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1. [bookmark: _Ref4683067] Introduction 
The objective for this agenda item, stated in [1], is given by
Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline. 
In this contribution, we continue the discussion of multi-TRP for PDCCH, PUCCH and PUSCH based on the outcome of the previous RAN1 meetings.

2. Enhancements on Multi-TRP for PDCCH
2.1. Additional restriction for MOs of the linked SS sets
We have reached the following agreements at the RAN1#104-e meeting and the RAN1#106bis-e. Another agreement was made at the last RAN1 meeting as follows.
	Agreement (RAN1#104-e)
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

Agreement (RAN1#106bis-e)
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

For RAN1#107-e:
To handle UE complexity / memory requirements for linked PDCCH candidates, down-select among the following in RAN1 #107-e
· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following
· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time
· Alt1-2: Total number of linked candidates in a slot
· FFS: Whether limit is per CC or across all CCs.
· FFS: Whether limit is per AL or irrespective of AL
· Alt2: Address the issue by adding a restriction such as: For a pair of linked MO’s, UE does not expect to be configured with any other linked MO in between the pair of linked MO’s
· FFS: Whether restriction is per CC or across all CCs.
· FFS: Whether the same restriction applies when one or more individual MO’s are in between the pair of linked MO’s
· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities
· Note: This capability may be needed irrespective of this issue but may address the issue at a coarser granularity.
· Alt4: There is no need to further discuss this issue




For the highlighted part of linking monitoring occasions across two SS sets that exist in the same slot in the first agreement at the RAN1104-e, we have the two cases for the configuration of monitoring occasions as shown in Figure 3. Two monitoring occasions are alternating between two SS sets in case 1. In this case, the UE only requires one soft LLR buffer. In case 2, monitoring occasions of SS set A and monitoring occasions of SS set B are sequential. Then the UE is required to use 4 soft LLR buffers. This will increase the size of soft buffers significantly depending on the configuration of monitoring occasions. In order to prevent the unnecessary increase of the LLR buffers. There shouldn’t be the additional monitoring occasion between a pair of monitoring occasions of the linked SS sets. Also, any other monitoring occasion shouldn’t be overlapped with the pair of monitoring occasions in time.


[bookmark: _GoBack]Figure 1: PDCCH enhancement for single DCI based Multi-TRP for URLLC 

To resolve the above issue, we would like to suggest one restriction as in Alt 2. In addition, Alt 1-1 also can address the issue by introducing UE capability. We think Alt 1-2 cannot resolve the current issue because the total number of linked candidates in a slot is actually the same for both cases in the above example but we still have the same issue for case 2. Therefore, we would like to propose the following.
Proposal 1: For linking monitoring occasions across the two SS sets: support Alt2 as the first preference and Alt 1-1 as the second preference. 

2.2. Ambiguity issue between AL8 and AL16
The following was proposed at the RAN1#106bis-e.  
	For RAN1#107-e:
Study whether/how to resolve ambiguities for interpretation of a detected DCI for the following cases:
· Case a: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· SS set 3 has a AL8 candidate with the same start CCE as the AL16 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case b: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· SS set 3 has a AL16 candidate with the same start CCE as the AL8 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case c1: SS sets 1 and 2 are linked, and SS set 3 and 4 are linked
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· AL16 candidate in SS set 3 is linked with AL16 candidate in SS set 4
· AL8 candidate in SS set 1 has the same start CCE as the AL16 candidate in SS set 3 (associated with a same CORESET with 1-symbol duration)
· Case c2: SS sets 1 and 2 are linked: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2, 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE (in a CORESET with 1-symbol duration)



As identified at the last meeting, we think the ambiguity between AL8 and AL16 is an issue not only for rate matching as in Rel-15, but also for the determination of reference PDCCH candidates. For case a and case b, we can use the same rule to select the candidate to align the understanding between gNB and UE. For example, UE can just assume gNB always use AL16 when one of linked candidates and individual candidate use the same starting CCE as in Rel-15. On the other hand, we can always select the Rel-17 linked candidates for this case. However, we don’t see any valid use case for case c1 and c2. It is better to exclude the cases in order to avoid the ambiguity. Therefore, we would like to suggest the following proposal.
Proposal 2: Strive to make the same rule to resolve the ambiguity for case a and case b. Also,  UE doesn’t expect case c1 and case c2.

2.3. Overbooking
We have made the following agreements for overbooking at RAN1#1106-e and RAN1#106bis-.  
	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
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support:
· Case 1: 2 BDs are counted for two linked candidates:
· No change (use existing spec)



Regarding overbooking rule for the linked SS sets in the same slot or span, we don’t see why we need to introduce new concept like virtual SS set. We can just add one more BD to first or second SS set. Thus, we have the following proposal.
Proposal 3: Support Alt 1-2 (The third BD is counted as part of the SS set with higher ID) for case 2.

2.4. Remaining issues for PDCCH repetition
We have made the following agreement for some remaining issues at the last RAN1 meeting.  
	Agreement
Further study the following issues for PDCCH repetition:
· Issue a: QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD.
· Issue b: For PDCCH repetition of DCI format 1_0 on two linked CSS, in order to determine the value of  for mapping VRB to PRB of a scheduled PDSCH
· Issue c: PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption
· Issue d: With Type-1 HARQ-ACK codebook, and the SPS release PDCCH repetition, to determine the location of the HARQ-ACK bit of the SPS release PDCCH



For issue a, as FL proposed, we can just use the CORESET with lower ID like other cases. For issue b, we can also use the CORESET with lower ID as the reference. For issue c, we don’t think we need to introduce new rule for this case. It would make ambiguity to UE implementation. Lastly, regarding issue d, as FL pointed out, current agreement can handle this issue. We don’t need further agreement. Therefore, we have the follow proposals for each issue.
Proposal 4: For the remaining issues of PDCCH repetition,
· Issue 1: Use the CORESET with lower ID as the reference
· Issue 2: Use the CORESET with lower ID as the reference
· Issue 3: No need to discuss
· Issue 4: No need to discuss

3. Enhancements on Multi-TRP for PUCCH/PUSCH

In the RAN1#106bis-e meeting, we agreed to study whether/how to support simultaneous UL precoder calculation for two SRS resource sets in a CC [2]:
	Agreement
For NCB based mTRP PUSCH repetition, on the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, select one from the below in RAN1 #107-e meeting,
· Alt. 1: If both SRS resource sets are triggered in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets), the UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 + d OFDM symbols, where d indicates the number of overlapped symbols for the two pairs of associated NZP-CSI-RS and aperiodic SRS for NCB.
· FFS: value of d
· Alt. 2: UE is not expected to support overlapping precoding calculation for different associated NZP-CSI-RS within a CC, i.e., the UE is not expected to get triggering for two SRS resource sets in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets).
· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.
· Alt.3: Introduce a UE capability on UE support simultaneous precoding calculation for different associated NZP-CSI-RS within a CC.
· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.
· Alt. 4: There is nothing wrong with the legacy procedures and capability indication to handle this issue. No changes to spec.



Alt. 1 and Alt. 2 are too restrictive as they assume that no UE can fully support simultaneous precoding calculation for different associated CSI-RS resources within a CC. As for Alt. 3 and Alt. 4, it depends on whether Component 4 of FG 2-15b, i.e., “UE can process Y SRS resources associated with CSI-RS resources simultaneously in a CC.”, assumes possible overlapping of the two CSI-RS resources or not. We are fine with Alt. 3 if the issue cannot be addressed by Component 4 of FG 2-15b.
Proposal 5: For non-codebook based multi-TRP PUSCH repetition, support either Alt. 3 or Alt. 4 on the minimal gap between associated CSI-RS and SRS.

In the previous RAN1 meetings, the Rel-17 eIIoT WI has the following agreements on slot based and sub-slot based PUCCH repetition:
	Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed
Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition

Agreement
Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2 also for single TRP operation. 
· The support is subject to independent UE capability indication
Agreement
For sub-slot based PUCCH repetition, the following agreement from Cov. Enh. WI for slot-based PUCCH repetition is adopted also for sub-slot based PUCCH repetition: 
	Agreement
· In Rel-17, reuse the Rel-16 PUCCH repetition factors 2, 4, 8. 
· Do not support PUCCH repetition factor larger than 8 In Rel-17.






The above agreements imply that for both slot based and sub-slot based PUCCH repetition, repetition factors 2, 4, 8 are supported for all PUCCH formats. On the other hand, the FeMIMO WI has the following agreements: 
	Agreement
For M-TRP PUCCH scheme 1,  
· Support PUCCH formats 0 and 2 (in addition to agreed PUCCH formats 1,3,4)
Agreement
For M-TRP PUCCH scheme 1, 
· For PUCCH formats 1/3/4, values for the total number of repetitions at least contain values 2, 4, and 8.  
· FFS: maximum repetition number can be extended to 16.
· For PUCCH formats 0/2, the total number of repetitions at least contain 2.  
· FFS: other values.
· RRC configured number of slots (repetitions) are applied across both TRPs (e.g if the number of repetitions given by nrofSlots in PUCCH-config is 8, per TRP limit is 4). 

Agreement 
Confirm the working assumption with removing brackets on [consecutive] and adding UE capability.
· For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats.
· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
· Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT
· Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.
· This feature is optional. 



From the perspective of specification, M-TRP PUCCH repetition is an additional feature added on top of (S-TRP) PUCCH repetition. In addition, we cannot find any technical reason to restrict the number of repetitions for M-TRP PUCCH repetition. Therefore, we prefer to align the design of number of repetitions with the Rel-17 Coverage Enhancement WI and the Rel-17 eIIoT WI, including the UE capability design:
Proposal 6: For M-TRP PUCCH scheme 1, the total number of repetitions 4, 8 are supported for PUCCH formats 0/2, in addition to 2.
· Support of M-TRP PUCCH scheme 1 for PUCCH formats 0/2 is subject to independent UE capability indication
Proposal 7: For M-TRP PUCCH scheme 3, the total number of repetitions 4, 8 are supported for all PUCCH formats, in addition to 2.

4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:
Proposal 1: For linking monitoring occasions across the two SS sets: support Alt2 as the first preference and Alt 1-1 as the second preference. 
Proposal 2: Strive to make the same rule to resolve the ambiguity for case a and case b. Also,  UE doesn’t expect case c1 and case c2.
Proposal 3: Support Alt 1-2 (The third BD is counted as part of the SS set with higher ID) for case 2.
Proposal 4: For the remaining issues of PDCCH repetition,
· Issue 1: Use the CORESET with lower ID as the reference
· Issue 2: Use the CORESET with lower ID as the reference
· Issue 3: No need to discuss
· Issue 4: No need to discuss
Proposal 5: For non-codebook based multi-TRP PUSCH repetition, support either Alt. 3 or Alt. 4 on the minimal gap between associated CSI-RS and SRS.
Proposal 6: For M-TRP PUCCH scheme 1, the total number of repetitions 4, 8 are supported for PUCCH formats 0/2, in addition to 2.
· Support of M-TRP PUCCH scheme 1 for PUCCH formats 0/2 is subject to independent UE capability indication
Proposal 7: For M-TRP PUCCH scheme 3, the total number of repetitions 4, 8 are supported for all PUCCH formats, in addition to 2.
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