[bookmark: _Hlk498518780][bookmark: _Hlk525723053]3GPP TSG RAN WG1 #106-e Meeting	R1-2108053
e-Meeting, Aug 16th - Aug 27th, 2021

Agenda item:		8.1.2.1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell
Title:	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 details related to multi-TRP and multi-panel based reliability enhancement related to PDCCH, PUCCH and PUSCH. 

2.1    PDCCH enhancements with multi-TRP
2.1.1   S-TRP PDCCH repetition 
Most of the previous RAN1 agreements related to PDCCH repetition can be easily applicable for the S-TRP PDCCH repetition. For example, in RAN1#104b-e, to determine PUCCH resources for HARQ-ACK when DL DCI is transmitted via PDCCH repetition and corresponding PUCCH resource set has a size larger than eight, the PDCCH candidate with the lowest SS set ID is applied. 







	Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied, and option 2 is supported
· Option 2: The one with the lowest SS set ID is applied.
· FFS: Support of Option 2 does not mean PDCCH repetition based on two linked search space set within one CORESET is supported




As mentioned in the above agreement, the S-TRP operation is not yet supported explicitly. When two linked search space sets are within one CORESET, it allows S-TRP PDCCH repetition, and such operation may be useful to consider in Rel-17 as no extra work is associated to introduce it.   
Proposal 1: Support S-TRP PDCCH repetition based on M-TRP PDCCH repetition framework with two linked SS sets are associated with one CORESET. 
2.1.2   Number of BDs
In RAN1#104b-e, for number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, the following was agreed:
	 Agreement
[bookmark: _Hlk78359979]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



There are several other open discussion points in the above agreement. 
· More than one number to be reported: This creates unnecessary discussions and specification effort, and for which we hardly see any benefits. If a UE receive PDCCH repetition, the UE may follow a single assumption for decoding, thus there may be only one candidate BD number that the UE can report. If the UE is changing the decoding methods, the UE can report the updated capability. Therefore, we do not see any use of reporting more than one candidate value at once. 
· Default behaviour: Default behaviour is only needed if we agree on reporting more than one candidate number. 
· Other open points: Indicating or defining UEs decoding assumptions associated with a reported BD count seems to be unnecessary information at the gNB. Actually, the gNB may get relative understanding of decoding performances for two different values used for BD count. Also, it is not clear the exact benefit of reporting non-integer candidate BD counts. Finally, when a single candidate value is reported by the UE, there is no need for an RRC configuration to indicate the BD count for PDCCH repetition, and gNB and UE can easily have the same understanding on what is assumed for BD count. 

Observation 1: For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, the UE reporting more numbers as required number of BDs for the two PDCCH candidates is not required and such enhancements adding more specification effort without clear benefits.  

2.1.3   PDSCH mapping Type B
In RAN1#104b-e, for PDSCH mapping type B the following was agreed:
	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



As mentioned in the above agreement, for PDCCH repetition together with PDSCH mapping type B, it is required to decide between Alt.1 and Alt.3. During RAN1 #104-bis meeting, Alt.1 had the majority view as it is more in line with Rel-15. In particular, section 5 in 38.214 mentions the following,   
“The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol than the first symbol indicated in the PDSCH time domain resource allocation.”
If the PDCCH candidates are separated in time, the candidate that starts later in time (Alt. 1) can satisfy the above text. Otherwise, the above restriction should be modified, and the UE may receive the first symbol of the second PDCCH candidate in a later symbol than the first symbol indicated in the PDSCH time domain resource allocation. Few companies argued that such a relaxation would benefit latency perspective, but several other companies mentioned that overall PDSCH decoding timeline will be extend anyways and latency benefit will not be there. As Alt.3 has further discussion on processing timeline of PDSCH, we think it is simpler to close the issue by agreeing to Alt.1. 
Proposal 2: 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 the following:
· Alt1: The candidate that starts later in time

2.1.4   QCL-TypeD prioritization for overlapping CORESETs
In RAN1#104b-e, the following regarding necessity of enhancing QCL-TypeD prioritization for PDCCH repetition was agreed:
	Agreement
For a UE supporting reception with two different beams, support identifying two QCL-TypeD properties for multiple overlapping CORESETs
· FFS: How to enhance existing QCL-TypeD priority rules for overlapping CORESETs
· Note: The primary goal of this enhancement for the purpose of this sub-AI is to support time-overlapping PDCCH repetitions in FR2.



According to [TS 38.213], the rule to prioritize PDCCH candidate from overlapping CORESETs and when they have different QCL-TypeD properties is as follows:
	“If a UE
- is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
- monitors PDCCH candidates in overlapping PDCCH monitoring occasions in multiple CORESETs that have same or different QCL-TypeD properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell from the one or more cells
- the CORESET corresponds to the CSS set with the lowest index in the cell with the lowest index containing CSS, if any; otherwise, to the USS set with the lowest index in the cell with lowest index
- the lowest USS set index is determined over all USS sets with at least one PDCCH candidate in overlapping PDCCH monitoring occasions”



As such, the existing QCL-TypeD prioritization rules across CORESETs result in only one QCL-Type D to be monitored, which basically excludes the FDM (with time domain only overlapping symbols) PDCCH repetition in FR2 even for UEs that support receiving two beams simultaneously. 
On the “FFS: How to enhance existing QCL-TypeD priority rules for overlapping CORESETs”, we think that CORESET selection with different QCL-TypeD in the case of receiving 2 different beams at the UE is required to be specified, and the following options/rules could be applied:
· Option 1: select two QCL-TypeD based on extended Rel-15/16 mechanism by conditioning the selection of second QCL-TypeD to linking of CORESETs. 
· E.g.: selecting first QCL-TypeD based on Rel-15/16 mechanism and a second QCL-Type D for PDCCH monitoring if any CORESET with first QCL-Type D has a linking with an another CORESET.
· Option 2: select two QCL-TypeD based on extended Rel-15/16 mechanism without any consideration of linking of CORESETs. 
· E.g.: selecting first QCL-TypeD based on Rel-15/16 mechanism and a second QCL-Type D based on similar extension of Rel-15/16 framework (selection based on lowest CSS/USS set considering remaining CORESETs with different QCL-TypeDs).
We prefer Option 2 as it is more future-proof and allows PDCCH reception via two panels in general. Even though Option 2 is not limiting CORESET selection based on the CORESETs associated with PDCCH repetition, gNB has the flexibility to change RRC configurations (e.g. setting linked SSSets and CORESETs to match Option 2) to support PDCCH repetition.   
Proposal 3: For a UE supporting reception with two different beams, enhance existing QCL-TypeD priority rules for overlapping CORESETs. Select one from the following, 
· Option 1: select two QCL-TypeD based on extended Rel-15/16 mechanism by conditioning the selection of second QCL-TypeD to linking of CORESETs. 
· Option 2: select two QCL-TypeD based on extended Rel-15/16 mechanism without any consideration of linking of CORESETs. 

2.1.5    Overlapping of a linked candidate with an individual candidate
In RAN1#104b-e, the following was agreed:
	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, for the purpose of BD counting and interpretation of a detected DCI, select one option among the following in RAN1#105-e:
· Option 1: The individual candidate is not counted for monitoring 
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· Option 2: The candidate in a higher SS set ID is not counted for monitoring
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· FFS: Whether a max limit on number of such overlaps is needed.
Additional specification support may be introduced for the purpose of resolving ambiguity (if any) for interpretation of the detected DCI. For example,
· Distinguished by different RNTIs defined for the linked candidate versus the individual candidate
· Distinguished by aggregation level restrictions that can be expected by the UE in the case of overlap



A related text in TS 38.213 is, 
“A PDCCH candidate with index  for a search space set  using a set of CCEs in a CORESET  on the active DL BWP for serving cell  is not counted for monitoring if there is a PDCCH candidate with index  for a search space set , or if there is a PDCCH candidate with index  and , in the CORESET  on the active DL BWP for serving cell  using a same set of CCEs, the PDCCH candidates have identical scrambling, and the corresponding DCI formats for the PDCCH candidates have a same size; otherwise, the PDCCH candidate with index  is counted for monitoring. “
Individual candidate is deprioritized in Option 1, where a simple extension to Rel-15 spec text can solve the concern. However, Options 2 and 3 use Rel-15 rule and it may drop a linked PDCCH candidate. In such cases, further discussions may be needed on how to handle the other linked PDCCH candidate (as one linked candidate is not counted). Therefore, we believe that the discussion on Options 2 and 3 may be more complicated. 
On the last part of the above agreement, we do not really see any extra discussion is needed on “the purpose of resolving ambiguity” and this should be neglected in the future discussions. 
Proposal 4: 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, for the purpose of BD counting and interpretation of a detected DCI, select Option 1: 
· Option 1: The individual candidate is not counted for monitoring 
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).

2.1.6    Dropping one of linked PDCCH candidates
In RAN1#104b-e, RAN1 discussed the scenario where one linked PDCCH candidate gets dropped, and remaining details on the UE behaviour to monitor remaining PDCCH candidate were listed, 
	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 



In Option 1, the UE monitors the remaining linked PDCCH candidate, which seems to be more sensible way of decoding than dropping the remaining linked PDCCH candidate as suggested in Option 2. Also, FFS should be removed (‘FFS’ in third sub-bullet) in the above agreement as the applicable cases for dropping PDCCH candidates are valid. Also, as “Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored” is related with the discussion monitoring different QCL-TypeD, thus we think that can be discussed later. 

Proposal 5: 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 Option 1. 
· 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 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 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


2.2 	PUCCH enhancements with multi-TRP
2.2.1	Multi-TRP PUCCH Schemes
The support of the multi-TRP PUCCH Scheme 1 (i.e. inter-slot repetition) and Scheme 3 (i.e. intra-slot repetition) was agreed. On the other hand, the multi-TRP PUCCH Scheme 2 (i.e. intra-slot beam hopping) was not supported. In the following, we discuss some of the remaining open issues mainly regarding scheme 3 and the switching between the multi-TRP PUCCH schemes (i.e. Schemes 1 and 3).
[bookmark: _Hlk71558366]2.2.1.1   Multi-TRP PUCCH scheme 3
Regarding the multi-TRP PUCCH schemes, in RAN1#105-e the multi-TRP intra-slot repetition (Scheme 3) was agreed as follows:

	Agreement 
Confirm the working assumption with removing brackets on [consecutive] and adding UE capability.
· 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.
· This feature is optional. 



Further details related to Scheme 3 would need to be discussed once the sub-slot PUCCH repetition design (or, equivalently, the sub-slot configuration design) details are agreed in IIoT/eURLLC WI, where such details are related to whether to adopt other values of the number of PUCCH repetitions X, whether the repetition would be allowed across slots or not, etc. 

Proposal 6: RAN1 shall further discuss the remaining details of the multi-TRP intra-slot repetition scheme (i.e. Scheme 3) taking into account the sub-slot configuration design details once agreed under IIoT/eURLLC WI. 

2.2.1.2   Switching between multi-TRP PUCCH schemes
Given that the multi-TRP inter-slot repetition and intra-slot repetition schemes (i.e. Schemes 1 and 3) are agreed, one important aspect not yet really discussed regarding these multi-TRP PUCCH schemes, is how to enable the UE to determine which scheme should be used for a given UCI transmission using multi-TRP operation. Obviously, having a single multi-TRP PUCCH scheme configured at a time via higher layers is not good, as it’s important for the network to be able to somewhat dynamically switch between the different multi-TRP PUCCH schemes mainly to accommodate e.g. different latency and/or reliability requirements (associated with various types of traffic).

This switching operation aspect may be related to whether a separate PUCCH configuration will be agreed for multi-TRP to enable intra-slot repetition, in a similar way to the IIoT/eURLLC design. Hence, this aspect could probably be discussed after finalizing the remaining details for Scheme 3.

Proposal 7: Support dynamic switching between the different multi-TRP PUCCH schemes.
· FFS the details on how to achieve such dynamic switching/change of multi-TRP PUCCH scheme. 

2.2.2 	Other multi-TRP PUCCH aspects
2.2.2.1   PUCCH resource grouping
Rel-16 NR introduced the possibility to have a simultaneous update of a spatial relation per group of PUCCH resources by using one MAC CE; note that there could be up to four PUCCH resource groups configured per BWP. Specifically, if the indicated PUCCH Resource ID is included in a PUCCH resource group (configured via resourceGroupToAddModList-r16 as specified in TS 38.331) of the indicated UL BWP, no other PUCCH resources within the same PUCCH resource group are indicated in the MAC CE, and this MAC CE applies to all the PUCCH resources in the PUCCH resource group. In addition, the spatial relation of multiple PUCCH resources can be updated/indicated in the same MAC CE.

Considering the multi-TRP PUCCH schemes, it’s possible that a PUCCH resource is indicated/activated with two spatial relation info at a time. However, if this PUCCH resource is configured as part of a PUCCH resource group, it’s currently not clear how the spatial relation(s) of the (other) PUCCH resources in this group should be updated. To solve this issue, the following options can be considered.

[bookmark: _Hlk76395841]- Option 1: Allow a PUCCH resource group to have PUCCH resources associated with either two spatial relation infos or a single spatial relation info at a time. Specifically, 
· when a PUCCH resource configured as part of this PUCCH resource group is indicated (via MAC CE) two spatial relation info, then both spatial relation infos are used to also update the spatial relations of the other PUCCH resources in the group. And, thus, all the PUCCH resources of the group become associated with these two spatial relation infos.
· when a PUCCH resource configured as part of this PUCCH resource group is indicated (via MAC CE) a single spatial relation info, then this spatial relation info is used to also update the spatial relations of the other PUCCH resources in the group. And, thus, all the PUCCH resources of the group become associated only with this spatial relation info.

[bookmark: _Hlk76722516]- Option 2: A PUCCH resource group can be configured with PUCCH resources associated with two spatial relation infos and/or a single spatial relation info. In this case, 
· when a PUCCH resource configured as part of this PUCCH resource group is indicated (via MAC CE) two spatial relation infos: the first indicated spatial relation info (e.g. in the first spatial relation info ID field in MAC CE) is used in order to update the spatial relation of the PUCCH resources (in the group) having a single spatial relation; and both spatial relation infos are used to also update the spatial relations of the other PUCCH resources in the group.
· when a PUCCH resource configured as part of this PUCCH resource group is indicated (via MAC CE) a single spatial relation info: this spatial relation info is used in order to update the spatial relation of the PUCCH resources (in the group) having a single spatial relation as well as e.g. the first spatial relation of the PUCCH resources (in the group) having two spatial relations. 
 
- Option 3: A PUCCH resource is allowed to be configured in two PUCCH resource groups at a time. In this case, 
· [bookmark: _Hlk76724894]when a PUCCH resource configured as part of two PUCCH resource groups is indicated (via MAC CE) two spatial relation infos: the first indicated spatial relation info (e.g. in the first spatial relation info ID field in MAC CE) is used in order to update the spatial relation of the (other) PUCCH resources of one group, such as the group with lower/higher index; and the second indicated spatial relation info (e.g. in the second spatial relation info ID field in MAC CE) is used in order to update the spatial relation of the (other) PUCCH resources of the other group.
· when a PUCCH resource configured as part of two PUCCH resource groups is indicated (via MAC CE) a single spatial relation info: this indicated spatial relation info is used in order to update the spatial relation of the (other) PUCCH resources of one of the two groups, such as the group with lower/higher index.

It’s worth noting that the general idea of Option 3 was mentioned during the RAN1#105-e discussions (see FL summary R1-2106074), but the corresponding details haven’t been discussed.

Overall, we don’t have a strong preference on which option, among Options 1/2/3, should be adopted. In any case, we think that one of these options would be enough and no additional enhancements/optimizations would be needed.     

Proposal 8: For the impact of multi-TRP PUCCH schemes on PUCCH resource grouping, downselect one of the following options:
· Option 1: Allow a PUCCH resource group to have PUCCH resources associated with either two spatial relation infos or a single spatial relation info at a time. 
· When the PUCCH resource is indicated two spatial relation info, then both spatial relation infos are used to also update the spatial relations of the other PUCCH resources in the group.
· When the PUCCH resource is indicated a single spatial relation info, then this spatial relation info is used to also update the spatial relation of the other PUCCH resources in the group. Thus, all the PUCCH resources of the group become associated only with this spatial relation info.
· Option 2: A PUCCH resource group can be configured with PUCCH resources associated with two spatial relation infos and/or a single spatial relation info.
· When the PUCCH resource is indicated two spatial relation infos: the first indicated spatial relation info (e.g. in the first spatial relation info ID field in MAC CE) is used in order to update the spatial relation of the PUCCH resources (in the group) having a single spatial relation; and both spatial relation infos are used to also update the spatial relations of the other PUCCH resources in the group.
· When the PUCCH resource is indicated a single spatial relation info: this spatial relation info is used in order to update the spatial relation of the PUCCH resources (in the group) having a single spatial relation as well as e.g. the first spatial relation of the PUCCH resources (in the group) having two spatial relations. 
· Option 3: A PUCCH resource is allowed to be configured in two PUCCH resource groups at a time. 
· When the PUCCH resource configured is indicated two spatial relation infos: the first indicated spatial relation info (e.g. in the first spatial relation info ID field in MAC CE) is used in order to update the spatial relation of the (other) PUCCH resources of one group, e.g. the group with lower/higher index; and the second indicated spatial relation info is used in order to update the spatial relation of the PUCCH resources of the other group.
· When the PUCCH resource is indicated a single spatial relation info: this spatial relation info is also used in order to update the spatial relation of the other PUCCH resources of one of the two groups, e.g. the group with lower/higher index.

2.2.2.2   Maximum number of power control parameters sets

On multi-TRP PUCCH operation in FR1, the following agreement was reached in RAN1#104bis-e:

	Agreement
For the case of multi-TRP, to support per-TRP power control in FR1, the linking of PUCCH resource with [one or] two power control parameter sets, the following is supported
· MAC-CE indicates RRC IE that configures power control parameter sets (p0, pathloss RS ID, and a closed-loop index).
· The exact design of RRC IE is up to RAN2 but from RAN1 point of view, one possible example is to reuse PUCCH-SpatialRelationInfo except for the referenceSignal 
Note: It is common understanding in RAN1 that one PUCCH resource can be linked to one power control parameter set.



Considering the above agreement, for the multi-TRP PUCCH operation in FR1, one aspect that would need to be decided is about the maximum number of power control parameters sets that can be configured, as this may impact the design of MAC CE to use for the activation/indication of one/two power control parameters sets. It’s not fully clear whether RAN1 should discuss this aspect and provide at least a suggestion to RAN2, or whether this should be fully left up to RAN2. Since this is mostly a RAN2 aspect, an LS could be sent to RAN2 containing all RAN1 agreements on multi-TRP PUCCH operation in FR1 related to RAN2 work. RAN1 could also provide a suggestion to RAN2 on the maximum number of power control parameters sets, such as allowing up to 8 sets to be configured which seems enough.

Proposal 9: For multi-TRP PUCCH operation in FR1, send an LS to RAN2, containing all corresponding RAN1 agreements related to RAN2 work, mainly regarding the maximum number of power control parameters sets that should be allowed to be configured. RAN1 can suggest that a maximum number of 8 power control parameters sets would be enough.


[bookmark: _Hlk528168953]2.3 	PUSCH enhancements with multi-TRP
2.3.1 	Switching between M-TRP and S-TRP, and switching TRP(s) order
The Working Assumption on dynamic switching between S-TRP and M-TRP, and the dynamic switching of TRP(s) order was confirmed in RAN1#105-e as follows:

	Agreement
Confirm the Working Assumption (with supporting two bits for the new field). 
· For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition, 
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation. 
· The new field is 2 bits



On the interpretation of the new DCI field for dynamic switching, the following was agreed in RAN1#105-e:

	Agreement
For the new field in the DCI for dynamic switching, support Alt.1 (modified).
Alt.1
· Support 2 bits with the following combinations. 
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

	11
	m-TRP mode with (TRP2,TRP1 order)
[bookmark: _Hlk76729714]1st SRI/TPMI field: FFS
2nd SRI/TPMI field: FFS
	Both 1st and 2nd SRI/TPMI fields


· The SRS resource set with lower ID is the first SRS resource set, and the other SRS resource set is the second SRS resource set. 
· For codebook and non-codebook usage, respectively



As can be seen from the above agreement, one remaining open point is on the interpretation of codepoint ‘11’. In our view, the following interpretation should work:
· [bookmark: _Hlk76730214]1st SRI/TPMI field: 2nd SRS resource set
· 2nd SRI/TPMI field: 1st SRS resource set

Considering the above interpretation, some conditions would be required if the number of SRS resources is allowed to be different between the two SRS resource sets. This is because the number of layers is only provided by the first TPMI field for CB mode and the first SRI field for NCB mode, as already agreed in previous RAN1 meetings. To avoid further discussions on this aspect, and to make things simple, it should be fine to only support the case where the same number of SRS resources is configured for each of the two SRS resource sets – where this was listed under Alt.1 in the related RAN#105-e discussions. 

Proposal 10: For dynamic switching of TRPs order, adopt the following interpretation of codepoint ‘11’:
· 1st SRI/TPMI field: 2nd SRS resource set
· 2nd SRI/TPMI field: 1st SRS resource set

Proposal 11: For multi-TRP PUSCH repetition operation, the same number of SRS resources shall be configured for each of the two SRS resource sets.

2.3.2 	Multi-TRP PUSCH power control
2.3.2.1   	Default power control parameters when a single SRS resource is configured per SRS resource set 
In RAN1#105-e, for M-TRP PUSCH schemes, the use of default power control parameters when a single SRS resource is configured per SRS resource set was agreed to be supported, where three alternatives are still on the table. The corresponding agreement from RAN1#105-e is copied below.

	[bookmark: _Hlk76383610]Agreement
For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), default P0, alpha, PL-RS, and closed loop index is defined per TRP. Select one from the following in RAN1 #106-e meeting,
· Alt.1   
· The first P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the first SRS resource set.
· The second P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the second SRS resource set.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2. 
· Alt.2  
· The first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.
· Alt.3  
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControlassociated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.



In general, it’s preferable that the method to be adopted for determining default power control parameters does not mandate the network to use two different closed-loop indices – as also mentioned by a few companies during the RAN1#105-e discussions (see FL summary R1-2106074). In that regard, Alt.1 would be preferable compared to Alt.2. On the other side, Alt.3 is a combination of Alt.1 and Alt.2, where the selection between these two alternatives depends on whether enablePL-RS-UpdateForPUSCH-SRS is provided.

[bookmark: _Hlk76741576]Recall that if the UE is provided enablePL-RS-UpdateForPUSCH-SRS, a mapping between sri-PUSCHPowerControlId and PUSCH-PathlossReferenceRS-Id values can be updated by MAC CE. This is another reason to not support Alt.2 as it doesn’t tie the determination of default power control (when one SRS resource per SRS resource set is configured) to sri-PUSCHPowerControlId. On the other hand, even if the UE is not provided enablePL-RS-UpdateForPUSCH-SRS, Alt.1 could still be used. 

Therefore, based on the above observations, Alt.1 is enough and can be supported.

Proposal 12: For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), default P0, alpha, PL-RS, and closed loop index is defined per TRP based on the following alternative:
· Alt.1:  
· The first P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the first SRS resource set.
· The second P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the second SRS resource set.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2. 

2.3.2.2   Pathlosses determination when UE is not provided pathloss reference RSs
The pathloss reference RS (reference signal), i.e. pathlossReferenceRS, is used to calculate the pathloss value for PUCCH power control – as described in TS 38.213. When the UE is not provided pathlossReferenceRSs, the existing procedures allow the UE to determine a single RS resource to be used for the calculation of pathloss value for PUCCH power control, where this is designed for the single TRP case. 

Considering the support of multi-TRP PUCCH repetition/transmission in Rel-17 feMIMO, where there would be two TRPs towards which the UE is repeating/transmitting the PUCCH, determining a single RS resource is not sufficient anymore to support separate power control. Specifically, if not provided pathlossReferenceRSs, the UE would need to determine two RS resources to be used for the calculation of two pathloss values to accommodate the presence of two different TRPs/links that could have a significant difference in their respective pathloss. 

Based on the above observations, it should be defined how to enable the UE, in case not provided pathlossReferenceRSs, to determine two RS resources for the calculation of two different pathloss values for multi-TRP PUCCH schemes. In our view, such determination would depend on the TRP scheme in downlink (e.g. multi-TRP or single-TRP) and would be based on TCI state or QCL assumption of at least one CORESET and/or TCI states of PDSCH.

Proposal 13: For multi-TRP PUCCH schemes, if the UE is not provided pathlossReferenceRSs, 
define how to enable the UE to determine two RS resources needed to calculate two pathloss values for PUCCH power control considering different aspects/parameters such as the single/multi-TRP scheme used in downlink.

2.3.2.3   Impact on PHR triggering and reporting
Regarding the impact of multi-TRP PUSCH repetition operation on PHR triggering and reporting, the following agreement listing four options was agreed in RAN1#104bis-e: 
	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 



In RAN1#105, the above options have been further discussed with a special focus on Option 4, where the following was noted by the Moderator (R1-2106074):

	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.



First, it should be clarified whether the intention is to keep only one PHR triggering in a cell or not – where this is related to FFS3 above. Although we don’t have a strong view, having a single PHR triggering per cell would be acceptable and would potentially minimize required changes on the existing triggering operation.

On the listed options above, Option 1 and Option 5 are restrictive as basically always the PHR associated with the first PUSCH occasion would be calculated and reported. In addition, compared to Option 4, Option 2 has less overhead, but less PH related information is provided to the network as only one PHR is reported (in a cell). Since the majority of companies showed preference towards Option 4 (as the network is provided with PHR information for both links), in the following we focus the discussion on this option – while noting that we would also still be fine with Option 2 as discussed in our previous Tdoc R1-2105274. 

Option 4 would require some changes on the existing MAC CE design as two PHRs are reported. Also, in addition to the two PHRs, the UE would potentially also need to report their corresponding PCMAX, P-MPR use, MPE (if such reporting is configured). Some further design details for Option 4 are discussed below:

· Regarding FFS1 above, it would be preferrable to have both PHRs calculated as actual PHRs. Note that in the RAN1-105-e discussions (see R1-2106074), some companies commented that these options may not be feasible as at the time of transmission and determination of PHR MAC-CE, the actual PHR value for later PUSCH repetition (including back-off / MPR values) are not known yet. In our view, this is not really a problem as the MPR/P-MPR and other parameters impacting the PHR/PH wouldn’t typically change much (if any) over a very short period of time (i.e. within a slot or over a couple of slots). Hence, if reported, the PHR value for later PUSCH repetition which is calculated at the time of transmission and determination of PHR MAC-CE would still be accurate and useful for the network.

· [bookmark: _Hlk76836251]Regarding FFS2, based on the existing specs for the UL CA case, if the UE provides PHR in a PUSCH in a slot on a first serving cell and this slots overlaps with multiple slots on a second serving cell, the UE provides PHR also for the first PUSCH on the first slot of the multiple slots that overlaps with the slot on the first serving cell. Considering now that the first serving cell contains multi-TRP PUSCH repetition operation which is used to report PHRs, then the UE would provide PHR also for the first PUSCH on the first slot of the multiple slots that overlaps with the slot containing the first multi-TRP PUSCH repetition on the first serving cell. In other words, for the UL CA case, similar rule as the current specs could also be adopted considering the multi-TRP PUSCH context. 

Observation 2: The MPR/P-MPR and other parameters impacting the PHR/PH wouldn’t typically change much (if any) over a very short period of time (i.e. within a slot or over a couple of slots). Hence, if reported, the PHR value for later PUSCH repetition which is calculated at the time of transmission and determination of PHR MAC-CE would still be accurate and useful for the network.

Proposal 14: For multi-TRP PUSCH repetition operation where two sets of power control parameters are provided, adopt Option 4 for the PHR triggering and reporting as follows:
· A single PHR triggering and reporting in a cell is configured. 
· When PHR is triggered, the UE calculates two actual PHRs, each associated with a first PUSCH occasion to each TRP, and reports the two PHRs. The UE also reports their corresponding PCMAX , P-MPR use, MPE (if such reporting is configured).
· For the UL CA case, adopt similar rules as the current specs (designed for the single-TRP case) also for the multi-TRP PUSCH context. 
· Assuming that the first serving cell contains multi-TRP PUSCH repetition operation which is used to report PHRs: if the UE provides PHRs in a PUSCH in a slot on this serving cell and this slots overlaps with multiple slots on a second serving cell, the UE provides PHR also for the first PUSCH on the first slot of the multiple slots that overlaps with the slot on the first serving cell.

2.3.3 	 Multi-TRP CG PUSCH enhancements
2.3.3.1   Required changes on configured grant 
In RAN1#104bis-e, the following agreement was made regarding the multi-TRP CG PUSCH repetition operation:
	Agreement
For type 1 or type 2 CG based multi-TRP PUSCH repetition, 
· Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ 
· For type 1 CG based m-TRP PUSCH repetition, introduce the second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant'.
· For type 2 CG based M-TRP PUSCH, two SRIs/TPMIs are indicated via the activating DCI.
· [bookmark: _Hlk70786087]FFS1: UL PT-RS port(s) and DM-RS port(s) for CG type 1
· FFS3: Details on RV mapping. 
· FFS4: Possible transmission occasion for initial transmission
· FFS5: Other TRP specific parameters in 'rrc-ConfiguredUplinkGrant', e.g., 'dmrs-SeqInitialization'.



In RAN1#105-e, for Type-2 CG PUSCH the following was agreed:

	Agreement
For type 2 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.
· Applying the first, second, or both first and second RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ is determined from the new DCI field (for dynamic switching) of the activating DCI similar to the case of DG-PUSCH.



First, it’s worth recalling that a single CG configuration is supported for the multi-TRP CG PUSCH repetition operation. In the following, we discuss some of the open points related to the agreements copied above.

RV mapping and transmission occasions:

This aspect has been partially discussed in RAN1#105-e, but without reaching a consensus. The option that received the support of the large majority of companies is as follows (see FL summary R1-2106075):
· The configured RV sequence (via “repK-RV”) is applied separately for PUSCH repetitions corresponding to the first TRP and the second TRP.	FFS: whether to introduce an RV offset for the starting RV corresponding to the second TRP (similar to the case of dynamic multi-TRP PUSCH repetition).

On whether to introduce an RV offset for the starting RV corresponding to the second TRP, we don’t have a strong opinion. Overall, we think that having such an offset would offer some flexibility in the RV mapping configuration for the CG PUSCH, so it would be OK to allow configuring this offset. It’s worth recalling that based on the existing specifications (for the single TRP case), one of the following RV sequences can be configured per CG configuration: {0,0,0,0}, {0,3,0,3}, {0,2,3,1}.

Based on the above observations, we propose:

Proposal 15: For the multi-TRP CG PUSCH repetition operation, 
· One of these RV sequences ({0,0,0,0}, {0,3,0,3}, {0,2,3,1}) can be configured. 
· The configured RV sequence is applied separately for PUSCH repetitions using two different SRIs/TRPs, with a possibility of configuring an offset for the starting redundancy version corresponding to the second SRI/TRP.

One aspect specific for the CG PUSCH operation is that, the PUSCH occasion where the UE can start the repetition of a transport block depends on:
· (i) the data arrival time and thus the delivery of the transport block from MAC to PHY, and 
· (ii) the RV associated with the PUSCH occasion if RV sequence {0,3,0,3} or {0,2,3,1} is configured. 

Obviously, the data arrival time can lead to a reduced number of PUSCH repetitions as the UE may not be able to start the repetition operation from the first PUSCH occasion of the bundle of CG PUSCH resources. On (ii), for the single TRP case, the existing specifications (TS 38.214) specify that a UE can start the CG repetition operation only at a PUSCH occasion with RV 0. In other words, PUSCH occasions with RVs other than 0 cannot be used to start the repetition operation; if the sequence {0,0,0,0} is configured, the UE can start the repetition operation at any PUSCH occasion. Hence, this can also lead to a reduced number of PUSCH repetitions that can be transmitted, thus impacting the reliability (and potentially also the latency) performance, especially that RV sequences {0,3,0,3} and {0,2,3,1} are more typical to configure as they are better than the sequence {0,0,0,0} from reliability perspective; note that {0,2,3,1} is better than {0,3,0,3} in that regard.

Adding the multi-TRP aspect, where the configured RV sequence would potentially be applied separately for the PUSCH occasions associated with different TRPs, one can notice that the above issue can be even more problematic, depending e.g. on the beam mapping, the configured RV sequence, and data arrival time. Specifically, there can be cases where in addition to having a reduced number of repetitions due the different aspects explained above, this reduction may be corresponding to one TRP towards which the UE may then have one or zero PUSCH repetitions transmitted. This obviously further increases the negative impact on reliability (and thus potentially on latency), particularly in FR2 where spatial diversity is important to combat blockage. 

To illustrate the issue described above, two examples are provided in Figures 1 and 2.


Figure 1: Example illustrating the negative impact that the RV related operation could have on M-TRP CG PUSCH reliability. 



Figure 2: Example illustrating the negative impact that the RV related operation could have on M-TRP CG PUSCH reliability. 

Therefore, it should be discussed how the multi-TRP CG PUSCH repetition can be improved considering mainly the RV operation for the two TRPs, in such a way to improve the reliability performance by essentially enabling enough/more PUSCH occasions that could be used as PUSCH repetitions – where these PUSCH occasions should potentially be associated with different TRPs.

Proposal 16: For the multi-TRP CG PUSCH repetition operation, support enhancement on starting RV per TRP to enable reception of sufficient number of PUSCH repetitions at each TRP. 

2.3.4   Other multi-TRP PUSCH enhancements
2.3.4.1   SP-CSI scheduled on PUSCH
In RAN1#105-e, the agreement to support A-CSI multiplexing on PUSCH considering the multi-TRP PUSCH repetition operation was finalized, and the following agreement for SP-CSI was made:
	Agreement 
[bookmark: _Hlk76377466]For SP-CSI report on mTRP PUSCH repetition Type A and B activated by a DCI, further study the use of a similar mechanism to A-CSI multiplexing on M-TRP PUSCH without a TB, which includes the following,
· When SP-CSI multiplexed on m-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.
· Reuse similar conditions (e.g. UCIs other than the A-CSI are not multiplexed, same number for first actual repetitions, the content of the CSI is the same) to support SP-CSI multiplexing on m-TRP PUSCH as defined in A-CSI multiplexing on M-TRP PUSCH.



First, we note that our preference was to not support any specific multi-TRP PUSCH enhancements for SP-CSI scheduled/activated on PUSCH, especially that this is possible for A-CSI scheduled on PUSCH; i.e. if it wishes to have multi-TRP PUSCH repetition for CSI, the network could still rely on A-CSI. 

Anyhow, based on the above agreement, the SP-CSI multiplexing on PUSCH considering the multi-TRP PUSCH repetition operation is essentially now agreed. And the open point still is mainly whether to use similar mechanism as for A-CSI. In our view, it’s reasonable to adopt similar mechanism for SP-CSI and A-CSI without a TB, and thus the two bullet-points capturing the details for SP-CSI based on the agreed A-CSI design can be supported. It’s worth recalling that SP-CSI is not expected to be multiplexed with UL data, i.e. there is no TB. Therefore, we propose the following:
Proposal 17: For SP-CSI report on M-TRP PUSCH repetition Type A and B activated by a DCI: 
· When SP-CSI multiplexed on M-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.
· The UE is expected to follow the above operation for transmitting SP-CSI on two PUSCH repetitions if:
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and Type B, UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions.

2.3.4.2   PUSCH overlapping with PUCCH carrying CSI and/or HARQ-ACK
For the scenarios where a PUSCH transmission (including multiple repetitions) overlaps with a PUCCH carrying CSI and/or HARQ-ACK (over a single slot), based on the existing handling rules in TS 38.213 Sec. 9, we have:
· For PUSCH repetition Type A: given that the multiplexing conditions are satisfied, the CSI and/or HARQ-ACK are multiplexed on each PUSCH repetition that overlaps with the PUCCH carrying CSI and/or HARQ-ACK.
· For PUSCH repetition Type B: given that the multiplexing conditions are satisfied, the CSI and/or HARQ-ACK are multiplexed on the earliest actual PUSCH repetition that overlaps with the PUCCH transmission and that includes more than one symbol.

Considering the multi-TRP PUSCH repetition operation, we don’t see any strong need to support enhancements on the above handling rules for scenarios where at least one PUSCH repetition overlaps with a PUCCH carrying CSI and/or HARQ-ACK. Actually, if it wishes to guarantee the reliability of HARQ-ACK initially scheduled on PUCCH, the network can simply schedule e.g. a multi-TRP PUCCH repetition scheme for the transmission of this HARQ-ACK. And if any of the PUCCH repetition overlaps with a PUSCH transmission (in case of same PHY priority), based on the existing handling rules the PUCCH is prioritized and the PUSCH is dropped. 

Proposal 18: For multi-TRP PUSCH repetition operation, do not support multi-TRP PUSCH enhancements specific for handling the scenarios where at least one of the PUSCH repetitions overlaps with a PUCCH carrying CSI and/or HARQ-ACK.


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.
PDCCH enhancements:
Proposal 1: Support S-TRP PDCCH repetition based on M-TRP PDCCH repetition framework with two linked SS sets are associated with one CORESET. 

Observation 1: For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, the UE reporting more numbers as required number of BDs for the two PDCCH candidates is not required and such enhancements adding more specification effort without clear benefits.  

Proposal 2: 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 the following:
· Alt1: The candidate that starts later in time

Proposal 3: For a UE supporting reception with two different beams, enhance existing QCL-TypeD priority rules for overlapping CORESETs. Select one from the following, 
· Option 1: select two QCL-TypeD based on extended Rel-15/16 mechanism by conditioning the selection of second QCL-TypeD to linking of CORESETs. 
· Option 2: select two QCL-TypeD based on extended Rel-15/16 mechanism without any consideration of linking of CORESETs. 

Proposal 4: 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, for the purpose of BD counting and interpretation of a detected DCI, select Option 1: 
· Option 1: The individual candidate is not counted for monitoring 
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).

Proposal 5: 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 Option 1. 
· 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 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 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

PUCCH enhancements:
Proposal 6: RAN1 shall further discuss the remaining details of the multi-TRP intra-slot repetition scheme (i.e. Scheme 3) taking into account the sub-slot configuration design details once agreed under IIoT/eURLLC WI. 

Proposal 7: Support dynamic switching between the different multi-TRP PUCCH schemes.
· FFS the details on how to achieve such dynamic switching/change of multi-TRP PUCCH scheme. 

Proposal 8: For the impact of multi-TRP PUCCH schemes on PUCCH resource grouping, downselect one of the following options:
· Option 1: Allow a PUCCH resource group to have PUCCH resources associated with either two spatial relation infos or a single spatial relation info at a time. 
· When the PUCCH resource is indicated two spatial relation info, then both spatial relation infos are used to also update the spatial relations of the other PUCCH resources in the group.
· When the PUCCH resource is indicated a single spatial relation info, then this spatial relation info is used to also update the spatial relation of the other PUCCH resources in the group. Thus, all the PUCCH resources of the group become associated only with this spatial relation info.
· Option 2: A PUCCH resource group can be configured with PUCCH resources associated with two spatial relation infos and/or a single spatial relation info.
· When the PUCCH resource is indicated two spatial relation infos: the first indicated spatial relation info (e.g. in the first spatial relation info ID field in MAC CE) is used in order to update the spatial relation of the PUCCH resources (in the group) having a single spatial relation; and both spatial relation infos are used to also update the spatial relations of the other PUCCH resources in the group.
· When the PUCCH resource is indicated a single spatial relation info: this spatial relation info is used in order to update the spatial relation of the PUCCH resources (in the group) having a single spatial relation as well as e.g. the first spatial relation of the PUCCH resources (in the group) having two spatial relations. 
· Option 3: A PUCCH resource is allowed to be configured in two PUCCH resource groups at a time. 
· When the PUCCH resource configured is indicated two spatial relation infos: the first indicated spatial relation info (e.g. in the first spatial relation info ID field in MAC CE) is used in order to update the spatial relation of the (other) PUCCH resources of one group, e.g. the group with lower/higher index; and the second indicated spatial relation info is used in order to update the spatial relation of the PUCCH resources of the other group.
· When the PUCCH resource is indicated a single spatial relation info: this spatial relation info is also used in order to update the spatial relation of the other PUCCH resources of one of the two groups, e.g. the group with lower/higher index.
Proposal 9: For multi-TRP PUCCH operation in FR1, send an LS to RAN2, containing all corresponding RAN1 agreements related to RAN2 work, mainly regarding the maximum number of power control parameters sets that should be allowed to be configured. RAN1 can suggest that a maximum number of 8 power control parameters sets would be enough.


PUSCH enhancements:
Proposal 10: For dynamic switching of TRPs order, adopt the following interpretation of codepoint ‘11’:
· 1st SRI/TPMI field: 2nd SRS resource set
· 2nd SRI/TPMI field: 1st SRS resource set

Proposal 11: For multi-TRP PUSCH repetition operation, the same number of SRS resources shall be configured for each of the two SRS resource sets.

Proposal 12: For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), default P0, alpha, PL-RS, and closed loop index is defined per TRP based on the following alternative:
· Alt.1:  
· The first P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the first SRS resource set.
· The second P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the second SRS resource set.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2. 

Proposal 13: For multi-TRP PUCCH schemes, if the UE is not provided pathlossReferenceRSs, 
define how to enable the UE to determine two RS resources needed to calculate two pathloss values for PUCCH power control considering different aspects/parameters such as the single/multi-TRP scheme used in downlink.

Observation 2: The MPR/P-MPR and other parameters impacting the PHR/PH wouldn’t typically change much (if any) over a very short period of time (i.e. within a slot or over a couple of slots). Hence, if reported, the PHR value for later PUSCH repetition which is calculated at the time of transmission and determination of PHR MAC-CE would still be accurate and useful for the network.

Proposal 14: For multi-TRP PUSCH repetition operation where two sets of power control parameters are provided, adopt Option 4 for the PHR triggering and reporting as follows:
· A single PHR triggering and reporting in a cell is configured. 
· When PHR is triggered, the UE calculates two actual PHRs, each associated with a first PUSCH occasion to each TRP, and reports the two PHRs. The UE also reports their corresponding PCMAX , P-MPR use, MPE (if such reporting is configured).
· For the UL CA case, adopt similar rules as the current specs (designed for the single-TRP case) also for the multi-TRP PUSCH context. 
· Assuming that the first serving cell contains multi-TRP PUSCH repetition operation which is used to report PHRs: if the UE provides PHRs in a PUSCH in a slot on this serving cell and this slots overlaps with multiple slots on a second serving cell, the UE provides PHR also for the first PUSCH on the first slot of the multiple slots that overlaps with the slot on the first serving cell.

Proposal 15: For the multi-TRP CG PUSCH repetition operation, 
· One of these RV sequences ({0,0,0,0}, {0,3,0,3}, {0,2,3,1}) can be configured. 
· The configured RV sequence is applied separately for PUSCH repetitions using two different SRIs/TRPs, with a possibility of configuring an offset for the starting redundancy version corresponding to the second SRI/TRP.

Proposal 16: For the multi-TRP CG PUSCH repetition operation, support enhancement on starting RV per TRP to enable reception of sufficient number of PUSCH repetitions at each TRP. 

Proposal 17: For SP-CSI report on M-TRP PUSCH repetition Type A and B activated by a DCI: 
· When SP-CSI multiplexed on M-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.
· The UE is expected to follow the above operation for transmitting SP-CSI on two PUSCH repetitions if:
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and Type B, UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions.

Proposal 18: For multi-TRP PUSCH repetition operation, do not support multi-TRP PUSCH enhancements specific for handling the scenarios where at least one of the PUSCH repetitions overlaps with a PUCCH carrying CSI and/or HARQ-ACK.
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