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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, remaining issues on multi-TRP deployment in Rel-17 are discussed based on available agreements in recent RAN1 meetings. It includes issues on enhancement on multi-TRP for PDCCH, PUCCH and PUSCH, enhancement on beam management for multi-TRP and enhancements on HST-SFN deployment. Furthermore, the text proposals for CR are given.   
Remaining issues on multi-TRP deployment
Remaining issues on multi-TRP for PDCCH, PUCCH and PUSCH enhancements
Remaining issues on PDCCH enhancement
In RAN 1 #107 meeting, an agreement was reached for determining  when mapping from VRB to PRB of a PDSCH transmission scheduled by DCI format 1_0 in two linked common search spaces as follows:[bookmark: _Hlk101435287]RAN1 #107-e
[bookmark: _Hlk87880641]Agreement
For two CORESETs associated with two linked CSS, the CORESET with lower ID is used for the following purposes:
· To determine the value of  for mapping VRB to PRB of a PDSCH scheduled by DCI format 1_0.
· To determine the uplink RB set of a PUSCH scheduled by DCI format 0_0 (with CRC scrambled by an RNTI other than TC-RNTI) for UL resource allocation type 2.

 But in latest TS 38.211, it is said two linked search spaces. Since it is only for DCI format in common search space, we propose to make it more accurate and support the following TP.
	TS 38.211
7.3.1.6 Mapping from virtual to physical resource blocks
< Unchanged parts are omitted >
For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block , except for PDSCH transmissions scheduled with DCI format 1_0 in a common search space in which case virtual resource block  is mapped to physical resource block  where  is the lowest-numbered physical resource block in the control resource set where the corresponding DCI was received. When two PDCCH candidates from two linked common search space sets as indicated by the higher-layer parameter searchSpaceLinking are detected, and the two linked common search space sets are associated with different control resource sets, the control resource set with the lowest number among the two linked control resource sets is used to determine .
< Unchanged parts are omitted >



Remaining issues on PUCCH and PUSCH enhancement
	RAN1 #104b-e
Agreement
For type 1 or type 2 CG based multi-TRP PUSCH repetition, 
· Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ 
· For type 1 CG based m-TRP PUSCH repetition, introduce the second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant'.
· For type 2 CG based M-TRP PUSCH, two SRIs/TPMIs are indicated via the activating DCI.
· FFS1: UL PT-RS port(s) and DM-RS port(s) for CG type 1
· FFS3: Details on RV mapping. 
· FFS4: Possible transmission occasion for initial transmission
· FFS5: Other TRP specific parameters in 'rrc-ConfiguredUplinkGrant', e.g., 'dmrs-SeqInitialization’

RAN1 #105-e
Agreement
For type 2 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.
· Applying the first, second, or both first and second RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ is determined from the new DCI field (for dynamic switching) of the activating DCI similar to the case of DG-PUSCH.

RAN1 #106-e
Agreement
When DCI schedules a retransmission of CG-PUSCH for type 1 CG or type 2 CG (DCI with CRC scrambled with CS-RNTI and NDI=1) while the CG configuration is RRC-configured with two fields of power control parameters, apply the same procedure as DCI activation for CG type 2 agreed before, i.e.,
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.
· Applying the first, second, or both first and second RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ is determined from the new DCI field (for dynamic switching) of the activating DCI similar to the case of DG-PUSCH.

Agreement
When a DCI that includes the new 2-bits DCI field for dynamic switching activates a type 2 CG or schedules a retransmission of a type 1 or type 2 CG, and the CG configuration is RRC-configured with only one set of power control parameters (one ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’):
· The UE expects the new DCI field for dynamic switching is set to “00”, and all PUSCH repetitions are associated with the first SRS resource set.

Agreement
For a BWP configured with two SRS resource sets for CB or NCB based mTRP PUSCH repetition with Type 1 CG configuration,
· If the CG is configured with only one field for each of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'p0-PUSCH-Alpha' and 'powerControlLoopToUse', PUSCH repetitions are associated with the first SRS resource set.

Agreement
For mTRP type 1 CG PUSCH, when both srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 are configured with two SRS resource sets, the two SRS resource sets configured by srs-ResourceSetToAddModList is used to determine the SRS resource indications by two srs-ResourceIndicator fields of mTRP CG PUSCH.

Agreement
When fallback DCI (DCI format 0_0) activates a type 2 CG or schedules a retransmission of a type 1 or type 2 CG, and the CG configuration is RRC-configured with 2 sets of power control parameters (two ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’):
· The UE uses the first set of values for power control (first RRC-configured ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’).



There are some agreements about power control about CG based multi-TRP PUSCH transmission above. According to agreement of RAN1 #104b-e, two fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' will be configured in 'ConfiguredGrantConfig’ for type 1 or type 2 CG based multi-TRP PUSCH repetition. Furthermore, there is an agreement about the association between two SRS resource sets and two fields of  'p0-PUSCH-Alpha' and 'powerControlLoopToUse'  in 'ConfiguredGrantConfig’ for type 2 CG based multi-TRP PUSCH repetition in RAN1#105-e. However, there is no further agreement about the association between two SRS resource sets and two fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse'  in 'ConfiguredGrantConfig’ for type 1CG based multi-TRP PUSCH repetition. There must be a similar agreement to specify the association between two SRS resource sets and two fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ for type 1CG based multi-TRP PUSCH repetition for as type 2 CG based multi-TRP PUSCH repetition. Therefore, we propose that:
Proposal 1: For type 1 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.

Besides, current description in TS38.213 [1] does not support two fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ for type 1CG based multi-TRP PUSCH transmission. For DCI format 0_0 activates a type 2 CG or schedules a retransmission of a type 1 or type 2 CG, if two sets of power control parameters are configured in the CG configuration, first set of values for power control will be used. However, current description in TS38.213 neither covers this case. Therefore, we proposed the following TP.
	TS 38.213
7.1.1 UE behavior
< Unchanged parts are omitted >
-	For a PUSCH (re)transmission configured by ConfiguredGrantConfig, ,  is provided by p0-NominalWithoutGrant, or  if p0-NominalWithoutGrant is not provided. 
-	If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format that includes a SRS resource set indicator field, and for active UL BWP  of carrier  of serving cell 
-	If the SRS resource set indicator value is 00, first  value is provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 01, second  value is provided by the value of p0-PUSCH-Alpha2 in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 10 or 11, first and second  values are respectively provided by the values of p0-PUSCH-Alpha and by p0-PUSCH-Alpha2 in ConfiguredGrantConfig.
-	else if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a transmission of a configured grant Type 1 PUSCH, and for active UL BWP   of carrier  of serving cell
-	a first  value is provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig which is associated with the first srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-	a second  value is provided by the value of p0-PUSCH-Alpha2 in ConfiguredGrantConfig which is associated with the second srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-    else if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format 0_0, and for active UL BWP   of carrier  of serving cell
-	a first  value is provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig.
-	else,  is provided by p0 obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig that provides an index P0-PUSCH-AlphaSetId to a set of P0-PUSCH-AlphaSet, or by p0-PUSCH for a PUSCH (re)transmission as described in clause 19.1, for active UL BWP  of carrier  of serving cell 
< Unchanged parts are omitted >
	For , 
-	If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format that includes an SRS resource set indicator field, and for active UL BWP  of carrier  of serving cell 
-	If the SRS resource set indicator value is 00, first  value is provided by p0-PUSCH-Alpha in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 01, first  value is provided by p0-PUSCH-Alpha2 in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 10 or 11, first and second  values are respectively provided by p0-PUSCH-Alpha and p0-PUSCH-Alpha2 in ConfiguredGrantConfig.
-	else if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a transmission of a configured grant Type 1 PUSCH, and for active UL BWP   of carrier  of serving cell
-	a first  value is provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig which is associated with the first srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-	a second  value is provided by the value of p0-PUSCH-Alpha2 in ConfiguredGrantConfig which is associated with the second srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-    else if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format 0_0, and for active UL BWP   of carrier  of serving cell
-	a first   value is provided by the value of p0-PUSCH-Alpha in ConfiguredGrantConfig.
-	else  is provided by alpha obtained from p0-PUSCH-Alpha in ConfiguredGrantConfig providing an index P0-PUSCH-AlphaSetId to a set of P0-PUSCH-AlphaSet, or by alpha for a PUSCH (re)transmission as described in clause 19.1, for active UL BWP  of carrier  of serving cell 
< Unchanged parts are omitted >
	If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format that includes a SRS resource set indicator field, and for active UL BWP  of carrier  of serving cell 
-	If the SRS resource set indicator value is 00,  is equal to the value of powerControlLoopToUse in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 01,  is equal to the value of powerControlLoopToUse2 in ConfiguredGrantConfig.
-	If the SRS resource set indicator value is 10 or 11, a first  and a second  are respectively equal to powerControlLoopToUse and powerControlLoopToUse2 in ConfiguredGrantConfig.
-	If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a transmission of a configured grant Type 1 PUSCH, and for active UL BWP  of carrier  of serving cell
-	a first  is equal to the value of powerControlLoopToUse in ConfiguredGrantConfig which is associated with the first srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-	a second  is equal to the value of powerControlLoopToUse2 in ConfiguredGrantConfig which is associated with the second srs-ResourceIndicator in rrc-ConfiguredUplinkGrant.
-	else if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', and is provided p0-PUSCH-Alpha2, for a retransmission of a configured grant Type 1 PUSCH, or for activation or retransmission of a configured grant Type 2 PUSCH, scheduled by a DCI format 0_0, and for active UL BWP  of carrier  of serving cell 
-	 is equal to the value of powerControlLoopToUse in ConfiguredGrantConfig.
-	else, for a PUSCH (re)transmission configured by ConfiguredGrantConfig, the value of  is provided to the UE by powerControlLoopToUse in ConfiguredGrantConfig.
< Unchanged parts are omitted >



In last meeting, PTRS-DMRS association is clarified for PUSCH transmission to M-TRP with maxRank=2. But for PUSCH transmission to S-TRP with maxRank=2, the UE’s behavior is still unclear. Some companies think Rel-15/16 rule is used and it needn’t to include the S-TRP case. We share same view that Rel-15/16 rule can be reused, but a UE’s behavior is a little different from Rel-15/16’s UE since Rel-17 introducing the SRS resource set indicator for dynamic switching and introducing a second SRS resource indicator and a second Precoding information field, therefore we propose the following TP for TS38.212[2] and TS38.213[1].
	TS 38.212
7.3.1.1.2 Format 0_1
< Unchanged parts are omitted >
-		PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1;
[bookmark: _Hlk101272858]-	2 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports field. When the SRS resource set indicator field is present and maxRank>2, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26. When the SRS resource set indicator field is present and equals “10” or “11” and maxRank=2, the MSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator and/or Precoding information and number of layers field, and the LSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to Second SRS resource indicator field and/or Second Precoding information field, according to Table 7.3.1.1.2-25A. When the SRS resource set indicator field is present and is equal “00” and “01” and maxRank=2, the field indicates the association between PTRS port(s) and DMRS port(s) corresponding to the first SRS resource indicator and/or first Precoding information and number of layers field, according to Table 7.3.1.1.2-25.
< Unchanged parts are omitted >

7.3.1.1.3 Format 0_2
< Unchanged parts are omitted >
-	PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1;
-	2 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports field. When the SRS resource set indicator field is present and maxRank>2, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26. When the SRS resource set indicator field is present and equals “10” or “11” and maxRank=2, the MSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator and/or Precoding information and number of layers field, and the LSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to Second SRS resource indicator field and/or Second Precoding information field, according to Table 7.3.1.1.2-25A.When the SRS resource set indicator field is present and is equal “00” and “01” and maxRank=2, the field indicates the association between PTRS port(s) and DMRS port(s) corresponding to first SRS resource indicator and/or first Precoding information and number of layers field, according to Table 7.3.1.1.2-25.
< Unchanged parts are omitted >



There is an agreement about two PHR determination for M-TRP PUSCH in RAN1#106e as follows.
	Agreement
For option 4, support the following: 
· When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, second PHR value is determined as, 
· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, select Alt. 2A 
· Alt.2A: Is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.
· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.
· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), select Alt. 1B 
· Alt1B: a second PHR value is reported as virtual PHR.
· If the first PHR value is virtual, select Alt. 1C 
· Alt1C: a second PHR value is reported as virtual PHR.
· Note: It was agreed that when second PHR is virtual, it is calculated based on a set of default power control parameters defined for the other TRP (that is not associated with the first PHR)
· Note: It was agreed that the above is applicable to both single entry and multi-entry PHR reports



According to this agreement, when the second PHR is virtual, it is calculated based on a set of default power control parameter set defined for the other TRP. Although there is default power control parameter set defined for each TRP as shown in the following agreement in RAN1#106e which is defined for the case that one SRS resource per SRS resource set is configured (SRI field is absent), whether the default power control parameter set per TRP defined for SRI field absence is also applied for virtual PHR calculation is not clear according to the agreement. Besides, how to determine the first and second virtual PHRs when two virtual PHRs are determined is not clear according to the agreement. Therefore, we propose that:
Propose 2: The default power control parameter set per TRP defined when the SRI field is absent (one SRS resource per SRS resource set) is applied for virtual PHR calculation when twoPHRMode is enabled.
Propose 3: The first and second virtual PHR are associated with the first and second SRS resource set respectively if two virtual PHRs are determined.
	Agreement
For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), per TRP default P0, alpha, PL-RS, and closed loop index is defined by,  
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.



Current description in TS38.213 [1] about two PHRs only mentioned to determine two PL-RSs for two PHRs according to clause 7.1.1. If a PHR is a virtual PHR, default PL-RS determination for virtual PHR calculation is not included in clause 7.1.1. Besides, how to determine the other control parameters except for PL-RS for virtual PHR is not included in TS38.213[1]. Therefore, we propose the following TP to cover all the issues related to virtual PHR described before.
	TS 38.213
7.7.1 Type 1 PH report
< Unchanged parts are omitted >
If a UE transmits a PUSCH associated with a first RS resource index , as described in clause 7.1.1, on active UL BWP  of carrier  of serving cell  in slot  and is provided twoPHRMode on active UL BWP  of carrier  of serving cell  in slot  and is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook', the UE provides a two Type 1 power headroom reports for PUSCH repetition associated with a second RS resource index , as described in clause 7.1.1, where
-	if the UE provides a first Type 1 power headroom report for an actual PUSCH repetition of a PUSCH transmission starting earliest in the slot which is associated with the first RS resource index  one SRS resource set, 
-	if the UE transmits PUSCH repetitions associated with the second RS resource index  the other SRS resource set in slot , the UE provides a second Type 1 power headroom report for a first actual PUSCH repetition associated with the second RS resource index  other SRS resource set that overlaps with slot 
-	otherwise, the UE provides a second Type 1 power headroom report for a reference PUSCH transmission associated with the second RS resource index  other SRS resource set.
-	if the other SRS resource set is the first SRS resource set, the second Type 1 power headroom report is calculated according to the formulation for virtual PHR calculation above where  and  are obtained using  and p0-PUSCH-AlphaSetId = 0,  is obtained using pusch-PathlossReferenceRS-Id = 0 if the UE is not provided enablePL-RS-UpdateForPUSCH-SRS or is obtained from the PUSCH-PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlId = 0 of sri-PUSCH-MappingToAddModList if the UE is provided enablePL-RS-UpdateForPUSCH-SRS, and .
-	otherwise, the second Type 1 power headroom report is calculated according to the formulation for virtual PHR calculation above where  and  are obtained using  and p0-PUSCH-AlphaSetId = 1,  is obtained using pusch-PathlossReferenceRS-Id = 1 if the UE is not provided enablePL-RS-UpdateForPUSCH-SRS or is obtained from the PUSCH-PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlId = 0 of sri-PUSCH-MappingToAddModList2 if the UE is provided enablePL-RS-UpdateForPUSCH-SRS, and  if the UE is provided twoPUSCH-PC-AdjustmentStates or  if the UE is not provided twoPUSCH-PC-AdjustmentStates.
-	otherwise, if the UE provides a first Type 1 power headroom report for a reference PUSCH transmission associated with the first RS resource index SRS resource set, the UE provides a second Type 1 power headroom report for a reference PUSCH transmission associated with the second RS resource index  SRS resource set, where
-	the first Type 1 power headroom report is calculated according to the formulation for virtual PHR calculation above where  and  are obtained using  and p0-PUSCH-AlphaSetId = 0,  is obtained using pusch-PathlossReferenceRS-Id = 0 if the UE is not provided enablePL-RS-UpdateForPUSCH-SRS or is obtained from the PUSCH-PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlId = 0 of sri-PUSCH-MappingToAddModList if the UE is provided enablePL-RS-UpdateForPUSCH-SRS, and .
-	the second Type 1 power headroom report is calculated according to the formulation for virtual PHR calculation above where  and  are obtained using  and p0-PUSCH-AlphaSetId = 1,  is obtained using pusch-PathlossReferenceRS-Id = 1 if the UE is not provided enablePL-RS-UpdateForPUSCH-SRS or is obtained from the PUSCH-PathlossReferenceRS-Id mapped to sri-PUSCH-PowerControlId = 0 of sri-PUSCH-MappingToAddModList2 if the UE is provided enablePL-RS-UpdateForPUSCH-SRS, and  if the UE is provided twoPUSCH-PC-AdjustmentStates or  if the UE is not provided twoPUSCH-PC-AdjustmentStates.
< Unchanged parts are omitted >



Remaining issues on beam management for multi-TRP enhancements
Remaining issues on group-based beam reporting
One FFS point for group-based beam reporting is how to report the CRI when different value(s) of repetition in different CSI Resource Sets are configured as the achieved agreement 
	Agreement
When the higher layer parameter groupBasedBeamReporting-r17 in CSI -ReportConfig is configured, the UE can be configured with the same or different value(s) of repetition in different CSI Resource Sets.
· FFS: UE reports CRI regardless of whether repetition is set to ‘on’ or not
· Whether/how to capture the above is up to editor.



Assuming that 8 different CSI-RS resources are configured with one CSI Resource Set with higher layer parameter repetition set as ‘off’ and one CSI-RS resource with higher layer parameter repetition set as ‘on’ is configured in the other CSI-RS resource set as follows:
CMR#1={CSI-RS#1-1, CSI-RS#1-2, CSI-RS#1-3, CSI-RS#1-4, CSI-RS#1-5, CSI-RS#1-6, CSI-RS#1-7, CSI-RS#1-8}
CMR#2={CSI-RS#2-1, CSI-RS#2-1, CSI-RS#2-1, CSI-RS#2-1, CSI-RS#2-1, CSI-RS#2-1, CSI-RS#2-1, CSI-RS#2-1}
When the UE is configured to report two beam groups, if the UE selects beam group {CSI-RS#1-2, CSI-RS#2-1} and { CSI-RS#1-6, CSI-RS#2-1} to report, the UE could report the following beam report 1 or beam report 2:
Beam report 1: {Resource set indicator=0, CRI=1, CRI=5, RSRP#1, Differential RSRP#2, Differential RSRP#3, Differential RSRP#4}
Beam report 2: {Resource set indicator=1, CRI=1, CRI=5, RSRP#1, Differential RSRP#2, Differential RSRP#3, Differential RSRP#4}
For beam report 1, the Resource set indicator field indicates that RSRP#1 and Differential RSRP#3 correspond to the L1-RSRP for CSI-RS#2-1 within the first CMR set, and Differential RSRP#2 and Differential RSRP#4 correspond to the L1-RSRP for CSI-RS#1-2 and CSI-RS#1-6 within the second CMR set. 
For beam report 2, the Resource set indicator field indicates that RSRP#1 and Differential RSRP#3 correspond to the L1-RSRP for CSI-RS#1-2 and CSI-RS#1-6 within the second CMR set, and Differential RSRP#2 and Differential RSRP#4 correspond to the L1-RSRP for CSI-RS#2-1 within the first CMR set.
It can be seen that the CRI corresponding to the CSI-RS resource with repetition set as ‘on’ is not required to be reported as in Rel-15, and the gNB can obtain the mapping between each selected CSI-RS resource and the reported L1-RSRP value.
Proposal 4: The CRI for CSI-RS resource with repetition set as ‘on’ is not required to be reported.
Remaining issues on TRP-specific BFRQ
	Agreement
Support to configure/update explicit BFD -RS set by RRC signaling and MAC CE signaling


According to the agreement of RAN1#108e above, RRC signalling and MAC CE signaling are both supported for explicit BFD-RS set configuration/updating in TRP-specific BFR. However, only MAC CE signaling is supported according to the current description in TS38.213 [1], therefore, we propose the following TP to include RRC signaling for explicit BFD-RS set configuration.
	TS 38.213
6 Link recovery procedures
< Unchanged parts are omitted >
A UE can be provided, for each BWP of a serving cell, a set  of periodic CSI-RS resource configuration indexes by failureDetectionResourcesToAddModList and a set  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by candidateBeamRSList or candidateBeamRSListExt or candidateBeamRSSCellList for radio link quality measurements on the BWP of the serving cell. Instead of the sets  and , for each BWP of a serving cell, the UE can be provided respective two sets  and  of periodic CSI-RS resource configuration indexes by failureDetectionResourcesToAddModList1 and failureDetectionResourcesToAddModList2 that can be activated updated by a MAC CE [11 TS 38.321] and corresponding two sets  and  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by candidateBeamRSList1 and candidateBeamRSList2, respectively, for radio link quality measurements on the BWP of the serving cell. The set  is associated with the set  and the set  is associated with the set .
< Unchanged parts are omitted >



Remaining issues on HST-SFN deployment enhancements
	RAN1 #108-e
Agreement
When SFN is configured for PDSCH and not configured for PDCCH, TCI field should be always present in DCI formats 1_1 and 1_2 for SFN PDSCH transmission with scheduling offset larger than threshold timeDurationForQCL if applicable
· FFS whether the above assumption is applicable for UE not capable of dynamic switching 



If a UE is not capable of dynamic switching, a PDSCH should be transmitted from an S-TRP as the PDCCH is transmitted from an S-TRP. In such case, there shall be no such restriction on whether the TCI state is present in DCI formats 1_1 and 1_2. When TCI state is present in DCI formats 1_1 and 1_2, a single TCI state is expected to be indicated in the DCI. When TCI state is not present in DCI formats 1_1 and 1_2, a rule is already agreed by using the TCI state of the PDCCH CORESET. Therefore, we propose:
Proposal 5: When SFN is configured for PDSCH and not configured for PDCCH, TCI field may be present in DCI formats 1_1 and 1_2 for a UE that is not capable of dynamic switching.
It was agreed in RAN1#108e that enhanced TCI state indication for UE specific PDCCH MAC CE can be applied to any CORESET including CORESET zero. However, the UE behavior for monitoring PDCCH candidates in CSS 0/0A/1/2 associated with CORESET activated with two TCI states is not yet decided. There are two options for down-selection during email discussion. For Alt. 2, the first TCI state among two activated TCI states for the CORESET is applied for the CSS reception. For option 3, both TCI states among two activated TCI states for the CORESET are applied for the CSS reception. For option 3, it is complicated for UE to determine monitoring occasion since it is possible for UE to select one or two monitoring occasions associated with two activated TCI states for the CSS reception. Furthermore, UE realization complexity is expected to be higher due to the possibility of receiving PDCCH candidates with 2 activated TCI states from one gNB as well as receive PDCCH candidates with 1 activated TCI state from another gNB. On the other hand, option 2 has small impact by reusing legacy UE behaviour as much as possible with specifying actually used TCI state. Based on the above discussion, we support option 2.
Proposal 6: Support option 2: If PDCCH candidates in CSS 0/0A/1/2 are associated with a CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception.
Some agreements are made on implicit configuration for beam failure detection during previous meetings, however there are no conclusions up to RAN1#108-e on whether to support UE capability for the larger number of BFD RS for the implicit BFD RS. Given that two RSs are associated with one SFN CORESET, the maximum number of monitored BFD RSs, denoted as X, may be increased due to additional SFN based CORESET on top of non-SFN based CORESET. However, the benefit of increasing X is not obvious and may cause notable specification impact, such as defining the rules for selecting multiple BFD RSs for implicit BFD RS configuration. Given the limited remaining time for Rel.17 MIMO discussion, we are fine to keep 2 as the maximum value. Based on the discussion, our preference for the maximum numbers of monitored RS is shown as follows
Proposal 7: Keep maximum monitored BFD RS number as 2.
During the email discussion in RAN1#106-e, it was proposed to down select between the alternatives for RS configuration for BFD for explicit configuration. However, there has been no final conclusion for this topic in RAN1 #108-e. For each BWP of a serving cell, the UE assesses the DL link quality of a serving cell based on the RS in a set  of periodic CSI-RSs in order to detect beam failure, where the UE compares the radio link quality in each CSI-RS in  to a radio-link quality threshold Qout_LR, corresponding to a 10% BLER estimate for PDCCH transmission. For SFN-based PDCCH transmission with two activated TCI states, the threshold Qout_LR needs to be re-derived to correspond to SFN-based PDCCH transmission rather than a single-point PDCCH transmission, where two periodic CSI-RSs or SSBs with their TCI states corresponding to SFN based PDCCH transmission may be required for estimating the radio link quality. Thus, pairs of RS/SSB can be configured in set , where each of the two elements in the RS/SSB pair corresponds to one of the two TRPs. For schemes that reuse Rel-15/Rel-16 approach for BFD RS configuration, only one CSI-RS or SSB is used for hypothetical BLER calculation and hence it does not match SFN PDCCH transmission for HST. Thus, false alarm on beam failure detection may occur. Therefore, we support defining CSI-RS resource or SSB pairs for explicit configuration. 
Proposal 8: Support defining CSI-RS resource or SSB pairs for BFD explicit configuration.
In RAN1 106bis-e, it was agreed that NBI RS can be configured by scheme Alt 4-1, i.e. using the existing Rel-15 NBI configuration based on single SSB/CSI-RS resource, when two TCI states are activated for a CORESET. However, we still have no final conclusion up to RAN1#108-e on whether to support Alt 4-2, i.e., two new beam identification CSI-RS resource sets/new beam identification CSI-RS resource pairs or SSB pairs. If Alt 4-2 is supported, two new beam(s) may be identified for later PDSCH/PDCCH transmission, which can then support later SFN based PDSCH/PDCCH transmission, leading to improving the transmission reliability. It would be better to support Alt 4-2 to provide the flexibility for later transmission with one or two identified beams. Furthermore, it is compatible with NBI RS configuration for Rel.17 per-TRP based beam failure. Thus, our proposal is:
Proposal 9: Support Alt 4-2: introduce two new beam identification CSI-RS resource sets or new beam identification CSI-RS resource pairs or SSB pairs.
Conclusion
Based on above discussion, our proposals are summarized as follows:
Proposal 1: For type 1 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.
Propose 2: The default power control parameter set per TRP defined when the SRI field is absent (one SRS resource per SRS resource set) is applied for virtual PHR calculation when twoPHRMode is enabled..
Propose 3: The first and second virtual PHR are associated with the first and second SRS resource set respectively if two virtual PHRs are determined.
Proposal 4: The CRI for CSI-RS resource with repetition set as ‘on’ is not required to be reported.
Proposal 5: When SFN is configured for PDSCH and not configured for PDCCH, TCI field may be present in DCI formats 1_1 and 1_2 for a UE that is not capable of dynamic switching.
Proposal 6: Support option 2: If PDCCH candidates in CSS 0/0A/1/2 are associated with a CORESET that activated with two TCI states, the first TCI state is applied for the CSS reception.
Proposal 7: Keep maximum monitored BFD RS number as 2.
Proposal 8: Support defining CSI-RS resource or SSB pairs for BFD explicit configuration.
Proposal 9: Support Alt 4-2: introduce two new beam identification CSI-RS resource sets or new beam identification CSI-RS resource pairs or SSB pairs.
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