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1. Introduction
In 3GPP RAN1 #107-e, some issues are left for PDCCH. In this contribution, we present our views on various aspects on PDCCH, PUCCH and PUSCH enhancements in multi-TRP system.

2. PDCCH reliability enhancements
Ambiguity for PUCCH resource determination
Agreement
To address the ambiguity issue between AL8 and AL16 candidates in the presence of PDCCH repetition:
· For two linked AL8 PDCCH candidates in a first and second SS sets and two linked AL16 candidates in a third and fourth SS sets, UE expects different starting CCEs in a CORESET for any of the linked AL8 candidates and any of the linked AL16 candidates if the CORESET spans one OFDM symbol (i.e., Case c1 is not expected by UE) and is non-interleaved
· If two PDCCH candidates with AL8 and AL16 have the same start CCE in a non-interleaved CORESET with one OFDM symbol: 
· When at least one of the AL8 or AL16 candidates is linked with other PDCCH candidate, and UE receives a DCI on any of the AL8 or AL16 candidates, a scheduled PDSCH by the DCI is rate matched around the AL16 candidate and any PDCCH candidate linked with any of the AL8 or AL16 candidates (i.e., rate matching in Cases a, b and c2 is around the union of candidates)
· When one of the AL8 candidate or the AL16 candidate is linked to another PDCCH candidate for PDCCH repetition (i.e., Cases a or b), interpretation of a detected DCI via any of the first or second PDCCH candidates is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· FFS (to be resolved in this meeting): Whether/how to resolve potentially ambiguity for PUCCH resource determination for Case c2

Ambiguity issue between AL8 and AL16 has been disclosed and 3 cases are discussed. In case c2, how to resolve potentially ambiguity for PUCCH resource determination for case c2 is not determined when one of the linked AL 8 candidates and one of the linked AL 16 candidates have different start CCE in SS set with lower ID. It was agreed that PDCCH candidates with lowest SS set ID is applied for PUCCH resource determination. However, it cannot be distinguished which PDCCH is transmitted in case c2. From our view, it can be resolved by the PDCCH with the lowest starting CCE is applied in such case.
Proposal 1: Support to select PDCCH with the lowest starting CCE as a reference PDCCH for PUCCH resource determination for Case c2

UE complexity/memory requirements for linked PDCCH candidates
Agreement
To handle UE complexity / memory requirements for linked PDCCH candidates, address the issue by UE capability, where UE indicates a limit (X) associated with the total number of linked candidates of which the first candidate is received and the second one has not been received at any given span. 
· The limit X is indicated as a total count assuming count 1 for AL=1; 2 for AL=2; 4 for AL=4 or 8 or 16. 
· The limit X is indicated per CC and also across all CCs
· Note: “received” and “not been received” is wrt the end of the corresponding span of PDCCH candidate.
· Above is applicable at least for the inter-span case (FFS: intra-span case)

It was agreed for UE to indicate a limit on total count that the first candidate is received and the second one has not been received at any given span to handle UE complexity/memory requirements for linked PDCCH candidates. How to resolve UE complexity for intra-span case is not determined yet. Since maximum BD number and CCE count are specified for overbooking in Pcell no overbooking is expected in Scell which limits the total number of PDCCH candidate. Therefore, no additional rules are required to handle UE complexity/memory requirements for linked PDCCH candidate in intra-span case.
Proposal 2: Prefer to not introduce any rules to handle UE complexity/memory requirements for linked PDCCH candidates in intra-span case.

3. PUCCH reliability enhancements
PUCCH frequency hopping
[bookmark: OLE_LINK1]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). 


If sequential mapping pattern is applied, there is no difference among the three options for frequency hopping. The difference of the three options is the frequency hopping pattern when cyclical mapping pattern is enabled. Anyway, compared with slot-level frequency hopping (i.e., option 3) no clear benefits are observed for cyclical mapping with frequency hopping performed among the repetitions with the same beam. Therefore, keeping Rel-15 design with no spec impact for frequency hopping is more preferred.
Proposal 3: Support Option 3. Frequency hopping is performed on slot level for PUCCH Scheme 1 as in Rel-15.

4. PUSCH reliability enhancements
Reset of close loop index for PUSCH
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
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.

In RAN1#106-e, it was agreed that two PC parameter sets can be configured to be associated with different TRPs for case of no SRI field in DCI. In current 38.213, if no SRI is indicated, close loop adjustment state l=0 will always be reset if open loop power control parameters are reconfigured by RRC. With l=0 and l=1 associated with different TRP, the reset of close loop adjustment should be performed per TRP. That is, when the open loop power control parameters in the first PC set is reconfigured, close loop adjustment state l=0 will be reset; when the open loop power control parameters in the second PC set is reconfigured, close loop adjustment state l=1 will be reset. Similar conclusion can be applied to CG based PUSCH.
Proposal 4: When twoPUSCH-PC-AdjustmentStates is configured and one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), if the first P0-PUSCH-AlphaSet in P0-AlphaSet is reconfigured, closed-loop adjustment state with index l = 0 should be reset; if the PC parameters in the second P0-PUSCH-AlphaSet in P0-AlphaSet is reconfigured, closed-loop adjustment state with index l = 0 should be reset.
Proposal 5: When twoPUSCH-PC-AdjustmentStates is configured and 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 , if the first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ is reconfigured, closed-loop adjustment state with the first  (legacy) ‘powerControlLoopToUse’ should be reset; if the second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ is reconfigured, closed-loop adjustment state with the second (new) ‘powerControlLoopToUse’ should be reset.
We provide a corresponding text proposal as below:
· [bookmark: _Ref500774487][bookmark: _Toc12021446][bookmark: _Toc20311558][bookmark: _Toc26719383][bookmark: _Toc29894814][bookmark: _Toc29899113][bookmark: _Toc29899531][bookmark: _Toc29917268][bookmark: _Toc36498142][bookmark: _Toc45699168][bookmark: _Toc92093809][bookmark: _Ref497117847]7.1.1	UE behaviour
If a UE transmits a PUSCH on active UL BWP  of carrier  of serving cell  using parameter set configuration with index  and PUSCH power control adjustment state with index , the UE determines the PUSCH transmission power  in PUSCH transmission occasion  as
[image: ] [dBm]
where,
(omitted part)

-	A UE resets accumulation of a PUSCH power control adjustment state  for active UL BWP  of carrier  of serving cell  to 
-	If a configuration for a corresponding  value is provided by higher layers
-	If a configuration for a corresponding  value is provided by higher layers
where  is determined from the value of  as 
-	If  and the UE is provided higher SRI-PUSCH-PowerControl,  is the sri-PUSCH-ClosedLoopIndex value(s) configured in any SRI-PUSCH-PowerControl with the sri-P0-PUSCH-AlphaSetId value corresponding to  
-	If  and the UE is not provided SRI-PUSCH-PowerControl or ,  if  value or   value is from second P0-PUSCH-AlphaSet in p0-AlphaSets, otherwise
-	If ,  is provided by the value of powerControlLoopToUse if   or   is provided by p0-PUSCH-Alpha in ConfiguredGrantConfig, while  is provided by the value of powerControlLoopToUse2 if   or   is provided by p0-PUSCH-Alpha2 in ConfiguredGrantConfig.


5. Conclusion
Proposal 1: Support to select PDCCH with the lowest starting CCE as a reference PDCCH for PUCCH resource determination for Case c2
Proposal 2: Prefer to not introduce any rules to handle UE complexity/memory requirements for linked PDCCH candidates in intra-span case.
Proposal 3: Support Option 3. Frequency hopping is performed on slot level for PUCCH Scheme 1 as in Rel-15.
Proposal 4: When twoPUSCH-PC-AdjustmentStates is configured and one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), if the first P0-PUSCH-AlphaSet in P0-AlphaSet is reconfigured, closed-loop adjustment state with index l = 0 should be reset; if the PC parameters in the second P0-PUSCH-AlphaSet in P0-AlphaSet is reconfigured, closed-loop adjustment state with index l = 0 should be reset.
Proposal 5: When twoPUSCH-PC-AdjustmentStates is configured and 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 , if the first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ is reconfigured, closed-loop adjustment state with the first  (legacy) ‘powerControlLoopToUse’ should be reset; if the second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ is reconfigured, closed-loop adjustment state with the second (new) ‘powerControlLoopToUse’ should be reset.
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