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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#104b-e and RAN1#105-e meetings [1][2], agreements on PDCCH, PUCCH and PUSCH enhancements based on multi-TRP were achieved. And in this contribution, we provided our views on remaining issues for PDCCH, PUCCH and PUSCH enhancements.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
PDCCH
In RAN1#104b-e meeting, agreements for PDCCH enhancements were achieved as:
	Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied, and option 2 is supported
· Option 2: The one with the lowest SS set ID is applied.
· FFS: Support of Option 2 does not mean PDCCH repetition based on two linked search space set within one CORESET is supported
Agreement
For PDSCH rate matching around the scheduling DCI in the case of PDCCH repetition, the previous agreement for FR1 also applies to FR2.
Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support
· UE reports one [or more] number(s) as required number of BDs for the two PDCCH candidates
· Candidate values: 2, 3.
· FFS: Default behaviour
· FFS: Whether one of the candidate values imply that UE supports soft combining
· FFS: Whether additional candidate values are supported (e.g. non-integer numbers)
· FFS: RRC configuration based on reported UE capability
Agreement
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition
· For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV (when UE is configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving the PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0), a reference candidate is used. Select one among the following:
· Alt1: The candidate that starts later in time
· Alt3: The candidate that starts earlier in time
· FFS: How to define d1,1 for PDSCH processing time in this case
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, 
· Working assumption: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
· If the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL if applicable, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs 
· FFS: Whether additional options are needed (e.g. to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI) 
Agreement
For a UE supporting reception with two different beams, support identifying two QCL-TypeD properties for multiple overlapping CORESETs
· FFS: How to enhance existing QCL-TypeD priority rules for overlapping CORESETs
· Note: The primary goal of this enhancement for the purpose of this sub-AI is to support time-overlapping PDCCH repetitions in FR2.
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, for the purpose of BD counting and interpretation of a detected DCI, select one option among the following in RAN1#105-e:
· Option 1: The individual candidate is not counted for monitoring 
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· Option 2: The candidate in a higher SS set ID is not counted for monitoring
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· FFS: Whether a max limit on number of such overlaps is needed.
Additional specification support may be introduced for the purpose of resolving ambiguity (if any) for interpretation of the detected DCI. For example,
· Distinguished by different RNTIs defined for the linked candidate versus the individual candidate
· Distinguished by aggregation level restrictions that can be expected by the UE in the case of overlap
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), select one option from Options 1 and 2 in RAN1#105-e:
· 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)
· Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)
· FFS: Which of 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
· Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· Case 5: Overbooking results in one of the linked candidates not being monitored
· 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
· FFS: Whether there is an impact to BD count 



The framework of non-SFN based multi-TRP PDCCH reliability enhancements has been achieved, while there are some remaining issues to be further decided.
Regarding PDSCH with mapping Type B, the reference PDCCH candidate needs to be selected to determine the reference symbol for SLIV. To improve the flexibility and resource utilization, we support Alt 3:
Proposal 1: For PDSCH with mapping Type B, support Alt 3 (The candidate that starts earlier in time). 
Options on BD counting and interpretation of a detected DCI when one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate were listed in RAN1#104b-e, option 1 (individual candidate not countered for monitoring) is preferred, as it’s natural that linked PDCCH candidates for repetition have higher priority, and any one of the linked PDCCH candidates is not counted for monitoring will reduce the benefit for repetition. So we propose:
Proposal 2: Option 1 (The individual candidate is not counted for monitoring) should be supported when one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate. 
Another issue is that when one of the linked candidates is not monitored, whether the other one needs to be monitored or dropped. This issue has relationship with the issue on BD counting, based on the discussion, we think the other candidate should be monitored, otherwise both the two linked candidates are not needed to be counted for monitoring. 
Proposal 3: 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)) should be supported when one of the linked PDCCH candidates is not monitored. 
In Rel-17, new features are introduced for MIMO enhancements, for example, unified TCI framework in 8.1.1 and TRP-specific BFR in 8.1.2.3, and we think the features discussed in different agenda items should be jointly considered.
Regarding the dynamic beam indication in unified TCI framework, as the DCI payloads in the repeated two PDCCH candidates are same, then how to handle the indicated TCI state(s) needs further discussion.
[bookmark: _GoBack]And jointly considering the TRP-specific BFR procedure as discussed in agenda item 8.1.2.3, there may be impact on the UE behavior if one TRP failed. The UE behavior should be clarified, for example, whether the linked two PDCCH candidates fall back to single TRP transmission without linkage or just be dropped.  
Proposal 4: PDCCH repetition should be jointly considered with other features, for example, in case of dynamic beam indication with unified TCI framework in agenda item 8.1.1, and the UE behavior in case of TRP-specific BFR in agenda item 8.1.2.3.
Furthermore, it was discussed for several meetings on whether to support inter-slot PDCCH repetition, based on the discussion, inter-slot repetition can be supported based on current framework, and to improve the flexibility, we think it should be supported. 
Proposal 5: Support inter-slot PDCCH repetition.
PUSCH/PUCCH
In RAN1#104b-e and 105-e meeting, agreements for PUSCH and PUCCH enhancements were achieved as:
	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'.

	Agreement
Confirm the Working Assumption (with supporting two bits for the new field). 
· For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition, 
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation. 
· The new field is 2 bits
Agreement
For the new field in the DCI for dynamic switching, support Alt.1 (modified).
Alt.1
· Support 2 bits with the following combinations. 
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

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


· The SRS resource set with lower ID is the first SRS resource set, and the other SRS resource set is the second SRS resource set. 
· For codebook and non-codebook usage, respectively
· The same number of SRS resource shall be configured in the two SRS resource sets.



It has been agreed to support CG PUSCH transmission towards M-TRPs using a single CG configuration. And the same beam mapping principals as dynamic grant PUSCH repetition scheme can be used. For RV mapping of type 1 or type 2 CG based multi-TRP PUSCH repetition, similar method as dynamic grant multi-TRP PUSCH repetition can be supported too, i.e., the configured RV sequence is applied separately for PUSCH repetitions corresponding to the first TRP and the second TRP with an RV offset for the starting RV corresponding to the second TRP.
Proposal 6: For RV mapping of CG based multi-TRP PUSCH repetition, support that the configured RV sequence is applied separately for PUSCH repetitions corresponding to the first TRP and the second TRP with an RV offset for the starting RV corresponding to the second TRP. 
Meanwhile, current spec limits the initial transmission start only at the first transmission occasion of the K repetitions with startingFromRV0 set to 'off'. Otherwise, the initial transmission of a transport block may start at any of the transmission occasions of the K repetitions that are associated with RV=0. If the configured RV sequence is {0,2,3,1}, still, initial transmission can start only at the first transmission occasion. 
In MTRP scenario, to reduce the latency, initial transmission can start also from the first transmission occasion and/or any transmission occasions associated with RV=0 for the second TRP. Compared to current spec, UE could have more chances to start PUSCH repetition. UE could also be provided with a higher layer signaling startingFromTRP2 to enable this mode.
In addition, if initial transmission start at PUSCH occasion associated with the second TRP, then PUSCH transmission to the first TRP may be omitted to save UE power, for example, in the case with non-ideal backhaul in FR2, where self-decodable RV0 is not transmitted to the first TRP.
Proposal 7: For CG based multi-TRP PUSCH repetition, support that initial transmission can start also from the first transmission occasion and/or any transmission occasions associated with RV=0 for the second TRP.
It was agreed that a new DCI field with 2 bits to indicate dynamic switching between single-TRP and multi-TRP transmission. And it was agreed no restriction on same number of SRS resources in the two SRS resource sets for flexibility consideration. While based on current agreements, there may be some issues.
One issue is listed as FFS on the SRI/TPMI field association with SRS resource sets in case of multi-TRP transmission, as the size of SRI/TPMI field may change with different order of TRP. 
	11
	m-TRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: FFS
2nd SRI/TPMI field: FFS
	Both 1st and 2nd SRI/TPMI fields


While we think the issue also exists in case of single-TRP transmission mode (e.g. codepoint 00/01 in the new DCI field). As it was agreed the first SRI/TPMI field is used (the second field is unused), and for transmission with TRP1, the first SRS resource set is used, and transmission with TRP2, the second SRS resource set is used. While if the number of SRS resources in two resource sets are different, the number of bits needed for the SRI/TPMI field may be different for different SRS resource sets, then how to design or interpret the first SRI/TPMI field needs to be determined.
For example, in case of codebook based transmission, if the first SRS resource set includes one SRS resource (0 bit needed for SRI field), and the second SRS resource set includes two SRS resources (1 bit needed for SRI field), then it should be clarified how many bits are designed for the first SRI field, example as shown in Table. 1. For example, the size of the first SRI field depends on the associated SRS resource set. Or the size of the first SRI field depends on the maximum number of SRS resources in the two SRS resource sets. 
Table. 1. Number of bits for the first SRI field
	First SRS resource set
	Second SRS resource set
	First SRI field

	SRS resource in the first set
	First SRS resource in the second set
	How many bits, and how to interpret the SRS resources in two SRS resource sets?

	N/A
	Second SRS resource in the second set
	


We think to design the first SRI field based on the maximum number of SRS resources can solve the issue without big effort.
Proposal 8: The size of the first SRI field depends on the maximum number of SRS resources in the two SRS resource sets.
And regarding the dynamic order of multi-TRP transmission, in fact the association is between the PUSCH transmission and the applied SRS resource set, for example, if the first PUSCH transmission is associated with the first SRS resource set, then the order will be TRP1, TRP2, and if the first PUSCH transmission is associated with the second SRS resource set, then the order will be TRP2, TRP1. Based on this, the number of bits for two SRI/TPMI fields can be fixed, as shown in Table. 2.
Table. 2. The new field for single-TRP/multi-TRP indication
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields
And the first PUSCH transmission is associated with the first SRS resource set

	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
And the first PUSCH transmission is associated with the second SRS resource set


Proposal 9: Regarding the dynamic order of two TRPs, for codepoint 10, the first PUSCH transmission is associated with the first SRS resource set, and for codepoint 11, the first PUSCH transmission is associated with the second SRS resource set.
3 Conclusion
In this contribution, we provided our views on enhancements for PDCCH, PUSCH and PUCCH based on multi-TRP transmission, and we proposed that:
Proposal 1: For PDSCH with mapping Type B, support Alt 3 (The candidate that starts earlier in time). 
Proposal 2: Option 1 (The individual candidate is not counted for monitoring) should be supported when one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate. 
Proposal 3: 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)) should be supported when one of the linked PDCCH candidates is not monitored. 
Proposal 4: PDCCH repetition should be jointly considered with other features, for example, in case of dynamic beam indication with unified TCI framework in agenda item 8.1.1, and the UE behavior in case of TRP-specific BFR in agenda item 8.1.2.3.
Proposal 5: Support inter-slot PDCCH repetition.
Proposal 6: For RV mapping of CG based multi-TRP PUSCH repetition, support that the configured RV sequence is applied separately for PUSCH repetitions corresponding to the first TRP and the second TRP with an RV offset for the starting RV corresponding to the second TRP. 
Proposal 7: For CG based multi-TRP PUSCH repetition, support that initial transmission can start also from the first transmission occasion and/or any transmission occasions associated with RV=0 for the second TRP.
Proposal 8: The size of the first SRI field depends on the maximum number of SRS resources in the two SRS resource sets.
Proposal 9: Regarding the dynamic order of two TRPs, for codepoint 10, the first PUSCH transmission is associated with the first SRS resource set, and for codepoint 11, the first PUSCH transmission is associated with the second SRS resource set.
4 [bookmark: _Ref344215723]References
[1] Chairman’s notes, RAN1#105-e, May 10th – 27th, 2021.
[2] [bookmark: OLE_LINK17][bookmark: OLE_LINK18]Chairman’s notes, RAN1#104b-e, April 12th – April 20th, 2021.
6

