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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#104b-e, the following agreements were reached.
	Agreement
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition
· For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV (when UE is configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving the PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0), a reference candidate is used. Select one among the following:
· Alt1: The candidate that starts later in time
· Alt3: The candidate that starts earlier in time
· FFS: How to define d1,1 for PDSCH processing time in this case

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, 
· Working assumption: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
· If the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL if applicable, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs 
· FFS: Whether additional options are needed (e.g. to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI) 



As a general principle, for functions happening after the decoding of the DCI, it is natural to use the candidate that ends later in time as a reference, since the UE might only decode the later candidate. This principle can be applied to the case of PDSCH with mapping type B.
Proposal 1: For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV, the reference candidate is the candidate that later in time (Alt1).
It was agreed that if the TCI field isn’t present in the DCI and the scheduling offset is equal to or larger than timeDurationForQCL, the PDSCH QCL assumption is based on the CORESET with the lower ID. The means that only single-TRP PDSCH can be used in this case. It would be beneficial to support also multi-TRP PDSCH schemes (e.g. FDM scheme A, FDM scheme B, TDM scheme A, TDM scheme B) in the case that the TCI field isn’t present in the DCI. This can be achieved by basing the PDSCH QCL assumption on both linked CORESETs. 
Proposal 2:  If the TCI field isn’t present in the DCI and the scheduling offset is equal to or larger than timeDurationForQCL, support using the activated TCI states of both CORESETs for PDSCH reception if multi-TRP PDSCH is configured.
If two search space sets are linked and the corresponding CORESETs have the same TCI state activated, then single-TRP PDCCH repetition is performed. There seems to be no need to prohibit this case.
Proposal 3: Support single-TRP PDCCH repetition using the agreed framework.
The following was also agreed in RAN1#104b-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), select one option from Options 1 and 2 in RAN1#105-e:
· 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)
· Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)
· FFS: Which of 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
· Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· Case 5: Overbooking results in one of the linked candidates not being monitored
· 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
· FFS: Whether there is an impact to BD count 


PDCCH repetition can provide robustness not only to channel blocking, but also PDCCH candidate dropping. If only one of the two linked PDCCH candidates is dropped, the other candidate can still be received and correctly decoded. 
Proposal 4: Support 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). 
The following was agreed in RAN1#103-e:
	Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.
· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any
· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3
· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 
· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.
· FFS: whether and how to support for DCI format 2_x


Regarding the last FFS on DCI formats 2_x, they are used for various purposes for which reliability enhancement may also be beneficial, e.g. pre-emption, cancellation, availability indications. There seems to be no technical motivation to exclude such DCI formats from linked SS sets.
Proposal 5: Support PDCCH repetition of DCI formats 2_x. 
2.2 PUSCH
In RAN1#104b-e and RAN1#105-e, the following was agreed:
	Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting 
For further study in future meetings:
For PHR reporting related to M-TRP PUSCH repetition, study following aspects related to option 4, 
· 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.
· FFS1: How the PHRs are calculated for reporting (actual PHR or virtual PHR)
· FFS2: How the PHRs are calculated for reporting for other CCs if the multi-cell PHR MAC CE is applied.
· FFS3: Required changes to triggering conditions including the required higher layer parameters (e.g.,’phr-PeriodicTimer’, ‘phr-ProhibitTimer’, ‘phr-Tx-PowerFactorChange’ as TRP specific).
· FFS4: Report P-MPR and MPE per TRP within the same MAC-CE extension.
· Note: Down-selection between Options 1-5 will be based on this study as well as the trade-off between benefit versus UE complexity.


The PUSCH transmissions to different TRPs may operate with separate power control. They may also be transmitted from different panels with potentially different power constraints. Hence, it’s meaningful to calculate two PHRs, each corresponding to a TRP, and to report those values to the gNB, in order to facilitate the UL power control and scheduling.
Since the second PUSCH repetition may be transmitted after the PHR report, it is more suitable to report virtual PHR than actual PHR.
The PHR triggering conditions doesn’t seem to be related only to Option 4, but it is a more general issue related to M-TRP PUSCH repetition. The discussion on whether any changes are needed may be deferred to RAN2.
Proposal 6: Support Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs.
Conclusion
In this contribution, we considered aspects of multi-TRP PUCCH/PUSCH enhancement. We have the following proposals: 
Proposal 1: For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV, the reference candidate is the candidate that later in time (Alt1).
Proposal 2:  If the TCI field isn’t present in the DCI and the scheduling offset is equal to or larger than timeDurationForQCL, support using the activated TCI states of both CORESETs for PDSCH reception if multi-TRP PDSCH is configured.
Proposal 3: Support single-TRP PDCCH repetition using the agreed framework.
Proposal 4: Support 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). 
Proposal 5: Support PDCCH repetition of DCI formats 2_x. 
Proposal 6: Support Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs.
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