[bookmark: _Hlk498518780][bookmark: _Hlk525723053]3GPP TSG RAN WG1 #108-e Meeting	R1-2202317
e-Meeting, February 21st – March 3rd, 2022

Agenda item:		8.1.2.1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell
Title:	Maintenance of Enhancements for Multi-TRP URLLC schemes 
Document for:		Discussion and Decision
1.   Introduction
[bookmark: _Hlk492027000]The Rel-17 work item for enhancements on MIMO for NR includes an objective to extend specification support for enhancements on multi-TRP/panel transmission. In RAN #86, the objectives were agreed to read as follows [1]:
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 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

In this contribution, we focus on the first objective, which is to improve reliability and robustness for channels PDCCH, PUCCH, and PUSCH. 

2.    Discussion
In the following sub-sections, we discuss the remaining open points related to multi-TRP and multi-panel based reliability enhancement related to PDCCH, PUCCH and PUSCH.

2.1 	PDCCH enhancements with multi-TRP



Void.

2.2 	PUCCH enhancements with multi-TRP
2.2.1 On whether M-TRP PUCCH operation is supported for all UCI types
In RAN1#104-e, the following conclusion was made regarding the switching between M-TRP PUCCH schemes 1 and 3:
	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)



From the highlighted text (in yellow) in the above conclusion, it can be observed that only the case where the PUCCH is (at least) carrying HARQ-ACK is covered. Given this observation, we would like to point out to a more general aspect that seems not fully clear based on the M-TRP PUCCH repetition operation agreements: is the M-TRP PUCCH operation also applicable to PUCCH carrying SPS HARQ-ACK (without a corresponding PDCCH), SR, and/or CSI?
Note that, in the latest Rel-17 MIMO TS 38.213 CR (R1-2112986), the following text capturing the M-TRP PUCCH repetition operation doesn’t seem to restrict such operation to a specific UCI type(s). 
	When a PUCCH resource used for repetitions of a PUCCH transmission by a UE includes first and second spatial settings, or first and second sets of power control parameters, as described in [11, TS 38.321] and in clause 7.2.1, the UE
-	uses the first and second spatial settings, or the first and second sets of power control parameters, for first and second repetitions of the PUCCH transmission, respectively, when ,
-	alternates between the first and second spatial settings, or between the first and second sets of power control parameters, respectively, per  repetitions of the PUCCH transmission, where  if mappingPattern = ‘cyclicMapping’; else, .



Proposal 1: RAN1 to clarify whether the M-TRP PUCCH repetition (with schemes 1 and 3) operation is also applicable to PUCCH carrying SPS HARQ-ACK (without a corresponding PDCCH), SR, and/or CSI.

2.2.2	S-TRP PUCCH operation for a PUCCH resource with two spatial or power control settings
In RAN1#106-e, the following agreement was made on the grouping of PUCCH resources considering the Rel-17 M-TRP PUCCH enhancements:
	Agreement
For the grouping of PUCCH resources in Rel-17 multi-TRP PUCCH repetition schemes,
· Support MAC-CE activating two spatial relation info’s (for FR2) for a group of PUCCH resources in a CC. 
· Support MAC-CE activating two sets of power control parameters (for FR1) for a group of PUCCH resources in a CC. 
· When the PUCCH resource is indicated with two spatial relation info’s or two sets of power control parameters (via a MAC-CE that activating two spatial relation info’s or a MAC-CE that activating two sets of power control parameters for a group of PUCCH resources, respectively), the other PUCCH resources in the group also get updated to have the same two spatial relation info’s or two sets of power control parameters.
· When the PUCCH resource is indicated with one spatial relation info or one set of power control parameters (via a MAC-CE that activating single spatial relation info or a MAC-CE that activating single set of power control parameters for a group of PUCCH resources, respectively), then the other PUCCH resources in the group also get updated to have the same spatial relation info or the same set of power control parameters.
· The signalling details are up to RAN2 to decide.
· Note: Impacts coming from coverage enhancement work item on associating PUCCH resource with repetition factor can be discussed separately



Given the agreement above, there would be cases where a PUCCH resource is associated/activated with two spatial relation info / power control parameter sets (via MAC CE), while the S-TRP PUCCH operation is applicable (e.g. if the corresponding number of PUCCH repetitions is 1, or if M-TRP operation is finally not supported for some UCI types). One may argue that the gNB could avoid such cases, and thus no need to define which of the two spatial relation info / power control parameter sets should be selected/used by the UE. While this might be the case for HARQ-ACK that has a corresponding PDCCH since a suitable PUCCH resource could be indicated via PRI, for SR / CSI / SPS HARQ-ACK (without a corresponding PDCCH) the gNB would not have such flexibility as the PUCCH resource is configured.

Based on the observations above, one of the following two alternatives could be adopted:
· Alt.1: If a PUCCH resource is associated/activated with two spatial relation info / power control parameter sets (via MAC CE), and the S-TRP PUCCH operation using this PUCCH resource is applicable (e.g. if the corresponding number of PUCCH repetitions is 1, or if M-TRP operation is finally not supported for some UCI types), the first indicated spatial relation info / power control parameter set (via MAC CE) could be simply selected and used.
· Alt.2: The UE doesn’t expect a PUCCH resource to be associated/activated with two spatial relation info / power control parameter sets (via MAC CE) and to have the S-TRP PUCCH operation using this PUCCH resource to be applicable, i.e., this case is treated as an error case. 

Proposal 2: For the case where a PUCCH resource is associated/activated with two spatial relation info / power control parameter sets (via MAC CE), and S-TRP PUCCH operation using this PUCCH resource is applicable (e.g. if the corresponding number of PUCCH repetitions is 1, or if M-TRP operation is not supported for some UCI types), down-select between the following alternatives:
· Alt.1: The case is allowed and the first indicated spatial relation info / power control parameter set (via MAC CE) is selected and used.
· Alt.2: This is treated as an error case.

[bookmark: _Hlk528168953]2.3 	PUSCH enhancements with multi-TRP


2.3.1 	M-TRP PUSCH operation when pathlossReferenceLinking is provided
[bookmark: _Hlk86659734]As captured in TS 38.213 Sec. 7, for PUSCH/PUCCH pathloss RS determination, when pathlossReferenceLinking is provided, the UE determines the RS resource on a serving cell indicated by a value of pathlossReferenceLinking. In other words, only a single RS determination seems to be covered in this case. 

[bookmark: _Hlk94775045]Thus, one aspect that needs at least a clarification is whether the multi-TRP PUSCH/PUCCH operation is allowed when pathlossReferenceLinking is provided. If this is allowed, then the specifications in TS 38.213 would need to be updated to explicitly cover the case where the UE determines two RS indexes on a serving cell indicated by a value of pathlossReferenceLinking (if provided) in case of multi-TRP PUSCH/PUCCH operation. From the latest Rel-17 MIMO TS 38.213 CR (R1-2112986), the following text showing one instance (highlighted in yellow) of pathlossReferenceLinking can be found:

	If the UE is provided SRI-PUSCH-PowerControl and more than one values of PUSCH-PathlossReferenceRS-Id, the UE obtains a mapping from sri-PUSCH-PowerControlId in SRI-PUSCH-PowerControl between a set of values for the SRI field, or for first and second SRI fields if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook', or values for a first SRI field and values associated with a second SRI field value corresponding to Tables 7.3.1.1.2-28/29/30/31 of [5, TS 38.212] for a same number of layers as indicated by the first SRI field value if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'nonCodebook', in a DCI format scheduling the PUSCH transmission and a set of PUSCH-PathlossReferenceRS-Id values and determines the RS resource index , or respective first and second RS resource indexes , from the value of PUSCH-PathlossReferenceRS-Id that is mapped to the SRI field value, or from the values of PUSCH-PathlossReferenceRS-Id that are mapped to respective first and second SRI field values if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook', or from the values of PUSCH-PathlossReferenceRS-Id that are mapped to respective first SRI field value and a value associated with the second SRI field value corresponding to Tables 7.3.1.1.2-28/29/30/31 of [5, TS 38.212] for a same number of layers as indicated by the first SRI field value if the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'nonCodebook', 
where the RS resource is either on serving cell  or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking




Proposal 3: RAN1 to clarify whether the multi-TRP PUSCH/PUCCH repetition operation is not restricted when pathlossReferenceLinking is provided.
· If it is not restricted, the specifications in TS 38.213 may need to be updated to explicitly cover the case where the UE determines two RS indexes, i.e., a first RS index and a second RS index, on a serving cell indicated by a value of pathlossReferenceLinking in case of multi-TRP PUSCH/PUCCH repetition operation.

It’s worth noting that regardless of whether the multi-TRP PUSCH/PUCCH operation is allowed when pathlossReferenceLinking is provided, the current specifications (e.g., for the part highlighted in yellow above) would need to be updated to also cover explicitly “or respective first and second RS resource indexes …” in a similar way as the part highlighted in green.

3. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss first sub-objective of the multi-TRP/panel transmission. The following observations and proposals are made.


PUCCH enhancements:

Proposal 1: RAN1 to clarify whether the M-TRP PUCCH repetition (with schemes 1 and 3) operation is also applicable to PUCCH carrying SPS HARQ-ACK (without a corresponding PDCCH), SR, and/or CSI.
Proposal 2: For the case where a PUCCH resource is associated/activated with two spatial relation info / power control parameter sets (via MAC CE), and S-TRP PUCCH operation using this PUCCH resource is applicable (e.g. if the corresponding number of PUCCH repetitions is 1, or if M-TRP operation is not supported for some UCI types), down-select between the following alternatives:
· Alt.1: The case is allowed and the first indicated spatial relation info / power control parameter set (via MAC CE) is selected and used.
· Alt.2: This is treated as an error case.

PUSCH enhancements:

Proposal 3: RAN1 to clarify whether the multi-TRP PUSCH/PUCCH repetition operation is not restricted when pathlossReferenceLinking is provided.
· If it is not restricted, the specifications in TS 38.213 may need to be updated to explicitly cover the case where the UE determines two RS indexes, i.e., a first RS index and a second RS index, on a serving cell indicated by a value of pathlossReferenceLinking in case of multi-TRP PUSCH/PUCCH repetition operation.
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