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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#106-e meeting [1], agreements on PDCCH, PUCCH and PUSCH enhancements based on multi-TRP were achieved. And in this contribution, we provided our views on some remaining issues.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
PDCCH
In RAN1#106-e meeting, following agreements for PDCCH enhancements were achieved:
	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
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



First issue is overbooking for linked PDCCH candidates, as either one candidate has possibility to be decoded, there is no need to consider the linked SS sets together, similar with the case what we agreed that linked candidate not dropped is still monitored.
Proposal 1: For overbooking in Pcell for USS, in case of 2 BDs are counted, support Alt 1 (No change), and in case of 3 BDs are counted, support Alt 1 (Overbooking is per individual SS set as in Rel. 15/16). 
Another issue is configuration of linked PDCCH candidates in one slot, considering both relaxing UE complexity and maintaining flexibility, we think to restrict multiple pairs of linked monitoring occasion not interlaced is a good way to go. And also maximum number of pairs of linked monitoring occasion can be reported as UE capability.
Proposal 2: Regarding UE complexity/memory requirements for linked PDCCH candidates, support to define maximum number of pairs of linked monitoring occasion in a slot as UE capability, and for a UE supporting more than one pairs of linked monitoring occasion in a slot, support Case 2 to relax the complexity (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). 
In addition, UE behavior was agreed 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, and actually this case is to dynamic un-link the PDCCH candidates for scheduling flexibility, for example, the network transmits one DCI in one candidate (non-repetition case), and naturally the other DCI can be transmitted in another candidate (also non-repetition case). So there is no need of another individual candidate is also overlapping with the other linked candidate, which has no further benefit but only complexity.
Proposal 3: UE does not expect both linked PDCCH candidates overlapping with two individual PDCCH candidates (same set of CCEs, DCI size, scrambling, and CORESET). 
PUSCH/PUCCH
In RAN1#106-e meeting, following agreements for PUSCH and PUCCH enhancements were achieve:
	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
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”



One remaining issue is the number of SRS resources in two SRS resource sets, we don’t see the need to restrict the number to be same for two SRS resource sets (i.e. Alt 1), which will extremely limit the flexibility and cause unnecessary resource wasting. Network can configure suitable number of SRS resources based on scheduling requirement and also propagation environment. Note that both Alt 2 and Alt 3 don’t exclude the case that the number of SRS resources configured to be same. While on the contrary, Alt 1 restricts the number of SRS resources to be same all the time, for one example, configuring more SRS resources than needed for a link between UE and one TRP, the UE needs to transmit some useless SRS resources, which is not a good way.
And current framework for DCI indication can easily support the case of different number of SRS resources. We prefer Alt 2 for the flexibility, and if no consensus, we think Alt 3 is the way to go, i.e. (The first SRS resource set always have the smaller, same or larger number of SRS resources than the second SRS resources set).
In addition, in case of multi-TRP transmission, full power should be supported for reliability enhancement. it needs to be clarified that whether full power transmission mode for the two SRS resource sets should be same or not.
Proposal 4: Regarding the number of SRS resources in two SRS resource sets, support Alt 2, and if there is no consensus, Alt 3 is the default selection. And full power transmission mode configuration for the two SRS resource sets should be clarified.
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 overbooking in Pcell for USS, in case of 2 BDs are counted, support Alt 1 (No change), and in case of 3 BDs are counted, support Alt 1 (Overbooking is per individual SS set as in Rel. 15/16). 
Proposal 2: Regarding UE complexity/memory requirements for linked PDCCH candidates, support to define maximum number of pairs of linked monitoring occasion in a slot as UE capability, and for a UE supporting more than one pairs of linked monitoring occasion in a slot, support Case 2 to relax the complexity (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). 
Proposal 3: UE does not expect both linked PDCCH candidates overlapping with two individual PDCCH candidates (same set of CCEs, DCI size, scrambling, and CORESET). 
Proposal 4: Regarding the number of SRS resources in two SRS resource sets, support Alt 2, and if there is no consensus, Alt 3 is the default selection. And full power transmission mode configuration for the two SRS resource sets should be clarified.
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