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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
2.1 PDCCH
In RAN1#104-e, the following agreements were reached.
	Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:
· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.
· To extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e., PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.
· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.
· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.

Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.



For many functions in the physical layer, it’s important that the UE and gNB have a common reference point in time. Since many functions follow a DCI, a reference point often used is the DCI, e.g. the last or first symbol of a DCI. To this end, a reference PDCCH candidate in case of PDCCH repetition in time was agreed in RAN1#104-e. For various functions, the reference PDCCH candidate has to be defined, for the example the candidate that ends later in time. A reference candidate was defined for several functions in RAN1#104. However, there may be several remaining function that need to be handled, for example those identified as Issue 1-4 in the agreement above. All of these issues should be discussed and resolved.
Proposal 1: Resolve Issue 1 – Issue 4 identified in RAN1#104-e.
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 may be applied to Issue 1.
Proposal 2: For Issue 1, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain.
For Issue 2, there is a need to consider both cases - the case that the UE is configured with multi-TRP PDSCH (FDM scheme A, FDM scheme B, TDM scheme A, TDM scheme B) and the case that the UE isn’t. For the case with multi-TRP PDSCH, the activated TCI states of the two linked CORESETs can be used also for the PDSCH. For the case without multi-TRP PDSCH, the activated TCI state of one of the linked CORESETs can be used for PDSCH.
Proposal 3: For Issue 2, use activated TCI states of both CORESETs if multi-TRP PDSCH is configured. Use activated TCI state of one of the CORESETs if multi-TRP PDSCH isn’t configured.
Regarding Issue 3, it seems the considered scenario is PDCCH repetition across CORESET pools. The typical deployment scenario when CORESET pools are configured is multi-TRP with non-ideal backhaul. It is therefore not clear if this enhancement is feasible. 
Proposal 4: For Issue 3, do not support PDCCH repetition across CORESET pools in Rel-17.
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 5: For Issue 4, support single-TRP PDCCH repetition using the agreed framework.
The following was also agreed in RAN1#104-e:
	Agreement
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


It was agreed that two SS sets can be linked by RRC configuration. There seems to be no strong technical justification to additionally support linking by MAC CE. 
Proposal 6: SS set linking by MAC CE is not supported in Rel-17. 
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 7: Support PDCCH repetition of DCI formats 2_x. 
2.2 PUCCH
In RAN1#104-e, the following was agreed.
	
Working Assumption
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.

Conclusion
For Multi-TRP PUCCH Scheme 1/3 at least containing HARQ ACK, supporting dynamic switching between multi-TRP PUCCH scheme and single-TRP PUCCH transmission is not restricted, and can be done by associating, 
· a PUCCH resource activated with one or two spatial-relation-info and PRI bit-field indicating a PUCCH resource,
· or a PUCCH resource with one or two power control parameter sets and PRI bit-field indicating a PUCCH resource
FFS: Support of dynamic switching for Scheme 2 (if the schemes supported)

Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH , select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.



Power control is important for PUCCH performance. If the dynamics of per-TRP closed loop power control is worse than for single-TRP, some of the multi-TRP gains may be lost. Therefore, we support a duplication of the Rel-15/16 closed loop power control for the second TRP, i.e. a second TPC field is added in DCI formats 1_1 / 1_2.
Proposal 8: Support Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
PUCCH repetition scheme 1 has been agreed. Given that scheme 3 is a working assumption, there seems to be no need to also support scheme 2, which is quite similar.
Proposal 9: Do not support PUCCH repetition scheme 2 in Rel-17.
2.3 PUSCH
In RAN1#104-e, the following was agreed:
	Agreement
For single-DCI based M-TRP PUSCH repetition schemes, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. 
· FFS1: Details on linking SRI fields to two power control parameters, 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
· Alt. 3: Let RAN2 handle this
· Alt.4: Add second sri-PUSCH-PathlossReferenceRS-Id/sri-P0-PUSCH-AlphaSetId/sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.
· FFS2: Enhancements on open-loop power control parameter set indication
· FFS3: Consideration on srs-PowerControlAdjustmentStates
· FFS4: Impact of multi-TRP PUSCH repetition on PHR reporting
· FFS5: Enhancement on power control parameters per TRP when SRI(s) indication of two SRS resource sets is absent.


Regarding the linking of SRI fields to power control parameters, this is a matter of RRC configuration details, which should be left to RAN2.
Proposal 10: Support Alt 3: Let RAN2 handle this.
The following was also agreed in RAN1#104-e:
	Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.
· For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 
· For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 
· The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).
· The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols
· FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam
· FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions
· FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.


In general it’s beneficial to transmit the A-CSI to the network as soon as possible. Given that the multi-symbol constraint applies to both the first actual repetition on the first beam and the X-th actual repetition on the second beam carrying the A-CSI, it seems beneficial to have X=1. The other mentioned alternative, i.e. that X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam, might increase scheduling flexibility in some cases, but may introduce issues in other cases, for example if no actual repetition on the second beam has the same number of symbols of the first actual repetition of the first beam.
Proposal 11: Support X=1.
Regarding SP-CSI/P-CSI on PUCCH, they may also be configured for multi-TRP repetition, for reliability enhancement. In the situation of multiplexing in PUSCH, it would seem beneficial to apply the A-CSI scheme also to the SP-CSI/P-CSI multiplexed in PUSCH.
Proposal 12: The same scheme as for A-CSI is supported for SP-CSI/P-CSI on PUSCH repetitions.
The following was also agreed in RAN1#104-e:
	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH,
· Two TPMI fields are indicated in DCI formats 0_1/0_2.
· The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only containsindicates the second TPMI index. The same number of layers are applied as indicated in the first TPMI field.
· FFS: Details of second TPMI field interpretation including changes expected in Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212
· FFS: Interpreting TPMI fields when multi-TRP and single-TRP PUSCH repetition is applied.
· FFS: whether to support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
· FFS: The size of the second TPMI field can be equal to or smaller than the size of the first TPMI field



Beside the agreed constraint that the same number of layers are applicable to the first and second TPMI, there is no need to further constrain the precoder selected by the second TPMI, since they should generally be uncorrelated in a multi-TRP scenario. 
Proposal 13: For the given number of layers, the first and second TPMI fields can select from the same set of precoders.
In some cases, it may be suitable to select the same precoder for both TRPs. This can be indicated by the two TPMI fields and there is no need to support such an indication using a single TPMI field.
Proposal 14: No need to support PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
In RAN1#104-e, the following was agreed.
	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 
· Support the same number of layers applied over repetitions
· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.
· Support dynamic switching between multi-TRP and single-TRP operation
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations
· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.
· FFS: Support dynamic switching the order of two TRPs
· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any



Dynamic switching between multi-TRP and single-TRP operation is supported. For single-TRP operation, only one of the SRI fields is used. For most cases, there are reserved entries in the SRI tables that can be used to indicate that the SRI is not used. For the other cases, this could be further studied. One solution is to increase the SRI field bit width by one in those cases. 
Proposal 15: For dynamic switching between multi-TRP and single-TRP operation, use a reserved value in the SRI table to indicate that no SRI is selected, at least for the cases with reserved values in the table. Further study remaining cases, e.g. increase SRI field width.
The following was also agreed in RAN1#104-e:
	Agreement
Further study following alternatives to support per TRP closed-loop power control for PUSCH , select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.


Regarding per-TRP closed loop power control, it is important to maintain the power control dynamics of Rel-15/16 PUSCH. Also, it is beneficial to be able to control the power independently for different TRPs. Therefore, the addition of a second power control field to the DCI seems to be beneficial. 
Proposal 16: Support Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
Conclusion
In this contribution, we considered aspects of multi-TRP PDCCH/PUCCH/PUSCH enhancement. We have the following proposals: 
Proposal 1: Resolve Issue 1 – Issue 4 identified in RAN1#104-e.
Proposal 2: For Issue 1, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain.
Proposal 3: For Issue 2, use activated TCI states of both CORESETs if multi-TRP PDSCH is configured. Use activated TCI state of one of the CORESETs if multi-TRP PDSCH isn’t configured.
Proposal 4: For Issue 3, do not support PDCCH repetition across CORESET pools in Rel-17.
Proposal 5: For Issue 4, support single-TRP PDCCH repetition using the agreed framework.
Proposal 6: SS set linking by MAC CE is not supported in Rel-17. 
Proposal 7: Support PDCCH repetition of DCI formats 2_x. 
Proposal 8: Support Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
Proposal 9: Do not support PUCCH repetition scheme 2 in Rel-17.
Proposal 10: Support Alt 3: Let RAN2 handle this.
Proposal 11: Support X=1.
Proposal 12: The same scheme as for A-CSI is supported for SP-CSI/P-CSI on PUSCH repetitions.
Proposal 13: For the given number of layers, the first and second TPMI fields can select from the same set of precoders.
Proposal 14: No need to support PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
Proposal 15: For dynamic switching between multi-TRP and single-TRP operation, use a reserved value in the SRI table to indicate that no SRI is selected, at least for the cases with reserved values in the table. Further study remaining cases, e.g. increase SRI field width.
Proposal 16: Support Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
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