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Introduction
In RAN1 #106 meeting, the following agreements of multi-TRP reliability enhancement have been achieved.
	Agreement
If a PDSCH is scheduled by a DCI in PDCCH candidates (the first PDCCH candidate associated with a first CORESET and the second PDCCH candidate associated with a second CORESET) that are linked for repetition:
· Confirm the WA: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.

Agreement
For the issues involving a timeline for/related to DCI decoding, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used as a reference. This includes at least the following issues
· For N timeline and the HARQ ACK slot offset in the case that DL DCI does not schedule PDSCH but requests HARQ-Ack: SPS release DCI, SCell dormancy indication, requesting Type-3 HARQ-Ack codebook
· For SPS PDSCH cancelation timeline (14 symbols)
· For PUCCH resource overriding timeline (N3)
· For starting drx-InacitivityTimer
· For timeline to send PRACH in response to PDCCH order
· For PDSCH / AP-CSI-RS reception preparation time with cross carrier scheduling with different SCS’s for PDCCH and PDSCH / AP-CSI-RS, i.e., minimum scheduling delay Npdsch and Ncsirs
· For PHR timeline conditions for virtual versus actual PHR
· For TPC application time window to determine whether a TPC command is applicable or not
· For CPU occupation duration for AP-CSI
For the following issue, the PDCCH candidate that starts earlier in time among the two linked PDCCH candidates is used as a reference:
· For determining the most recent transmission of SRS resource(s) identified by the SRI

Agreement
Among the two Alts in RAN1 #104b-e agreement on PDSCH mapping Type B, support Alt1 (The candidate that starts later in time).

Agreement
For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped)
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· At least the following Rel. 15/16 rules are applicable for this purpose:
· Case 1: Overlap with SSB
· Case 2: Overlap with rate matching resources: RateMatchPattern, lte-CRS-ToMatchAround, or LTE-CRS-PatternList-r16, availableRB-SetPerCell-r16
· Case 3: Due to TDD DL/UL related conflicts: Overlap with semi-static / dynamic UL symbols or overlap with PRACH
· FFS: Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· FFS: Case 6: Overlap with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE
· Other cases are not precluded
· This does not impact the BD count for both dropped and non-dropped PDCCH candidates

Agreement 
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select one Alt for each of Case 1 and Case 2 in RAN1 #106-bis-e:
· Case 1: 2 BDs are counted for two linked candidates:
· Alt1: No change (use existing spec)
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-1: The third BD is counted as a virtual SS set (i.e., the virtual SS set for the third BDs is dopped before dropping the linked SS sets).
· Alt1-2: The third BD is counted as part of the SS set with higher ID.
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· FFS: Inter-span PDCCH repetition for r16monitoringcapablity.

Agreement 
Study whether/how to handle UE complexity / memory requirements for linked PDCCH candidates
· The following cases can be considered:
· Case 1: One pair of linked MO’s of one pair of linked SS sets in a given slot with large number of candidates.
· Case 2: Multiple pairs of linked MO’s of one pair of linked SS sets in a given slot, where MO’s of the two SS sets are not interlaced
· Case 3: For two pairs of linked SS sets (e.g. SS sets 1 and 2 are linked, and SS sets 3 and 4 are linked), a MO of any of the SS sets (e.g. SS set 3) is in between two linked MOs of another two SS sets (e.g. SS sets 1 and 2).
· Other cases are not precluded.
· Examples of possible mechanisms to address the issue: Restrictions in the spec, UE capability, limit total number linked candidates in a slot, limit total number of linked candidates / CCEs at any given time (similar to CPU occupation)
· Whether the solution should also depend on AL of linked candidates
· The case of CA can also be considered

Agreement 
SS set configured by recoverySearchSpaceId cannot be linked to another SS set for PDCCH repetition.

Agreement 
For AP-CSI-RS scheduled by two PDCCH candidates that are linked for repetition, the UE does not expect that the AP-CSI-RS is transmitted before the first symbol of the PDCCH candidate that starts later in time.

Working Assumption
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.
FFS: How above applies for UEs doing soft combining

Agreement
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, down-select from the following Alts in RAN1 #106-bis-e:
· Alt1: Identify the two QCL-Type D properties based on legacy priority order.
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· FFS: The case of no such SS set pair
· Alt3: Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· Priority order: SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID
· Linked SS set has higher priority than individual SS set
· FFS: The case that the first QCL-TypeD is from unlinked CSS
· FFS: The case of no linked SS sets among the multiple overlapping CORESETs

Agreement
Support PDCCH repetition for Type3 CSS.

Agreement
For PDCCH repetition in Rel. 17, study the following aspects:
· Whether/how to support PDCCH repetition for Type0/0A/1/2 CSS
· Whether to support PDCCH order transmitted with PDCCH repetitions with different beams triggering CFRA for SpCell, and if it is supported how to determine the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH.

Conclusion
There is no consensus in RAN1 to support inter-slot PDCCH repetition in Rel. 17.

Agreement
When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate). 
· Whether the individual candidate is monitored or not is determined by a UE capability 
· FFS (In UE feature session): The details including reusing the reported number of BDs for this purpose, or relation to reported number of BDs
· In both cases, the individual candidate is not counted toward the BD limit.
· UE capability for max number of such overlaps is introduced 
· FFS: Value of 0 is included as a candidate value for the UE capability
· The details to be discussed as part of UE capability discussions
· FFS: When the individual candidate is monitored, the scenario where the other linked candidate is also “overlapping” (same CORESET, DCI size, CCEs, scrambling) with a second individual candidate

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 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’).

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 the new field in DCI for dynamic switching, 
· For Codepoint “11”, the 1st SRI/TPMI field associate with the 1st SRS resource set while the 2nd SRI/TPMI field associate with the 2nd SRS resource set. i.e.,  
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	11
	m-TRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields


· For Codepoint “11”, the first repetition in time is associated with the second SRS resource set, and the remaining repetitions follow the configured mapping pattern (cyclic or sequential).
· For Codepoint “10”, the first repetition in time is associated with the first SRS resource set, and the remaining repetitions follow the configured mapping pattern (cyclic or sequential).

Agreement
For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.

Agreement
For SP-CSI report on mTRP PUSCH repetition Type A and B activated by a DCI, support the use of a similar mechanism to A-CSI multiplexing on M-TRP PUSCH without a TB, which includes the following,
· When SP-CSI multiplexed on m-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.
· For mTRP PUSCH repetition Type A, or for the first PUSCH after activation for PUSCH repetition Type B, reuse similar conditions to support SP-CSI multiplexing on m-TRP PUSCH as defined in A-CSI multiplexing on M-TRP PUSCH, i.e., 
· The UE is expected to follow the above operation for transmitting SP-CSI on two PUSCH repetitions only if 
· For the first PUSCH after activation for PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and B, UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE transmits SP-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· For subsequent PUSCHs after activation (without corresponding PDCCH) for PUSCH repetition Type B, use the following criteria, 
· If the first / second nominal repetition is not the same as the first / second actual repetition, the first / second nominal repetition is dropped
· If one of the first or second nominal repetitions is not dropped, SP-CSI is multiplexed on that repetition
· Else (the first and second nominal repetitions are the same as the first and second actual repetitions) 
· If UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions, SP-CSI is multiplexed on both repetitions.
· Otherwise, UE transmits SP-CSI only on the first PUSCH repetition similar to Rel. 15/16 (and the second repetition is dropped)

Agreement
For indicating per-TRP OLPC set in DCI format 0_1/0_2, if no SRI field presents in the DCI, 
· Use the existing field (1 or 2 bits) for OLPC set indication and the second p0-PUSCH-SetList-r16. 
· if value of the field equals to ‘0’ or ‘00’, the UE determine two values of P0 for two TRPs (one P0 value for each TRP) from the first and the second default P0 values.
· Note: per TRP default P0 values to be decided in separate discussion (alt.1, alt.2, alt.3 in default power control parameter sets).  
· if value of the field equals to ‘1’ or ‘01’, the UE determine two values of P0 for two TRPs (one P0 value for each TRP) from the first value in the first P0-PUSCH-Set-r16_list and the first value in the second P0-PUSCH-Set-r16_list.
· if value of the field equals to ‘10’ or ‘11’, the UE determine two values of P0 for two TRPs (one P0 value for each TRP) from the second value in the first P0-PUSCH-Set-r16_list and the second value in the second P0-PUSCH-Set-r16_list. 

Agreement
For per-TRP closed-loop power control, when the indicated PUCCH transmission in DCI format 1_0 (fallback DCI) is associated with two “closedLoopIndex” values for multi-TRP PUCCH transmission schemes, the single TPC field (the existing TPC field) is applied to both closed loop indices for the scheduled PUCCH. 

Working assumption
For non-codebook based multi-TRP PUSCH repetition, select Alt.2. 
· Alt. 2: the actual number of PT-RS ports corresponding to the 1st SRS resource set can be different from the actual number of PT-RS ports corresponding to the 2nd SRS resource set.
· FFS: Whether specification change is needed due to this working assumption

Agreement
For RV mapping of type 1 or type 2 CG based multi-TRP PUSCH repetition, support, 
· the configured RV sequence (via “repK-RV”) is applied separately for PUSCH repetitions corresponding to the first TRP and the second TRP with a an RV offset for the starting RV corresponding to the second TRP (similar to the case of dynamic multi-TRP PUSCH repetition).
· if startingFromRV0 set to ‘on’, support that the initial transmission of a transport block may start at:
· the first RV0 transmission occasion of any TRP if the configured RV sequence is {0 2 3 1},
· any of the transmission occasions of the K repetitions that are associated with RV = 0 if the configured RV sequence is {0 3 0 3}, (same as Rel-15/16).
· any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K≥8. (same as Rel-15/16).   
· if startingFromRV0 set to ‘off’, the initial transmission of a transport block may only start at the first transmission occasion of the K repetitions (same as Rel-15/16).

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, PHR value(s) are determined as, 
· The first PHR value is reported same as Rel. 15/16.
· 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. 1A or Alt. 2A 
· Alt.1A: Is always actual. When there are more than one repetitions associated with the other TRP, the second PHR is calculated considering on the following repetition, 
· If there are repetition(s) towards the other TRP which transmit after the repetition used to calculate first PHR, the UE select the earliest repetition among them.
· Otherwise, the UE select the latest repetition which transmitted before the repetition used to calculate first PHR.  
· 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 or Alt. 2B
· Alt1B: a second PHR value is reported as virtual PHR.
· Alt2B: a second PHR is not reported
· If the first PHR value is virtual, select Alt. 1C or Alt. 2C
· Alt1C: a second PHR value is reported as virtual PHR.
· Alt2C: a second PHR is not reported
· 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: the above is applicable to both single entry and multi-entry PHR reports

Agreement
For the grouping of PUCCH resources in Rel-17 multi-TRP PUCCH repetition schemes,
· Support MAC-CE activating two spatial relation info’s (for FR2) for a group of PUCCH resources in a CC. 
· Support MAC-CE activating two sets of power control parameters (for FR1) for a group of PUCCH resources in a CC. 
· When the PUCCH resource is indicated with two spatial relation info’s or two sets of power control parameters (via a MAC-CE that activating two spatial relation info’s or a MAC-CE that activating two sets of power control parameters for a group of PUCCH resources, respectively), the other PUCCH resources in the group also get updated to have the same two spatial relation info’s or two sets of power control parameters.
· When the PUCCH resource is indicated with one spatial relation info or one set of power control parameters (via a MAC-CE that activating single spatial relation info or a MAC-CE that activating single set of power control parameters for a group of PUCCH resources, respectively), then the other PUCCH resources in the group also get updated to have the same spatial relation info or the same set of power control parameters.
· The signalling details are up to RAN2 to decide.
· Note: Impacts coming from coverage enhancement work item on associating PUCCH resource with repetition factor can be discussed separately

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.

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

Agreement 
For per-TRP closed-loop power control, 
· When the second TPC field is configured and the indicated PUCCH transmission in DCI formats 1_1/1_2  (or PUSCH transmission in DCI formats 0_1/0_2) is associated with one “closedLoopIndex” value for single TRP transmission, the other TPC field associated with the other “closedLoopIndex” value is unused. 
· Note1: Each TPC field is for each closed-loop index value respectively (i.e., 1st /2nd TPC fields correspond to “closedLoopIndex” value = 0 and 1, respectively).
· Note2: When the other TPC field associated with the other “closedLoopIndex” value is unused, the unused TPC field is not applied for any legacy procedures of calculating sum of TPC command values.

Agreement 
For mTRP PUCCH (or PUSCH) repetitions schemes, 
· When the second TPC field is configured and the indicated PUCCH transmission in DCI formats 1_1/1_2 (or PUSCH transmission in DCI formats 0_1/0_2) is associated with the same “closedLoopIndex” value for mutli-TRP tranmission, the other TPC field associated with the other “closedLoopIndex” value is unused. 
· Note: When the other TPC field associated with the other “closedLoopIndex” value is unused, the unused TPC field is not applied for any legacy procedures of calculating sum of TPC command values.

Agreement
On the number of SRS resource configured in the two SRS resource sets, select one of the following alternatives, 
· Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. 
· Alt.2: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on the first SRS resource set
· FFS: How to interpret “SRI field is present or not present”
· Alt.3: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the smaller, same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets
· FFS: How to interpret “SRI field is present or not present”

Agreement
If the PUCCH resource with the lowest ID is activated with two spatial relation info, the spatial relation info with lower ID, is used as the default beam for PUSCH scheduled by DCI format 0_0.



In this contribution, we provide some discussion on PDCCH/PUSCH/PUCCH reliability enhancement.
PDCCH reliability enhancement
QCL-TypeD collision handling
In RAN1 #106, the following agreement on QCL-TypeD collision handling enhancement was reached.
	Agreement
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, down-select from the following Alts in RAN1 #106-bis-e:
· Alt1: Identify the two QCL-Type D properties based on legacy priority order.
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· FFS: The case of no such SS set pair
· Alt3: Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· Priority order: SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID
· Linked SS set has higher priority than individual SS set
· FFS: The case that the first QCL-TypeD is from unlinked CSS
· FFS: The case of no linked SS sets among the multiple overlapping CORESETs




Alt1 may lead to two QCL-TypeD that cannot be simultaneously received by the UE. Both Alt2 and Alt3 can work, as it may lead to two potential outcomes:
· Outcome 1: A single QCL-TypeD is identified
· Outcome 2: Two QCL-TypeD that can be received simultaneously are identified
Compared to Alt3, Alt2 is with higher complexity, as it requires UE to compare the priority for multiple SS sets twice. Thus, Alt3 is preferred.
Proposal 2-1: For QCL-TypeD collision handling, Alt3 is supported, which is to assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
PDCCH repetitions in PCell
For PCell BFR, currently SS-BFR is one-to-one mapped to CORESET-BFR. To reserve more CORESETs for PDCCH repetitions, the SS-BFR and CORESET-BFR do not need to be 1-to-1 linked. Some normal SSs can be associated with the CORESET-BFR, so that PDCCH repetitions can be supported based on CORESET-BFR.
Proposal 2-2: Support CORESET-BFR to be associated with SS other than SS-BFR.
PDSCH mapping Type B
In RAN1 #106, the following agreements on PDSCH mapping Type B were reached.
	Working Assumption
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.
FFS: How above applies for UEs doing soft combining




Currently d1,1 depends on the number of PDSCH symbols, number of PDCCH/PDSCH overlapping symbols and number of symbols for a CORESET, which is defined as follows.
	-	For UE processing capability 1: If the PDSCH is mapping type B as given in clause 7.4.1.1 of [4, TS 38.211], and
-	if the number of PDSCH symbols allocated is L ≥ 7, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is L ≥ 4 and L ≤ 6, then d1,1 = 7- L.
-	if the number of PDSCH symbols allocated is L = 3 then d1,1 = 3 + min (d,1), where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
-	if the number of PDSCH symbols allocated is 2, then d1,1 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
-	For UE processing capability 2: If the PDSCH is mapping type B as given in clause 7.4.1.1 of [4, TS 38.211], 
-	if the number of PDSCH symbols allocated is L ≥ 7, then d1,1 = 0,
-	if the number of PDSCH symbols allocated is L ≥ 3 and L ≤ 6, then d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH,
-	if the number of PDSCH symbols allocated is 2,
-	if the scheduling PDCCH was in a 3-symbol CORESET and the CORESET and the PDSCH had the same starting symbol, then d1,1 = 3,
-	otherwise d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.




For soft-combing based operation, which can be assumed as a PDCCH from a two SSs/CORESETs, d1,1 should be counted based on the total number of symbols for the two linked CORESETs, and additional processing delay d3 should be included for Tproc,1.
Proposal 2-3: For PDSCH mapping TypeB, for soft combining operation, d1,1 should be counted based on the total number of symbols for the two linked CORESETs 
· Additional processing delay d3 should be included for Tproc,1
Overbooking
In RAN1 #106 meeting, the following on overbooking is agreed.
	Agreement 
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select one Alt for each of Case 1 and Case 2 in RAN1 #106-bis-e:
· Case 1: 2 BDs are counted for two linked candidates:
· Alt1: No change (use existing spec)
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-1: The third BD is counted as a virtual SS set (i.e., the virtual SS set for the third BDs is dopped before dropping the linked SS sets).
· Alt1-2: The third BD is counted as part of the SS set with higher ID.
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· FFS: Inter-span PDCCH repetition for r16monitoringcapablity.




It is agreed that for the linked SS set pair, if one of the SS set is dropped, the other should still be monitored and the BD should not be changed. For overbooking, it is better that this can be considered per SS set pair level, so that more SS sets can be reserved when overbooking happens. In addition, a common solution should be used for Case 1 and Case 2. Thus Alt2 should be preferred.
Proposal 2-4: For overbooking, support Alt2 for both cases, which is to consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair
PDCCH buffer management
In RAN1 #106, the following on PDCCH buffer management is agreed.
	Agreement 
Study whether/how to handle UE complexity / memory requirements for linked PDCCH candidates
· The following cases can be considered:
· Case 1: One pair of linked MO’s of one pair of linked SS sets in a given slot with large number of candidates.
· Case 2: Multiple pairs of linked MO’s of one pair of linked SS sets in a given slot, where MO’s of the two SS sets are not interlaced
· Case 3: For two pairs of linked SS sets (e.g. SS sets 1 and 2 are linked, and SS sets 3 and 4 are linked), a MO of any of the SS sets (e.g. SS set 3) is in between two linked MOs of another two SS sets (e.g. SS sets 1 and 2).
· Other cases are not precluded.
· Examples of possible mechanisms to address the issue: Restrictions in the spec, UE capability, limit total number linked candidates in a slot, limit total number of linked candidates / CCEs at any given time (similar to CPU occupation)
· Whether the solution should also depend on AL of linked candidates
· The case of CA can also be considered




The buffer management depends on whether UE can use a common memory to decode different linked candidates with some overlapped CCEs. If this is shared, the buffer can be counted based on the total number of linked CCEs. If this is not shared, the buffer should be counted per linked candidates. With regard to different implementation aspects, to report the maximum buffer size should be avoided, instead, UE can report its capability of maximum number of linked candidates at a given time.
The given time should be counted from the PDCCH candidate that starts earlier until UE clears the buffer used to decode the linked PDCCH candidates, which should be after K symbols after the PDCCH candidate that ends later. It would be better that gNB could follow this UE capability. If it is challenging for gNB implementation, a priority rule can be introduced so that UE can drop some linked SSs.
Proposal 2-5: Support UE reports the capability of maximum number of linked candidates at any given time across CCs
· The given time is counted from the PDCCH candidate that starts earlier until K symbols after the PDCCH candidates that ends later, where K can be reported by UE capability

PUCCH reliability enhancement
Indication of beam and repetition mapping pattern
It has been agreed that gNB can indicate whether to use sequential mapping or cyclic mapping for mTRP PUCCH. One remaining issue is whether such indication should be provided by RRC or DCI. To support dynamic indication can be helpful for gNB to avoid some slots or symbols that are not available for a PUCCH repetition for a certain beam. Thus, it is better to support mapping pattern indication based on DCI.
Proposal 3-1: Support to use DCI to indicate whether the PUCCH repetition should be based on sequential mapping or cyclic mapping, so that gNB scheduling can make sure the two indicated beams can be applied for actual PUCCH transmission.

Collision handling between PUCCH + other UL signals
In current 38.214, when collision between the CSI report happens, the CSI with lower priority should be dropped, which is defined as follows:
	Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two colliding CSI reports, 
-	if y values are different between the two CSI reports, the following rules apply except for the case when one of the y value is 2 and the other y value is 3 (for CSI reports transmitted on PUSCH, as described in Clause 5.2.3; for CSI reports transmitted on PUCCH, as described in Clause 5.2.4): 

-	The CSI report with higher  value shall not be sent by the UE.
-	otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in Clause 9.2.5.2 in [6, TS 38.213].




In addition, it is also defined that the PUCCH with SP/P beam report should not be transmitted when it collides with aperiodic SRS.
	PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s).



However, since mTRP PUCCH can improve the reliability for PUCCH with multiple beams, it is not necessary to drop the whole PUCCH transmission. In addition, since there are multiple repetitions for PUCCH transmission, it is not easy to “predict” that there would be an aperiodic SRS or CSI report in a certain slot. Therefore, only the corresponding PUCCH repetition in the overlapped symbols needs to be dropped. 
Proposal 3-2: When mTRP PUCCH needs to be dropped due to collision handling rule, only the PUCCH repetition in the overlapped symbols should be dropped.

PUSCH reliability enhancement
PT-RS to DMRS association
In RAN1 #104, it was agreed that for rank<2 to indicate the PT-RS to DMRS mapping for repetitions with two beams jointly by a single field. The remaining issue is how to support the indication for rank>2 case. 
In RAN1 #104b, the following agreement on PT-RS to DMRS association was reached.
	Agreement
For single DCI based M-TRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported, down select one of the following options in RAN1 #105-e meeting, 
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs. 
· Option 2 (2 bits): using the existing PTRS-DMRS association field in DCI for the first TRP, and using reserved entries/bits in DM-RS port indication field for the second TRP.
· Option 3 (2 bits): 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.




In general, there can be 3 schemes for PT-RS to DMRS association indication:
· Scheme 1: Full indication, which is like option 1. 4 bits are used and gNB can indicate all possible association.
· Scheme 2: Partial indication, which is like option 3. The gNB can indicate the DMRS ports partially. With option 3, the best case is that gNB can choose the best DMRS port, and the worst case is that gNB can only indicate the 3rd best DMRS port.
· Scheme 3: Partial indication + port cycling, which is an enhancement of option 3. In this case, gNB can always make sure the best DMRS port is used for some repetitions for each beam.
Figure 1 illustrates the simulation results for the schemes above, where the simulation assumption is in Table A-1.
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Figure 1: Simulation results on schemes for PT-RS to DMRS association indication
It can be observed that Scheme 1 can provide the best performance although it requires more DCI overhead. If the DCI overhead is concerned, Scheme 3 can still provide a better performance than Scheme 2. 
In addition, for non-codebook based operation, since the precoder is selected by UE, UE has the information on which layer is the best. Thus, a fixed PT-RS to DMRS port association is sufficient, and UE can allocate the best precoder at the associated DMRS ports.
Proposal 4-1: For PTRS-DMRS port association indication for DG-PUSCH, 
· For codebook based transmission scheme, support Option-1 where 4-bit field is used for PTRS-DMRS port association indication 
· If the DCI overhead is concerned, a modified option 3 with PT-RS port cycling can be considered, which can be as follows:
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports for the even repetition and one of the last two DMRS ports for the odd repetition. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port for the first PT-RS port.
· The second PT-RS port is associated with the first one of the two DMRS ports sharing the same PTRS port for even repetition, and the second one of the two DMRS ports sharing the same PTRS port for odd repetition for odd repetition
· For non-codebook based transmission scheme, support a fixed association where the PT-RS is always associated with the DMRS port with lowest port index among the DMRS ports that share the same PT-RS port
 
PHR report
In RAN1 #106, the following agreement on PHR report was achieved.
	Agreement
For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.




One open issue is PHR report for UE that cannot support 2 PHR report. One simple way is to fallback to use a single actual PHR report calculated based on the first PUSCH repetition, when actual PHR is to be reported.
Proposal 4-2: For PHR enhancement, for UE that does not support 2 PHR report, for actual PHR report, support UE to report a single actual PHR based on the first PUSCH repetition.
CG-PUSCH
For CG-PUSCH, one open issue is PTRS-DMRS association. To achieve diversity gain, the PT-RS cycling can be supported, where for each repetition, different PT-RS port association can be applied. As shown in Figure 2, cyclic PT-RS to DMRS association is applied for PUSCH repetitions with the same beam.
[image: ]
Figure 2: PT-RS to DMRS port cycling

Figure 3 illustrates the link level simulation results for a rank 2 transmission, where the detailed simulation assumption is shown in Table A-2. It can be observed that PT-RS port cycling can provide better performance than fixed association.
[image: ]
Figure 3: link level simulation results for different PT-RS to DMRS association scheme

Proposal 4-3: For CG-PUSCH with multi-beam repetitions, support PT-RS to DMRS port association cycling.
· The associated DMRS port index for a PT-RS port should be selected based on the repetition index
Frequency hopping
In RAN1 #104b, the following options on frequency hopping were agreed for further down-selection.
	Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,  
· Option 1
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 




As network may choose independent decoding for repetitions with the same beam, to achieve diversity gain, it should be supported to perform frequency hopping among the repetitions with the same beam. Option 2 and 3 cannot support frequency hopping for cyclic mapping for scheme 1. If sequency mapping and cyclic mapping is dynamically changed, option 2 or option 3 may be fine, but if it is configured by RRC, most likely cyclic mapping cannot be configured if gNB wants to dynamically enable frequency hopping.
Proposal 4-4: To achieve diversity gain, for multi-TRP PUSCH, support to perform frequency hopping among the repetitions with the same beam.
· For scheme 1, Option 1 should be supported
PUCCH and PUSCH collision handling
In Rel-16, when PUCCH and TypeB PUSCH collide, the UCI is transmitted on the first actual repetition for TypeB PUSCH. With regard to the reliability for UCI transmission, similar to CSI report, it should be supported that the UCI can be transmitted in the first actual PUSCH repetition that meets Z and Z’ requirement (if applicable) corresponding to each beam.
Proposal 4-5: When mTRP PUSCH collides with PUCCH, support that UCI can be transmitted in the first actual PUSCH repetition corresponding to each beam based on the A-CSI report operation in mTRP PUSCH.
Collision handling for SRS+SRS
To support mTRP operation, the number of SRS resource sets for CB and NCB have been increased to be 2. Then it may be possible that collision between two SRS resources for CB/NCB could happen. This issue does not exist in actual deployment in Rel-15, since usually UE only supports 1 SRS for CB, and for NCB, UE can report whether it supports simultaneous transmission of the precoded SRS resources. But for Rel-17 mTRP PUSCH enhancement, UE has to support 2 SRS resource sets for CB. Thus, a collision handling rule would be necessary. One simple way is to transmit the SRS resource with lowest resource ID when collision happens.
Proposal 4-6: When SRS for CB collides with another SRS for CB, UE only transmits the SRS with lowest resource ID.
Proposal 4-7: When SRS for NCB collides with SRS in another resource set for NCB, UE only transmits the SRS with lowest resource set ID.
Gap between aperiodic SRS for NCB and associated CSI-RS
The aperiodic SRS for NCB and associated CSI-RS can be jointly triggered, where the minimal gap between the two signals should be 42 symbols. In Rel-17, 2 SRS resource sets are introduced. If both SRS resource sets are triggered in an overlapped manner in time domain as shown in Figure 4, UE is not able to calculate the precoder for SRS in time, since in the worst case, the UE complexity is doubled. Thus the minimal gap should be 42+d symbols where d indicates the number of overlapped symbols for the two pairs of associated CSI-RS and aperiodic SRS for NCB.
[image: ]
Figure 4: Potential case that leads to higher UE complexity for SRS precoder calculation
Proposal 4-8: For NCB based mTRP PUSCH, the minimal gap between associated CSI-RS and aperiodic SRS for NCB should be 42+d symbols, where d indicates the number of overlapped symbols for the two pairs of associated CSI-RS and aperiodic SRS for NCB.
Clarification of mTRP on UL full power mode 2
In RAN1 #103, the following agreement was achieved, where it is stated that the number of SRS ports should be the same. However, it is unclear whether this means the number of SRS ports for configured SRS resources or indicated SRS resources. For uplink full power mode 2, different number of SRS ports should be supported so that antenna virtualization can be used to achieve full power. Thus, it needs to be clarified that in the agreement in RAN1 #103, the number of SRS ports indicated by the two SRIs should be the same, instead of the number of SRS ports configured for all SRS resources should be the same.
	Agreement
For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of two TPMIs. 
· The same number of layers are applied for both TPMIs if two TPMIs are indicated
· The number of SRS ports between two TRPs should be same.
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)
· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)




Proposal 4-9: For codebook based mTRP PUSCH, with regard to the uplink full power mode 2, the number of SRS ports indicated by the two SRIs should be the same, instead of the number of SRS ports configured for all SRS resources for CB should be the same.
Conclusion
In this contribution, we discussed multi-TRP reliability enhancement. Based on the discussion, the following proposals have been achieved.
PDCCH
Proposal 2-1: For QCL-TypeD collision handling, Alt3 is supported, which is to assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
Proposal 2-2: Support CORESET-BFR to be associated with SS other than SS-BFR.
Proposal 2-3: For PDSCH mapping TypeB, for soft combining operation, d1,1 should be counted based on the total number of symbols for the two linked CORESETs 
· Additional processing delay d3 should be included for Tproc,1
Proposal 2-4: For overbooking, support Alt2 for both cases, which is to consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair
Proposal 2-5: Support UE reports the capability of maximum number of linked candidates at any given time across CCs
· The given time is counted from the PDCCH candidate that starts earlier until K symbols after the PDCCH candidates that ends later, where K can be reported by UE capability

PUCCH
Proposal 3-1: Support to use DCI to indicate whether the PUCCH repetition should be based on sequential mapping or cyclic mapping, so that gNB scheduling can make sure the two indicated beams can be applied for actual PUCCH transmission.
Proposal 3-2: When mTRP PUCCH needs to be dropped due to collision handling rule, only the PUCCH repetition in the overlapped symbols should be dropped.


PUSCH
Proposal 4-1: For PTRS-DMRS port association indication for DG-PUSCH, 
· For codebook based transmission scheme, support Option-1 where 4-bit field is used for PTRS-DMRS port association indication 
· If the DCI overhead is concerned, a modified option 3 with PT-RS port cycling can be considered, which can be as follows:
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports for the even repetition and one of the last two DMRS ports for the odd repetition. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port for the first PT-RS port.
· The second PT-RS port is associated with the first one of the two DMRS ports sharing the same PTRS port for even repetition, and the second one of the two DMRS ports sharing the same PTRS port for odd repetition for odd repetition
· For non-codebook based transmission scheme, support a fixed association where the PT-RS is always associated with the DMRS port with lowest port index among the DMRS ports that share the same PT-RS port
Proposal 4-2: For PHR enhancement, for UE that does not support 2 PHR report, for actual PHR report, support UE to report a single actual PHR based on the first PUSCH repetition.
Proposal 4-3: For CG-PUSCH with multi-beam repetitions, support PT-RS to DMRS port association cycling.
· The associated DMRS port index for a PT-RS port should be selected based on the repetition index
Proposal 4-4: To achieve diversity gain, for multi-TRP PUSCH, support to perform frequency hopping among the repetitions with the same beam.
· For scheme 1, Option 1 should be supported
Proposal 4-5: When mTRP PUSCH collides with PUCCH, support that UCI can be transmitted in the first actual PUSCH repetition corresponding to each beam based on the A-CSI report operation in mTRP PUSCH.
Proposal 4-6: When SRS for CB collides with another SRS for CB, UE only transmits the SRS with lowest resource ID.
Proposal 4-7: When SRS for NCB collides with SRS in another resource set for NCB, UE only transmits the SRS with lowest resource set ID.
Proposal 4-8: For NCB based mTRP PUSCH, the minimal gap between associated CSI-RS and aperiodic SRS for NCB should be 42+d symbols, where d indicates the number of overlapped symbols for the two pairs of associated CSI-RS and aperiodic SRS for NCB.
Proposal 4-9: For codebook based mTRP PUSCH, with regard to the uplink full power mode 2, the number of SRS ports indicated by the two SRIs should be the same, instead of the number of SRS ports configured for all SRS resources for CB should be the same.

Appendix – Simulation Assumption
Table A-1: Link level simulation assumption for PUSCH
	Parameters
	Values

	Channel model
	CDL-B 30ns

	gNB antenna configuration
	(M, N, P) = (1, 2, 2)

	UE antenna configuration
	(M, N, P) = (1, 2, 2)

	UE moving speed
	3 km/h

	# of RBs/symbols
	50 RBs, 12 symbols 

	DMRS pattern
	DM-RS configuration type 2 with 1 front-loaded DMRS and 1 additional DMRS

	# of layers
	4

	Code rates
	MCS 26 based on MCS Table 1

	Frequency hopping
	Without hopping

	Precoder
	Eigen vector based

	PT-RS density
	Every 2 RBs and every symbol

	Number of repetitions
	4

	Receiver assumption
	MMSE

	Pathloss different between 2 TRPs
	0 dB

	blockage
	None



Table A-2: Link level simulation assumption for PUSCH
	Parameters
	Values

	Channel model
	CDL-B 30ns

	gNB antenna configuration
	(M, N, P) = (1, 1, 2)

	UE antenna configuration
	(M, N, P) = (1, 1, 2)

	UE moving speed
	3 km/h

	# of RBs/symbols
	50 RBs, 12 symbols 

	DMRS pattern
	DM-RS configuration type 1 with 1 front-loaded DMRS and 1 additional DMRS

	# of layers
	2

	Code rates
	MCS 26 based on MCS Table 1

	Frequency hopping
	Without hopping

	Precoder
	Fixed precoder

	PT-RS density
	Every 2 RBs and every symbol

	Number of repetitions
	4

	Receiver assumption
	MMSE

	Pathloss different between 2 TRPs
	0 dB

	blockage
	None
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