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Introduction
This contribution provides our views on the topic involving PDCCH enhancement, PUCCH enhancement, and PUSCH enhancement for multi-TRP case. 

Discussion
PDCCH enhancement
· One of the linked candidates is dropped
	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



From our understanding, DCI format 2_1 aims only for PDSCH interruption, and brings no impact to PDCCH. Thus, Case 6 does not exist. Although Case 4 also tangles with some other discussions, e.g., receiving CORESETs with two beams, it is relatively clear and should be considered.
Proposal 1: Support Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
Proposal 2: Do not support Case 6.

· UE complexity / memory requirements for linked PDCCH candidates
	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



Different aggregation levels of paired linked candidate have different UE complexity. For instance, the decoding complexity of a pair of AL4 repetition candidate is much less than AL16 pair. Therefore, per-AL limitations on number of candidates is favorable as shown below.
· AL1: maximum number of paired candidate-AL1
· AL2: maximum number of paired candidate-AL2
· AL4: maximum number of paired candidate-AL4
· AL8: maximum number of paired candidate-AL8
· AL16: maximum number of paired candidate-AL16
For Case2 and Case3, they both focus on memory requirement. From our perspective, two parameters X and Y are sufficient, where X stands for maximum number of paired MO within one slot and Y stands for the maximum number of MOs within another paired MOs.
The above discussions only works for no-CA case. We suggest postponing the study of CA case until stabilizing the non-CA case. 
Proposal 3: Support introducing per-AL limitations on number of candidates in a slot.
Proposal 4: Support introducing two parameters X and Y.
· X: maximum number of paired MO within one slot
· Y: maximum number of MOs within another paired MOs

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

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.


Currently, only PDCCH for purpose of beam failure recovery is precluded for repetition. Besides, Type3 CSS also support repetition and still open for other types of CSS PDCCH. We are fined to introduce PDCCH repetition for Type0/0A/1/2 CSS for its benefit.
Regarding the CFRA case, PDCCH repetitions applies for PDCCH order and/or DCI format 1_0 with RA-RNTI. Therefore, we list two possible scenarios below

	

	



                                   Case-1                                                                        Case-2
Fig. 1 PDCCH repetition for CFRA
For Case-1, PDCCH repetition only applies for PDCCH order. We can simply determine the beam of DCI format 1_0 with RA-RNTI same as the candidate of PDCCH order starting earlier.
For Case-2, PDCCH repetition applies for both PDCCH order and DCI format 1_0 with RA-RNTI. Similar to Case-1, the beam of DCI format 1_0 with RA-RNTI starting earlier use the beam of PDCCH order candidate starting earlier and the beam of DCI format 1_0 with RA-RNTI starting later use the beam of PDCCH order candidate starting later.
Proposal 5: Support PDCCH repetitions for Type0/0A/1/2 CSS.

· Determining two different beams for PDCCH repetitions 
	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



Alt.1 fully utilizes legacy rules, which seems to be the simplest solution. Besides, Alt.2 attempt to prioritize the linked SS over unlinked SS for choosing the second QCL-TypeD property. Alt.3 defines a novel way of determining the priority of linked SS. We think the linked SS should definitely be treated differently. From that sense, both Alt.2 and Alt.3 can work. We slightly prefer Alt.2.
Proposal 6: Support Alt.2: 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)
o	In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
o	FFS: The case of no such SS set pair

· Definition of d1,1
	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



Basically, we are fine to confirm the working assumption above. For UEs doing soft combing, clearly more decoding time is needed. Thus, we think d1,1 can be determined by considering the number of overlapping symbols from both PDCCH candidates.
Proposal 7: Confirm the 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
Proposal 8: For UEs doing soft combing, d1,1 is determined by considering the number of overlapping symbols from both PDCCH candidates.

· BD counter
	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 dropped 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.



From overbooking view, the SS set pair should better dropped or kept together. If individually dropped/kept, the remaining PDCCH candidate may not be decoded correctly. Therefore, we incline to support Alt.2 for both cases.
Proposal 9: Support Alt.2 for both cases.

· Linkage of two SS sets
	Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set



It has been agreed that the two linked SS sets can be configured via RRC signaling. In Rel-15/16, PDCCH monitoring behavior is only based on SS sets configured by RRC signaling. In Rel-17, we also think the PDCCH repetition behavior can only resort to RRC signaling, and there is no strong need of introducing any operation of activation/deactivation by MAC CE.
Proposal 10: For PDCCH repetition, not support MAC-CE for linking two SS sets.
PUSCH enhancement
· PT-RS and DMRS association
	Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 
· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
· FFS: the indication of PTRS-DMRS association for maxRank > 2.


In Rel-16, PT-RS port is associated with the strongest layer indicated by PTRS-DMRS association field in DCI. For multi-TRP operation, the strongest layer of PUSCH is always different in different links. In the last meeting, it has agreed that the MSB and LSB are used for indicating the association between PTRS port and DMRS port for multi-TRP separately when the maxRank=2. For maxRank>2, we prefer to indicate two associations without any DCI overhead increasing. In details, we prefer to use a single PTRS-DMRS association field in DCI, which can indicate two PTRS-DMRS associations respectively. Then a new MAC-CE could be considered. 
Proposal 11：For single-DCI based PUSCH with maxRank>2, a new MAC CE can be considered  for the enhancement on PTRS-DMRS association.

· Number of SRS resources for CB and NCB based m-TRP PUSCH repetition
	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”


From our view, the motivation of allowing different number of SRS resources is not clear. Thus, we support Alt.1.
Proposal 12: Support Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition.
PUCCH enhancement 
· Beam mapping:
A remaining issue is how to handle the beam mapping if PUCCH/PUSCH is dropped due to invalid UL symbols. Note that dynamic SFI should be considered since PUCCH/PUSCH transmission would be affected by dynamic SFI, especially for CG PUSCH. If a dynamic SFI is configured, but it is miss detected by a UE, the UE would not change the remaining transmit beam pattern, but gNB would receive UL transmission according to a new beam pattern considering the dynamic SFI indication. Misunderstanding between gNB and UE will cause as a result.  Considering this, we think that the beam mapping pattern should not consider PUCCH/PUSCH dropping due to invalid UL symbols as a unified solution. 
Proposal 13: Beam mapping pattern should not consider PUCCH/PUSCH dropping due to invalid UL symbols.

Conclusion 
In this contribution, we provide our opinions on further enhancements on multi-TRP/panel transmission. Based on the discussions, we have the following proposals:
Proposal 1: Support Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
Proposal 2: Do not support Case 6.
[bookmark: _GoBack]Proposal 3: Support introducing per-AL limitations on number of candidates in a slot.
Proposal 4: Support introducing two parameters X and Y.
· X: maximum number of paired MO within one slot
· Y: maximum number of MOs within another paired MOs
Proposal 5: Support PDCCH repetitions for Type0/0A/1/2 CSS.
Proposal 6: Support Alt.2: 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)
o	In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
o	FFS: The case of no such SS set pair
Proposal 7: Confirm the 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
Proposal 8: For UEs doing soft combing, d1,1 is determined by considering the number of overlapping symbols from both PDCCH candidates.
Proposal 9: Support Alt.2 for both cases.
Proposal 10: For PDCCH repetition, not support MAC-CE for linking two SS sets.
Proposal 11：For single-DCI based PUSCH with maxRank>2, a new MAC CE can be considered for the enhancement on PTRS-DMRS association.
Proposal 12: Support Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition.
Proposal 13: Beam mapping pattern should not consider PUCCH/PUSCH dropping due to invalid UL symbols.
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