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Introduction
Rel-16 eMIMO introduced enhancements for multi-TRP transmission of PDSCH. Rel-17 FeMIMO WI will extend the multi-TRP support to PDCCH, PUCCH and PUSCH [1].
	· Extend specification support in the following areas [RAN1]
2. 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 


Discussion
1.1 PDCCH
In RAN1#106-e, the following agreements were reached.
	Agreement
Support PDCCH repetition for Type3 CSS.



It was agreed to support PDCCH repetition for Type3 CSS, which is used to carry DCI formats 2_X.
For DCI format 2_1, a UE can be indicated a downlink preemption indication (interrupted transmission indication), in which a set of symbols prior to the first symbol of the CORESET are preempted. To maintain legacy operation as much as possible, the PDCCH candidate that starts earlier in time among the two linked PDCCH candidates is used as a reference
Proposal 1: For interrupted transmission indication using DCI format 2_1, the PDCCH candidate that starts earlier in time among the two linked PDCCH candidates is used as a reference.
For DCI format 2_4, a UE can be indicated the cancellation of an upcoming UL transmission. Since the UE might successfully decode only the PDCCH candidate that ends later in time, this candidate should be used as reference in order to maintain the legacy timeline.
Proposal 2: For cancellation indication using DCI format 2_4, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used as a reference.
The following was also agreed in RAN1#106-e:
	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.



For Case 1 (2 BDs), it is preferred to keep/drop the SS sets separately. This allows greater flexibility and also reuses the existing specification. Furthermore, it also follows the principle of the agreement above (Option 1) that linked PDCCH candidates are dropped individually). 
Proposal 3: For Case 1 (2 BDs), support Alt 1 (No change (use existing spec)). 
For Case 2 (3 BDs), it is beneficial if the UE can drop only the third BD (“soft combining BD”) without dropping one of the linked individual SS sets (“separate BDs”), if allowed by the BD budget. This seems possible only with Alt 1-1. However, it might not be necessary to use the “virtual SS set” terminology when capturing the idea in the specification. It may be up to the editor how to capture it.
Proposal 4: For Case 2 (3 BDs), support Alt 1-1 (The third BD is counted as a virtual SS set). Whether to use the “virtual SS set” term in the spec is up to the editor.
The following was also agreed in RAN1#106-e:
	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



The network can typically provide the UE with configuration such that the legacy priority order (for QCL-TypeD) results in a suitable selection, e.g. based on an appropriate assignment of SS set IDs. Therefore, we don’t see a strong need to introduce further enhancements in this area. 
Proposal 5: Support Alt1: Identify the two QCL-Type D properties based on legacy priority order. 
Conclusion
In this contribution, we considered aspects of multi-TRP PUCCH/PUSCH enhancement. We have the following proposals: 
Proposal 1: For interrupted transmission indication using DCI format 2_1, the PDCCH candidate that starts earlier in time among the two linked PDCCH candidates is used as a reference.
Proposal 2: For cancellation indication using DCI format 2_4, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used as a reference.
Proposal 3: For Case 1 (2 BDs), support Alt 1 (No change (use existing spec)). 
Proposal 4: For Case 2 (3 BDs), support Alt 1-1 (The third BD is counted as a virtual SS set). Whether to use the “virtual SS set” term in the spec is up to the editor.
Proposal 5: Support Alt1: Identify the two QCL-Type D properties based on legacy priority order. 
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