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In 3GPP RAN Meeting #86, a new work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO, see RP-193133) was approved. Among the multiple objectives in the WI, the following is concerned with multi-TRP/panel for non-PDSCH enhancements:
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. 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 3GPP RAN1 meetings, a set of agreements on multi-TRP/panel for non-PDSCH enhancements were achieved. In this contribution, further discussions on these enhancements are provided. 

PDCCH enhancement
In past 3GPP RAN1 meetings, a set of agreements concerning PDCCH enhancements were achieved, and some key ones are captured as follows:
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 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:
· Confirm the WA: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI. 
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
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
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
· [bookmark: _Hlk83632490]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

[bookmark: _Hlk61436186]As discussed in the last meeting, it is possible that 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. Then for the detected DCI, how to perform the BD counting and interpretation of the DCI were discussed. For example, is the BD counted as for the linked PDCCH candidates or the individual candidate? Is this DCI interpreted as one of the linked PDCCH candidates or the individual candidate? In the last meeting, it was decided that the DCI is interpreted based on Rel-17 PDCCH repetition rules (w.r.t. reference PDCCH candidate), and the individual candidate is not counted but may still or may not be monitored depending on UE capability. 
A follow-up question is when the UE is capable of monitoring the individual candidate, how to deal with the scenario where the other linked candidate is also “overlapping” (same CORESET, DCI size, CCEs, scrambling) with a second individual candidate. There could be a few options:
· The UE follows exactly the same procedure / behavior for the first individual candidate. That is, the UE will monitor both individual candidates and the individual candidates are not counted towards the BD limit as their monitoring can already be counted in the monitoring of the linked candidates. The detected DCIs are based on Rel-17 PDCCH repetition rules. However, based on the outcome of the detections, the UE might see the DCIs are indeed linked or realize that they are not linked. That is, when the decoded DCIs are the same, the UE knows that they are linked. But when the decoded DCIs are different, there are several possible cases:
· DCI 1 is one of the linked DCIs, and DCI 2 is the individual DCI; OR
· DCI 1 is the individual DCI, and DCI 2 is one of the linked DCIs; OR
· DCI 1 is an individual DCI, and DCI 2 is also an individual DCI.
Clearly, the situation is a bit complicated for the UE/gNB as they have to prepare to handle each of the three cases.
· Another option is that the UE does not expect to encounter the special situation that both linked candidates will completely overlap with individual candidates. The additional flexibility offered by this special situation is not worth the complexity as outlined above; potential dynamic switching between linked/individual candidates can already be supported by having only one overlapped candidate, which is sufficient in general already. This can be supported by gNB configuration of CORESETs, DCI sizes, CCEs, scramblings, search spaces, etc., so that the gNB and UE know a priori that at most one of the linked candidates may overlap with an individual candidate, and which one of the linked candidates may overlap.
Based on the analysis, we suggest to avoid the both-overlapped cases to reduce unnecessary complexity.
Proposal 1: UE does not expect to be configured with both of the linked candidates overlap with two individual candidates with the same CORESET, DCI size, CCEs, and scrambling.

PUCCH/PUSCH enhancement
Until 3GPP RAN1 Meeting #106-e, several sets of agreements concerning PUCCH/PUSCH enhancements were achieved. Some key ones are summarized below:
Conclusion
For multi-TRP PUCCH schemes, only one ‘twoPUCCH-PC-AdjustmentStates’ parameter is configured for both TRPs, and the parameter is shared across both TRPs, which means there will be two closed loops in total (no RAN1 spec impact).
Agreement
For per-TRP closed-loop power control, when the indicated PUCCH transmission in DCI format 1_0 (fallback DCI) is associated with two “closedLoopIndex” values for multi-TRP PUCCH transmission schemes, the single TPC field (the existing TPC field) is applied to both closed loop indices for the scheduled PUCCH. 
Agreement 
For per-TRP closed-loop power control, 
· When the second TPC field is configured and the indicated PUCCH transmission in DCI formats 1_1/1_2  (or PUSCH transmission in DCI formats 0_1/0_2) is associated with one “closedLoopIndex” value for single TRP transmission, the other TPC field associated with the other “closedLoopIndex” value is unused. 
· Note1: Each TPC field is for each closed-loop index value respectively (i.e., 1st /2nd TPC fields correspond to “closedLoopIndex” value = 0 and 1, respectively).
· Note2: When the other TPC field associated with the other “closedLoopIndex” value is unused, the unused TPC field is not applied for any legacy procedures of calculating sum of TPC command values.
Agreement 
For mTRP PUCCH (or PUSCH) repetitions schemes, 
· When the second TPC field is configured and the indicated PUCCH transmission in DCI formats 1_1/1_2 (or PUSCH transmission in DCI formats 0_1/0_2) is associated with the same “closedLoopIndex” value for mutli-TRP tranmission, the other TPC field associated with the other “closedLoopIndex” value is unused. 
· Note: When the other TPC field associated with the other “closedLoopIndex” value is unused, the unused TPC field is not applied for any legacy procedures of calculating sum of TPC command values.
Agreement
For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.
Agreement 
For mTRP PUCCH (or PUSCH) repetitions schemes, 
· When the second TPC field is configured and the indicated PUCCH transmission in DCI formats 1_1/1_2 (or PUSCH transmission in DCI formats 0_1/0_2) is associated with the same “closedLoopIndex” value for mutli-TRP tranmission, the other TPC field associated with the other “closedLoopIndex” value is unused. 
· Note: When the other TPC field associated with the other “closedLoopIndex” value is unused, the unused TPC field is not applied for any legacy procedures of calculating sum of TPC command values.
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”

For the issue of the number of SRS resources for CB and NCB, it seems that a large number of companies do not support to have the restriction that CB and NCB have to have the same number, that is, they support Alt. 2 and/or Alt. 3. However, for these two alternatives, some remaining detailed RAN1 work will be needed, and some companies do not seem to agree on the remaining detailed design. For this reason, several other companies suggested to take the simplest alternative, i.e., Alt. 1. Some companies suggested to first down-select between the same number and different numbers. To summarize, Alt. 1 is simple and can work just fine in typical situations, but it is a bit restrictive; Alt. 2 and Alt. 3 are more flexible, but they are more complicated and require additional work, especially Alt. 3.
Though we can be generally open to the three alternatives as all of them can work, we think the restriction imposed on Alt. 1 is not necessary, and RAN1 still has time for this optimization. Essentially the additional design details are already laid out in the sub-bullets of the agreements. The bit width can be determined by the SRS resource set that has more SRS resources. For the interpretation of whether a SRI field is present or not, in legacy standards the SRI field is considered as present only “when multiple SRS resources are configured”. That is, even when a SRI field is configured, the SRI field can be considered by the UE as not present if there is only one SRS resource configured for that resource set. Overall, it seems that the remaining standard impact is very limited, and more flexibility can be easily supported. Therefore, Alt. 3 is preferred. 
Proposal 2: On the number of SRS resource(s) configured in the two SRS resource sets, support Alt. 3:
· Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition
· The bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets
· A SRI field is considered by the UE as not present if there is only one SRS resource configured for that resource set

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed non-PDSCH design with multi-TRP, focused on improving the reliability of the non-PDSCH channels. The following are proposed:
Proposal 1: UE does not expect to be configured with both of the linked candidates overlap with two individual candidates with the same CORESET, DCI size, CCEs, and scrambling.
Proposal 2: On the number of SRS resource(s) configured in the two SRS resource sets, support Alt. 3:
· Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition
· The bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets
· A SRI field is considered by the UE as not present if there is only one SRS resource configured for that resource set

