214: 5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology}
	<Unchanged part omitted>
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher layer parameter aperiodicTriggeringOffset or aperiodicTriggeringOffset-r16. When the higher layer parameter groupBasedBeamReporting-r17 in CSI-ReportConfig is configured, the UE expects to be configured with the different value(s) of CSI-RS triggering offset in different CSI Resource Sets. The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 5, 6, …, 15, 16, 24} slots. If the UE is not configured with minimumSchedulingOffsetK0 for any DL BWP and minimumSchedulingOffsetK2 for any UL BWP and if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'typeD' in the corresponding TCI states, the CSI-RS triggering offset is fixed to zero. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement. 
<Unchanged part omitted>


3. Enhancement(s) on TRP-specific beam failure recovery
In this section, we give our consideration about updating BFD RS set through MAC-CE, selection of PUCCH SR, BFR MAC-CE, and UE behavior after receiving gNB response are elaborated for TRP-specific beam recovery. 
3.1 BFD-RS
In RAN1#106-e, the following agreement was reached for the configuration of BFD resource set(s). 
	Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Implicit configuration: 
· M-DCI: 
· BFD-RS set k (k = 0, 1) is derived based on X TCI of CORESETs with CORESETPoolIndex = k
· FFS: value of X (determined in spec or UE capability), and TCI selection rule when the number of CORESETs with CORESETPoolIndex = k exceeds X (e.g. reuse RLM RS selection rule)
· S-DCI: 
· BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET via implicit configuration for S-DCI mTRP is not supported in Rel-17.
· FFS: CORESETs with more than 1 activated TCI states
Agreement
Support the following BFD-RS configurations in Rel.17 for UEs with one activated TCI state per CORESET:
· Explicit configuration of BFD-RS resources in BFD-RS set k, k = 0, 1
· FFS: CORESETs with more than 1 activated TCI state.
Agreement
· The maximum number of BFD-RS resources per set is a UE capability, including a possible candidate value of 1 in Rel.17. 



It has been agreed that unified TCI state is indicated or updated by DCI, and it means that the Rx-beam of PDCCH can be updated dynamically, just like PDSCH. But, BFD RS is still reconfigured through RRC signaling. Such different latency of dynamic signaling and RRC signaling would cause misalignment and ambiguity to BFD. Specifically, when the beam of PDCCH is updated by DCI, the current q_0 may not be suitable for BFD anymore. Therefore, updating BFD RS based on a dynamic signaling should be supported. As a starting point, updating BFD RS through MAC-CE signaling can be considered. 
· The MAC-CE signaling may include a RS identifier (ID) to indicate UE which RS is used to update BFD-RS and its corresponding ‘TRP-ID’. As mentioned above, since RRC parameter CORESETPoolIndex has been agreed to be introduced in mDCI-mTRP, CORESETPoolIndex is recommended as ‘TRP-ID’ to be included in the MAC-CE signaling.
Proposal 2: Introduce a new MAC-CE to activate BFD RS(s) dynamically at least for mDCI-mTRP, in order to guarantee the same timeline between PDCCH beam update and explicit BFD RS configuration.
-    In the MAC-CE, two sets of BFD-RS(s) are explicit provided and associated with respective CORESETPoolIndex.
3.2 PUCCH-SR
In RAN1#107-e, PUCCH-SR for TRP-specific beam recovery has been discussed, and the following agreement was reached.
	Agreement 
On the PUCCH-SR resource/SR configurations selection rule when SR is triggered and 2 PUCCH-SR resource/SR configurations are configured, the UE triggers the PUCCH-SR resource/SR configuration that is associated with failed BFD-RS set.



The association between a BFD-RS set on SpCell and a PUCCH-SR for BFR has been agreed in the last meeting as shown in above agreement. It should be further clarified that the PUCCH-SR for BFR should be at least on SpCell as Rel-16 and it is optional to be on PUCCH-SCell. Specifically, we have the following analysis.
· If the PUCCH-SR for BFR is configured on SpCell, the PUCCH-SR can be successfully transmitted to gNB in case that only one TRP of SpCell fails. If both TRPs of SpCell fail, the PRACH on SpCell is triggered. 
· Otherwise, we need to experience a wired situation that RACH procedure can not be initialized but meanwhile PUCCH-SR can not transmit to the gNB successfully.  
Proposal 3: Clarify that support to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource at least on SpCell for TRP-specific BFR procedure.
3.3 UE behavior after receiving gNB response
In RAN1#106-e, BFRQ response from gNB has been discussed, and the following agreement was reached. In this section, we discuss the UE behavior after receiving gNB response.
	Agreement
For the case of all CORESETs with 1 activated TCI state per CORESET , after 28 symbols from receiving the BFR response, the QCL assumption of all CORESETs  associated with CORESETPoolIndex  k (k=0,1) is updated by the RS resource associated with the latest reported new candidate beam (if found) associated with the failed BFD -RS set k (k=0,1) in the MAC-CE for TRP -specific BFR 
· The above applies to Scell and SpCell 
· The above applies for the multi-DCI case
Agreement
SCS of the 28 symbols is the smallest SCS of the active DL BWP for the response reception CC and of the active DL BWP (s) of the CC(s) with the failed TRP link(s) reported in BFR MAC CE.


3.3.1 Beam and power control update for PUCCH
In RAN1#107-e, there is a proposal in email discussion on beam management for multi-TRP, shown as follow.
	Updated Proposal 6:
After 28 symbols from receiving the BFR response, if a BFD-RS set on a spCell/PUCCH -SCell fails, the UL spatial filter for PUCCH resource(s) associated with the failed BFD-RS set on the spCell/PUCCH -SCell  is updated by the RS resource associated with the latest reported new candidate beam for the failed BFD –RS set (if found) , and the power control parameter for the corresponding PUCCH transmission is set to  [qu=0], qd= q new , and  [l=0], where q new  is the RS resource associated with the latest reported new candidate beam for the failed BFD –RS set, if
1. the PUCCH resource is provided with spatial relation info,
[2. SR is not transmitted or is transmitted on PUCCH not associated with this failed BFR -RS set, and]
3. the failed BFD –RS set on the SpCell/PUCCH -SCell is indicated in the TRP –specific BFR MAC-CE
FFS : Detail on the association between the PUCCH resource(s) and the failed BFD  –RS set, E.g. the PUCCH group for group-based PUCCH -spatial relation info update is associated with each BFD -RS set.


In our views, PUCCH-related beam and power control update should be supported for facilitating TRP-specific uplink recovery as in PCell and SCell BFR procedure. Consequently, we have the following text proposal.
TP3: {38.214: 6	Link recovery procedures}
	<Unchanged part omitted>
For serving cells associated with sets  and , and with sets  and , and having radio link quality worse than Qout,LR, after 28 symbols from a last symbol of a first PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for transmission of the second PUSCH and having a toggled NDI field value, the UE assumes antenna port quasi-collocation parameters 
-	corresponding to  from , if any, for the first CORESETs,
-	corresponding to  from , if any, for the second CORESETs
and transmits PUCCH associated with the , or  on the PCell, or PSCell, or PUCCH-SCell using a same spatial domain filter as the one corresponding , if any, and using a power determined as described in clause 7.2.1 with , , and , if 
-	the UE is provided PUCCH-SpatialRelationInfo for the PUCCH, and
-	the index(es) of set , or  with radio link quality worse than Qout,LR on the PCell, or PSCell, or PUCCH-SCell are indicated by the MAC-CE
[bookmark: _GoBack]where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the serving cells.
<Unchanged part omitted>


To update the beam and power control for PUCCH corresponding to the failed TRP, we can configure CORESETPoolIndex/Candidate RS set index/BFD-RS set index for a PUCCH group configured for updating spatial relation simultaneously. Besides, when the UE can NOT select a new candidate RS for a failed TRP, the UE can deactivate the failed TRP and stop reporting HARQ-ACK for the failed TRP. 
Proposal 4: CORESETPoolIndex/BFD-RS set index/Candidate RS set index is introduced for PUCCH configuration, in order to initialize TRP-specific PUCCH’s beam update.
· Deactivating CORESET(s) associated with the same CORESETPoolIndex, if no candidate RS can be identified.
3.3.2 Updating beam of CORESET/PUCCH in a CC list
Because the TCI states of CORESET in a CC list can be updated simultaneously, the beam of the CC list is same. The UE only need to detect beam failure for one CC of the CC list. When the UE detects that beam failure for one TRP on one CC, the beam of all CORESETs associated with the failed TRP in the CC list should be updated simultaneously to reduce the delay of BFR and overhead of signaling, otherwise the gNB should update beam of each CORESET in each CC. For example, QCL-TypeD RS of all CORESETs associated with a same CORESETPoolIndex in a CC list should be updated as the new reported candidate RS associated with the same CORESETPoolIndex simultaneously. In order to guarantee that the QCL-TypeA RS should be in the local CC, the QCL-RS type A of all CORESETs associated with the same CORESETPoolIndex in each CC of the CC list should be simultaneously updated as a RS with same index as the new reported candidate RS associated with the same CORESETPoolIndex in the corresponding CC. 
Proposal 5: The QCL assumption of all CORESETs associated with a same CORESETPoolIndex in a CC list should be updated according to a new reported candidate RS associated with the same CORESETPoolIndex simultaneously. 
4. Conclusion
In this contribution, we provide the observations and proposals for enhancements on beam management for multi-TRP.
Proposal 1: The RRC parameter configuration between 2 CMR resource sets should be further considered.
· repetition from different sets should be configured with same value.
· aperiodicTriggeringOffset from different sets can be configured with different value(s).
Proposal 2: Introduce a new MAC-CE to activate BFD RS(s) dynamically at least for mDCI-mTRP, in order to guarantee the same timeline between PDCCH beam update and explicit BFD RS configuration.
-    In the MAC-CE, two sets of BFD-RS(s) are explicit provided and associated with respective CORESETPoolIndex.
Proposal 3: Clarify that support to configure an association between a BFD-RS set on SpCell and a PUCCH-SR resource at least on SpCell for TRP-specific BFR procedure.
Proposal 4: CORESETPoolIndex/BFD-RS set index/Candidate RS set index is introduced for PUCCH configuration, in order to initialize TRP-specific PUCCH’s beam update
· Deactivating CORESET(s) associated with the same CORESETPoolIndex, if no candidate RS can be identified.
Proposal 5: The QCL assumption of all CORESETs associated with a same CORESETPoolIndex in a CC list should be updated according to a new reported candidate RS associated with the same CORESETPoolIndex simultaneously. 

TP1: {38.214: 5.1.6.1.2	CSI-RS for L1-RSRP and L1-SINR computation}
	If a UE is configured with a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'on', the UE may assume that the CSI-RS resources, described in Clause 5.2.2.3.1, within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-RS-ResourceSet are transmitted in different OFDM symbols. If repetition is set to 'off', the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter. When the higher layer parameter groupBasedBeamReporting-r17 in CSI-ReportConfig is configured, the UE shall not expect to be configured with different values of repetition in different CSI Resource Sets.
<Unchanged part omitted>


TP2: {38.214: 5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS when the triggering PDCCH and the CSI-RS have the same numerology}
	<Unchanged part omitted>
When aperiodic CSI-RS is used with aperiodic reporting, the CSI-RS offset is configured per resource set by the higher layer parameter aperiodicTriggeringOffset or aperiodicTriggeringOffset-r16. When the higher layer parameter groupBasedBeamReporting-r17 in CSI-ReportConfig is configured, the UE shall not expect to be configured with the same value of CSI-RS triggering offset in different CSI Resource Sets.The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 5, 6, …, 15, 16, 24} slots. If the UE is not configured with minimumSchedulingOffsetK0 for any DL BWP and minimumSchedulingOffsetK2 for any UL BWP and if all the associated trigger states do not have the higher layer parameter qcl-Type set to 'typeD' in the corresponding TCI states, the CSI-RS triggering offset is fixed to zero. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement. 
<Unchanged part omitted>


TP3: {38.214: 6	Link recovery procedures}
	<Unchanged part omitted>
For serving cells associated with sets  and , and with sets  and , and having radio link quality worse than Qout,LR, after 28 symbols from a last symbol of a first PDCCH reception with a DCI format scheduling a PUSCH transmission with a same HARQ process number as for transmission of the second PUSCH and having a toggled NDI field value, the UE assumes antenna port quasi-collocation parameters 
-	corresponding to  from , if any, for the first CORESETs,
-	corresponding to  from , if any, for the second CORESETs
and transmits PUCCH associated with the , or  on the PCell, or PSCell, or PUCCH-SCell using a same spatial domain filter as the one corresponding , if any, and using a power determined as described in clause 7.2.1 with , , and , if 
-	the UE is provided PUCCH-SpatialRelationInfo for the PUCCH, and
-	the index(es) of set , or  with radio link quality worse than Qout,LR on the PCell, or PSCell, or PUCCH-SCell are indicated by the MAC-CE
where the SCS configuration for the 28 symbols is the smallest of the SCS configurations of the active DL BWP for the PDCCH reception and of the active DL BWP(s) of the serving cells.
<Unchanged part omitted>
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