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1. Introduction
In 3GPP RAN1 #106-e, some agreements on multi-TRP enhancements for PDCCH, PUCCH and PUSCH have been made. In this contribution, we present our views on various aspects on PDCCH, PUCCH and PUSCH enhancements in multi-TRP system.

2. PDCCH reliability enhancements
Discussion on overbooking rule
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.

Overbooking in the Pcell for USS with two linked SS sets in the same slot/span was discussed in RAN1#106-e and two alts are made for each BD count for two linked candidates. When overbooking is done per individual SS set, it is possible that one of PDCCH candidates cannot be monitored. However, it is agreed that UE will monitor one of the linked PDCCH candidates that is not dropped even if another linked PDCCH candidate is dropped due to overlap with some unavailable resources in RAN1#106-e. Therefore, resources can be efficiently utilized for overbooking per individual SS set compared with overbooking on SS set pair and it is more aligned with current design of specification. How to allocate the third BD when 3 BDs are counted shall be determined also. In our opinion, Alt1-2 (i.e. count the third BD as part of the SS set with higher ID) is more straightforward and can be easily implemented at UE.
Proposal 1: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support reusing Rel-15 SS set dropping rules for 2 BDs and allocating the third BD on SS set with higher ID for 3 BDs.

Another issue is related to overbooking rule for inter-span PDCCH repetition. Maximum BD and non-overlapped CCE is defined per span for UE reporting r16monitoringcapability. Therefore, reusing overbooking per individual SS set defined in Rel.15/16 is a straightforward solution for inter-span PDCCH repetition and it minimizes the impact on standardization. Similar as intra-span/slot PDCCH repetition, allocation of the third BD should be determined also. To our understanding, the PDCCH repetitions are transmitted in different span and it is natural to count the third BD on the SS set where linked PDCCH candidate transmitted in the later span. Since overbooking is executed per span, it is possible that linked PDCCH candidate transmitted in former span cannot be monitored due to overbooking. In such case, only 1 BD should be counted on the SS set in the later span because soft combining for the two PDCCH candidate is not possible when 3 BDs are counted for linked PDCCH candidates.
Proposal 2: For overbooking in the PCell of inter-span PDCCH repetition, support overbooking per individual SS set and the following:
	-For 2 BDs, apply Rel.15/16 spec overbooking rule for 2 BDs
	-For 3 BDS, overbooking is performed per individual SS set. The third BD is allocated to the SS set in later span only if no overbooking occurs for the SS set in former span. Otherwise, one BD is allocated for each SS set.

Cases when 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

It is agreed that case 1-3 are applicable where one of the linked candidates is dropped. However, whether linked PDCCH candidate is monitored or not for case 4 and case 6 is not decided yet. From our view, case 4 are applicable since PDCCH candidate cannot be monitored according to QCL-TypeD prioritization rule. For case 6, DCI 2_1 is used to indicated the unavailable resource during the period from last DCI format 2_1 till current DCI 2_1. PDCCH repetition transmitted during the period has been already monitored and it seems there is no reason to drop the already decoded PDCCH candidates. Hence, it is reasonable to preclude case 6 where PDCCH candidate is not monitored.
Proposal 3: Support to monitor the linked candidates when the set of CCEs is overlapped with reserved PRBs and OFDM symbols indicated by DCI 2_1 where UE may assume no transmission intended for the UE.
PDSCH processing time
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

With respect to PDSCH processing time, it is agreed that, at least for UEs doing selective decoding, d1,1 is determined by considering the PDCCH candidate that results in larger d1,1 value. The processing time remains open for UEs doing soft combining. To our understanding, soft-combining is possible with 2 BDs and 3 BDs. If relaxation of processing time for soft combining is supported, then disclosing UE implementation to NW is required. However, decoding assumptions and explicit indication of soft combining has been discussed in several meetings before and we think that we should not go back again. Furthermore, there is case that one candidate is dropped and UE will monitor the remaining candidate and soft combining is not possible even if UE reports detail implementation w.r.t. soft combining. Discussions may be required to enable or disable relaxation of processing time in such case and impact on specification cannot be ignored.
Proposal 4: Do not support 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.
QCL-Type D Prioritization across CORESETs
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

For a UE supporting reception of two different beams, it is necessary to identify two QCL-TypeD properties for multiple overlapping CORESETs. Three alternatives were summarized in RAN1#106-e. In Alt 2 and Alt 3, SS set pair is selected first to support PDCCH repetition transmission from two different beams. However, such rules for determination of QCL-Type D may contradict the overbooking rule in Pcell. For example, if SS set pair (SS1 and SS4) are used for linked PDCCH repetition with overlapping monitoring occasions, the CORESET corresponds to SS1 are selected first according the legacy priority rule in Alt 2 and overbooking happens before monitoring PDCCH candidates in SS4 with Rel.15 dropping rule, there is no meaning to identify the second QCL-Type D for a UE supporting reception with two different beams. Besides, it should be noted that Rel.15 priority order captured in Alt 1 is also included in Alt 2 and Alt 3 for some cases such as multiple SS set pairs and no linked SS sets and etc. Therefore, Alt 1 can result in less spec impact and simultaneous reception of PDCCH repetition can be achieved by proper configuration of SS set ID.
Proposal 5: Support to identify the two QCL-Type D properties based on legacy priority order for a UE supporting reception with two beams at least for Pcell.
Overlapping of one of linked candidates with an individual candidate
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

The issue on individual candidate is monitored or not and counted or not when the individual candidate uses same sets of parameters as one of linked PDCCH candidates has been discussed extensively and an agreement has been reached. However, further discussions may be needed for the case that two individual candidates are overlapping with each of linked PDCCH candidates. Individual PDCCH decoding for two linked PDCCH candidates is supported as one decoding assumption and 2 BDs are counted.  Therefore, based on the agreement of not count individual candidate toward the BD limit, monitoring of two individual candidates is still possible, and this only increases UE processing complexity. However, no soft combining processing shall be expected in such case. For 3 BDs, decoding assumption of two individual decoding and one soft combining for linked PDCCH candidate can be always assumed at UE. Therefore, UE can parse two individual candidates which only requires some extra UE processing complexity. However, if individual candidate can’t be monitored due to the constraint of processing complexity, capability for max number of such overlaps can be reported by UE. 
Proposal 6: 2BD or 3 BDs can be reported for linked PDCCH candidates when two individual candidates are overlapping with each of linked PDCCH candidates and both individual candidates are monitored and only individual decoding for linked PDCCH candidates is expected with 2BDs.
CSS for PDCCH repetition
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.

The SS set for monitoring Type 0/0A/1/2 CSS is configured in PDCCH-ConfigCommon before RRC connected. To support PDCCH repetition for Type 0/0A/1/2, two linked SS sets are required based on the agreed framework for PDCCH repetition. It is hard to configure the linkage of SS set before RRC connection since PDCCH repetition should be configured per UE.
Proposal 7: Do not support PDCCH repetition for Type 0/0A/1/2 CSS.
In the case of PDCCH order transmitted with PDCCH repetition with the usage of triggering CFRA for SpCell, UE needs to uniquely determine the QCL assumption for the following DCI 1_0 with RA-RNTI and corresponding PDSCH. Since PDCCH order is transmitted with PDCCH repetition, then QCL assumption of DCI 1_0 and corresponding PDSCH shall be based on one of the CORESETs. In the discussion of PDSCH scheduled by a DCI in PDCCH candidates linked for repetition and TCI field is not present in DCI, determination of PDSCH beam is based on the CORESET with lower ID. Therefore, we proposed to reuse same mechanism for the determination of DCI 1_0 and corresponding PDSCH scheduled by PDCCH order to triggering CFRA.
Proposal 8: Support to determine QCL assumption of PDCCH scrambled with RA-RNTI and corresponding scheduled PDSCH based on the CORESET with lower ID used for PDCCH order transmitted with PDCCH repetitions triggering CFRA.

Complexity handling related to numbers/location of linked 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

In this section, we discuss issues related to numbers/location of linked candidate with respect to UE buffer complexity. UE needs to buffer the former PDCCH and wait the latter PDCCH to do soft combining. The buffer size shall be considered for UE doing soft combining of PDCCH repetition. As a consequence, required buffer size can be increased along with the increasing of other MOs located between linked MOs. It’s possible to configure multiple pairs of linked MOs in each pair of linked SS sets and single MO pair in each pair of linked SS sets. Therefore, to address buffer size requirement with different configuration of SS sets used for PDCCH repetition, it’s a straightforward and unified solution to not to enable other MOs between linked MO pairs. However, it should be noted that beam will be frequently switched to monitor PDCCH in FR2. Hence the configuration of linked MOs is subject to the UE capability of maximum beam switching.
Proposal 9: To avoid burden on buffer at UE for PDCCH repetition, don’t support to config any other MOs between the pair of MOs in linked SS set.

Applicability of TPC command with PDCCH repetition
It was agreed that the PDCCH candidate ends later in time among the two linked PDCCH candidates is used as a reference for TPC application time window. However, there is a remaining issue related the TPC command should be resolved.
· Group common TPC with PDCCH repetition
In Rel-15, for accumulation mode, only the TPC command in the accumulation window will be accumulated. If repetition is configured for a PDCCH carrying TPC command, e.g. part of the repetitions are within the window and some are out of the window, UE needs to determine whether this TPC command needs to be accumulated. It is preferred that the last PDCCH among PDCCH repetitions is used to determine whether the TPC command is accumulated or not. As shown in Fig.1, the TPC 0 will not be accumulated by UE for PUSCH transmission occasion i.
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Figure 1: TPC command with repetitions within and out of accumulation windows
In Rel-15, for a PUSCH configured by ConfiguredGrantConfig with TPC absolute mode, only the last TPC command KPUSCH(i) symbols before the PUSCH will be applied to the PUSCH. If repetition is configured for a PDCCH carrying TPC command, as the TPC command 1 shown in Fig.5, UE needs to decide which TPC should be regarded as “last TPC command”. If the last PDCCH among PDCCH repetitions is used to determine whether a TPC command is applicable or not, the TPC command 0 in Fig.2 should be applied to the power control of PUSCH transmission occasion i.
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Figure 2: TPC command with repetitions for configured grant PUSCH and absolute mode
Proposal 10: If repetition is configured to the PDCCH carrying group common TPC command, the last PDCCH among PDCCH repetitions is used to determine whether the TPC command is within the TPC application time window or not.

3. PUCCH reliability enhancements
Dynamic indication of number of repetitions
[bookmark: OLE_LINK1]Conclusion
Strive to reuse the specification support for dynamic indication of number of repetitions introduced in the Rel-17 coverage enhancement work item for multi-TRP operation. Decide whether further enhancements for multi-TRP operation are necessary in RAN1#106bis. No further discussion on this topic until RAN1#106bis under agenda item 8.1.

Confirm the following working assumption
Working assumption: 
In Rel-17, for a PUCCH with associated scheduling DCI, support the following for dynamic PUCCH repetition factor indication. 
· Enhance RRC signaling to allow configuration of PUCCH repetition factor per PUCCH resource. Reuse Rel-16 PUCCH resource indication mechanism based on “PUCCH resource indicator” (PRI) field and starting CCE index (when applicable based on Rel-16 spec) of DCI to indicate a PUCCH resource and its associated repetition factor.
· FFS: RRC signaling enhancement details
Agreement 
· for a PUCCH resource, if both a new repetition parameter corresponding to Rel-17 dynamic PUCCH repetition factor indication and the Rel-15/16 nrofSlots are configured, the new repetition parameter overrides nrofSlots. 
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.
Agreement
Dynamic PUCCH repetition factor indication for SR or P/SP-CSI on PUCCH is not supported in Rel-17.


It is agreed that PUCCH repetition factor can be configured per PUCCH resource by RRC and dynamic indication of PUCCH repetition number can be support by the indication of different PUCCH resource in Rel.17 coverage enhancement WI. Some restrictions on PUCCH dynamic repetition are also agreed in Rel.17 coverage enhancement WI. From our view, these conclusions can be directly applied to multi-TRP operation.
Proposal 11: Support to reuse the mechanism for dynamic indication of number of repetitions agreed in Rel-17 coverage enhancement for multi-TRP PUCCH operation.

4. PUSCH reliability enhancements
SRS resource number in two SRS resource sets
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”


In this section, we discuss issues related to the number of SRS resource configured in the two SRS resource sets. 3 options for number of SRS resource were discussed extensively in previous meetings. In alt 2, the first SRS resource set always have the same or larger number of SRS resource than the second SRS resource set, it is obvious that overhead can be saved at the cost of flexibility. However, higher rank is always assumed with a certain panel which is not realistic since UE will move or rotate instead of keeping stable always. Therefore, alt 2 should be precluded first. Comparing with alt 1, it seems that overhead and flexibility can be both guaranteed for Alt 3 at first glance. Anyway, it is noted that the bitwidth of the 1st SRI field is determined based on maximum number of SRS resource among two resource set. This means the overhead for 1st SRI field in DCI is same for the number of SRS resource combination of (1,4) and (4,4) in two resource set. Furthermore, it is clear that same number of SRS resource of two resource set has smaller specification impact in terms of the processing of PUSCH power control.
Proposal 12: Only support to configure the same number of SRS resource in two SRS resource sets with usage set to ‘codebook’ or ‘non-codebook’.

5. Conclusion
Proposal 1: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support reusing Rel-15 SS set dropping rules for 2 BDs and allocating the third BD on SS set with higher ID for 3 BDs.
Proposal 2: For overbooking in the PCell of inter-span PDCCH repetition, support overbooking per individual SS set and the following:
	-For 2 BDs, apply Rel.15/16 spec overbooking rule for 2 BDs
	-For 3 BDS, overbooking is performed per individual SS set. The third BD is allocated to the SS set in later span only if no overbooking occurs for the SS set in former span. Otherwise, one BD is allocated for each SS set.
Proposal 3: Support to monitor the linked candidates when the set of CCEs is overlapped with reserved PRBs and OFDM symbols indicated by DCI 2_1 where UE may assume no transmission intended for the UE.
Proposal 4: Do not support 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.
Proposal 5: Support to identify the two QCL-Type D properties based on legacy priority order for a UE supporting reception with two beams at least for Pcell.
Proposal 6: 2BD or 3 BDs can be reported for linked PDCCH candidates when two individual candidates are overlapping with each of linked PDCCH candidates and both individual candidates are monitored and only individual decoding for linked PDCCH candidates is expected with 2BDs.
Proposal 7: Do not support PDCCH repetition for Type 0/0A/1/2 CSS.
Proposal 8: Support to determine QCL assumption of PDCCH scrambled with RA-RNTI and corresponding scheduled PDSCH based on the CORESET with lower ID used for PDCCH order transmitted with PDCCH repetitions triggering CFRA.
Proposal 9: To avoid burden on buffer at UE for PDCCH repetition, don’t support to config any other MOs between the pair of MOs in linked SS set.
Proposal 10: If repetition is configured to the PDCCH carrying group common TPC command, the last PDCCH among PDCCH repetitions is used to determine whether the TPC command is within the TPC application time window or not.
Proposal 11: Support to reuse the mechanism for dynamic indication of number of repetitions agreed in Rel-17 coverage enhancement for multi-TRP PUCCH operation.
Proposal 12: Only support to configure the same number of SRS resource in two SRS resource sets with usage set to ‘codebook’ or ‘non-codebook’.
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