[bookmark: _Hlk498518780][bookmark: _Hlk525723053]3GPP TSG RAN WG1 #106-bis-e Meeting	R1-2109871
e-Meeting, October 11th – 19th, 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  PDSCH Mapping Type B
In RAN1#105-e, for the purpose of the earliest time that the PDSCH can be scheduled and identifying the reference symbol for SLIV, the following was agreed as the reference:
	Agreement
Among the two Alts in RAN1 #104b-e agreement on PDSCH mapping Type B, support Alt1 (The candidate that starts later in time).


   
With respect to the determination of  (additional processing time), the following working assumption was made during RAN1#106-e:
	Working Assumption
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.
FFS: How above applies for UEs doing soft combining


 
According to above working assumption, Option 2 covers the case where both candidates (later and earlier) are overlapping with PDSCH with different symbols, where the PDCCH candidate that results in a larger d1,1 value is selected for determining the d1,1 for PDSCH processing time. Several companies were suggesting other approaches such as Option 3 and Option 4, where those options somewhat reflecting a larger PDSCH processing time (only in some cases) with overlapping PDCCH candidates. Overall, there were several ambiguities on exact details of option 3 and 4. We do not think it is wise to open that discussion again and suggest confirming the working assumption. 

On the first FFS item “Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.”: We do not think any relaxation of processing time for other cases is needed and soft combining is something that shall be considered within a decoding attempt. From our perspective, soft combining is not adding extra delays on decoding as most of the decoding latencies are associated with the decoding steps, not with the LLR combining at the inputs of the decoder. 
On the second FFS item “How above applies for UEs doing soft combining” : We do not think this is in line with the earlier agreement on different BD count capability reporting, where we only agreed to support reporting of different number of candidate BD numbers (2 BDs, 3 BDs). Those numbers were not associated to any particular decoding assumptions at the UE. 
Proposal 1: Confirm the following working assumption: 
· If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
  
2.1.2  The cases related to dropping linked candidates
In RAN1#105-e, the following was agreed on the monitoring when one of the linked candidates is dropped:
	Agreement
For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped)
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· At least the following Rel. 15/16 rules are applicable for this purpose:
· Case 1: Overlap with SSB
· Case 2: Overlap with rate matching resources: RateMatchPattern, lte-CRS-ToMatchAround, or LTE-CRS-PatternList-r16, availableRB-SetPerCell-r16
· Case 3: Due to TDD DL/UL related conflicts: Overlap with semi-static / dynamic UL symbols or overlap with PRACH
· FFS: Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· FFS: Case 6: Overlap with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE
· Other cases are not precluded
· This does not impact the BD count for both dropped and non-dropped PDCCH candidates


 
As agreed, if we have one monitored candidate among 2 PDCCH candidates, e.g. the dropping can happen due to Case 1, 2 and 3, the remaining candidates can be monitored by selective decoding. 
On the FFS point “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” : The specification text in Rel-15 on this as follows, 

	If a UE is provided DownlinkPreemption, the UE is configured with an INT-RNTI provided by int-RNTI for monitoring PDCCH conveying DCI format 2_1 [5, TS 38.212]. The UE is additionally configured with
-	a set of serving cells by int-ConfigurationPerServingCell that includes a set of serving cell indexes provided by corresponding servingCellId and a corresponding set of locations for fields in DCI format 2_1 by positionInDCI
-	an information payload size for DCI format 2_1 by dci-PayloadSize
-	an indication granularity for time-frequency resources by timeFrequencySet
If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols that are indicated by the DCI format 2_1, from a set of PRBs and a set of symbols of the last monitoring period. The indication by the DCI format 2_1 is not applicable to receptions of SS/PBCH blocks. 



As “a set of PRBs and a set of symbols” are referred from the last monitoring period, the UE monitoring PDCCH candidates may not be impacted. Therefore, it is not required to include Case 6 in the agreement. 

On the FFS point concerning QCL-TypeD prioritization, our preference is to select both linked candidates for monitoring without dropping when they are associated with the CORESETs having different QCL-TypeDs. However, this dropping or not may depend on the outcome of prioritization rule discussion in section 2.1.4. With Alt.1 (our preference in section 2.1.4), there may some instances that QCL prioritization may result dropping of a linked candidate. 

Proposal 2: For Case 4 (assuming an enhanced QCL-TypeD prioritization rule among CORESETs associated with linked candidates), there may be alternatives that result one linked candidate get dropped. RAN1 come back to this discussion when the QCL-TypeD prioritization rule is agreed. 

Proposal 3: For 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), the UE can monitor both linked candidates. 

2.1.3  Overbooking
In RAN1#105-e, the following was agreed on the overbooking:
	Agreement 
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select one Alt for each of Case 1 and Case 2 in RAN1 #106-bis-e:
· Case 1: 2 BDs are counted for two linked candidates:
· Alt1: No change (use existing spec)
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-1: The third BD is counted as a virtual SS set (i.e., the virtual SS set for the third BDs is dopped before dropping the linked SS sets).
· Alt1-2: The third BD is counted as part of the SS set with higher ID.
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· FFS: Inter-span PDCCH repetition for r16monitoringcapablity.



For overbooking in the PCell for USS with two linked SS sets in the same slot/span, if the UE reported a capability of 2 BDs for linked candidates, it should be easier to count 1 BD per each linked SS set without any other complicated design proposed in Alt.2. With Alt.1, there may be a scenario that one linked SS set is dropped when that SS set is associated with a higher SS set ID, however this should not be a significant issue as the network can always assign a lower SS set IDs for PDCCH repetition (if needed) by the configuration such that dropping of the SS set may not happen often. 

For the same scenario of overbooking, if the UE reports a capability of 3 BDs for PDCCH repetition, RAN1 discussed three alternatives, Alt1-1, 1-2, and 2, where Alt1-2 seems to be the most attractive option considering the less complicated solution. In Alt1-2, the BDs are divided as 1 + 2 approach among the linked SS sets, and the linked SS set with higher ID counting 2 BDs. On the other hand, Alt1-1 seems complicated as it introduces a virtual SS set for third BD and no added benefit can be identified to introduce such a virtual SS set. The last alternative, Alt-2, considers linked SS set pair together which deviate from legacy procedure of BD counting across SS sets. In an overbooking scenario, it is unclear that the priority shall be given always to the PDCCH repetition as in some cases possibility of decoding individual PDCCH candidates may also be important. Therefore, we do not think Alt-2 is beneficial all the time. 

Proposal 4: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select the following alternatives for each of Case 1 and Case 2:
· Case 1: 2 BDs are counted for two linked candidates:
· Alt1: No change (use existing spec)
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-2: The third BD is counted as part of the SS set with higher ID.

2.1.4  Determination of two QCL-TypeD
In RAN1#105-e, the following was agreed on determination of two QCL-TypeDs:
	Agreement
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, down-select from the following Alts in RAN1 #106-bis-e:
· Alt1: Identify the two QCL-Type D properties based on legacy priority order.
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· FFS: The case of no such SS set pair
· Alt3: Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· Priority order: SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID
· Linked SS set has higher priority than individual SS set
· FFS: The case that the first QCL-TypeD is from unlinked CSS
· FFS: The case of no linked SS sets among the multiple overlapping CORESETs



In Alt1, in order to support PDCCH repetition with two different QCL-TypeDs in overlapping monitoring occasions of CORESETs, gNB may have to consider a proper RRC configuration for SS Set linking,  CORESET configuration, and TCI state activation such that the Alt1 (extending legacy procedure) results in a selection of two different QCL-TypeDs that are matching with the QCL-TypeDs used for PDCCH repetition. 
Compared to Alt1, Alt2 provides more flexibility on supporting PDCCH repetition with two different QCL-TypeDs in overlapping monitoring occasions, where second QCL-TypeD is selected from the CORESETs that having a linking with the CORESETs of first QCL-TypeD. 
In Alt3, the priority is given to the linked SS sets and the selection of two QCL-TypeDs are only valid when there is at least one linked SS set pair in the overlapping monitoring occasions. 
Overall, any of the above alternatives may work for PDCCH repetition. However, as Alt1 allows the selection of two QCL-TypeDs without fully relying on configuration of PDCCH repetition, we think it is more suitable for selecting two QCL-TypeDs. 
Proposal 5: For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, support
· Alt1: Identify the two QCL-Type D properties based on legacy priority order.

2.1.5  PDCCH repetition for CSS & PDCCH order
In RAN1#105-e, the following agreement on supporting repetition for Type3 CSS was made:
	Agreement
For PDCCH repetition in Rel. 17, study the following aspects:
· Whether/how to support PDCCH repetition for Type0/0A/1/2 CSS
· Whether to support PDCCH order transmitted with PDCCH repetitions with different beams triggering CFRA for SpCell, and if it is supported how to determine the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH.



As Type0-PDCCH CSS set is configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon, there is no other Type0-PDCCH CSS set corresponding to another CORESET. Therefore, it is not feasible to introduce PDCCH repetition for Type0 CSS without extending basic configuration parameters. 
The Type0A-PDCCH CSS set is configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon, and only one SSSet ID can be assigned for that as well. We do not think extending PDCCH repetition for Type0A CSS by changing the searchSpaceOtherSystemInformation is needed. Similarly, Type1-PDCCH CSS set is configured by ra-SearchSpace in PDCCH-ConfigCommon and only one SS Set ID can be used for ra-SearchSpace. Type2-PDCCH CSS set is used for paging and it is configured by pagingSearchSpace in PDCCH-ConfigCommon where only one SS set ID can be added there. Overall, we do not think any of these Type0/0A/1/2 CSS shall support PDCCH repetition. 
Proposal 6: Do not support PDCCH repetition for Type0/0A/1/2 CSS.
On the “Whether to support PDCCH order transmitted with PDCCH repetitions with different beams triggering CFRA for SpCell, and if it is supported how to determine the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH.”: This kind of PDCCH order is triggered by the network in case of a loss of uplink synchronization for the UE. Here, the SSB index on which the PRACH is to be transmitted is indicated in the PDCCH and there certain considerations on QCL assumption with respect to detecting DCI format 1_0 due to the reception of PDCCH order. Compared to the impact to the specs, the benefit of extending PDCCH repetition towards PDCCH order is not fully clear. We suggest closing that discussion without supporting PDCCH repetition for PDCCH order. 
Proposal 7: Do not support PDCCH order with PDCCH repetitions with different beams. 

2.2 	PUCCH enhancements with multi-TRP

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).

2.2.1	Remaining details for 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. 



As can be seen in the highlighted part of the above agreement, it was noted that at least some design details for Scheme 3 can be borrowed from the Rel-17 eIIoT/eURLLC sub-slot based PUCCH repetition operation. In RAN1#106-e, the following agreement was made under Rel-17 eIIoT/eURLLC WI concerning the sub-slot based PUCCH repetition for HARQ-ACK:

	Agreement 
For sub-slot based PUCCH repetition for HARQ-ACK, semi-static configured PUCCH repetition (i.e. using nrofSlots) and dynamic repetition factor based operation is supported. 
· Sub-slot based PUCCH repetition based on semi-static configuration (i.e. using nrofSlots) and based on dynamic indication is subject to separate UE capabilities


 
With the above agreement, the sub-slot based PUCCH repetition operation would basically be the slot based PUCCH repetition operation but applied on a sub-slot level. Specifically, the repetition factor for sub-slot PUCCH repetition operation would have the same range as that for nrofSlots, i.e. {2, 4, 8}. In addition, the sub-slot based PUCCH repetition may be across slots in some cases. 
These design details could thus be used for Scheme 3, meaning that, similar to what was agreed for the sub-slot based PUCCH repetition with respect to the slot based PUCCH repetition operation, for Scheme 3 we can essentially adopt a similar/same operation as for Scheme 1 but on a sub-slot level.

Observation 1: For the multi-TRP intra-slot PUCCH repetition scheme (i.e. Scheme 3), the same framework as for the multi-TRP inter-slot PUCCH repetition scheme (i.e. Scheme 1) could be reused but on a sub-slot level.

2.2.2	PUCCH configuration(s) and 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 already 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 efficient, 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).

[bookmark: _Hlk83149459]Proposal 8: Support dynamic switching between the multi-TRP PUCCH schemes (i.e., between Scheme 1 and Scheme 3).

An important aspect, which is related to the switching between the multi-TRP PUCCH schemes, is whether to allow configuring the UE with two PUCCH configurations at a time, i.e. one slot based PUCCH configuration and one sub-slot based PUCCH configuration – in a similar way as allowed by the Rel-16 IIoT/eURLLC specifications where basically the UE could be configured with two PUCCH configurations each of which associated to a different PHY priority and having different groups of PUCCH resources and related parameters. It’s worth noting that, under eURLLC, the UE knows which PUCCH configuration to use at a given time based on the associated HARQ-ACK PHY priority e.g. indicated via DL DCI. 

However, under multi-TRP URLLC WI, the aspect related to PHY priority has not been really considered so far. That is to say, if under multi-TRP the support of two PUCCH configurations configured at a time is agreed (in a similar way to Rel-16 eURLLC), a way needs to be supported in order to enable the determination or indication of PUCCH configuration at a given time. One potential way in this case would be to reuse the PHY priority (which could be even called differently under multi-TRP if needed) indicated in DCI to indicate to the UE which PUCCH configuration and thus which multi-TRP PUCCH scheme to use at a given time. Specifically, e.g. if value ‘0’ is indicated the slot based PUCCH configuration is used and the multi-TRP Scheme 1 is applied; if value ‘1’ is indicated the sub-slot based PUCCH configuration is used and the multi-TRP Scheme 3 is applied.     

On the other hand, if a single PUCCH configuration is supported for the multi-TRP PUCCH operation, it should be discussed how to indicate the UE which multi-TRP PUCCH scheme to use at a given time. One potential way in this case would be to associate (via RRC) a PUCCH resource to a multi-TRP PUCCH scheme. Hence, when indicated to use that PUCCH resource, the UE would know whether to apply multi-TRP Scheme 1 or scheme 3. 

Proposal 9: For the dynamic switching between the different multi-TRP PUCCH schemes, RAN1 to discuss and decide whether two PUCCH configurations, i.e. one slot based PUCCH configuration and one sub-slot based PUCCH configuration, can be configured at a time for a UE in a similar way as the Rel-16 eURLLC operation.
· If configuring two PUCCH configurations at a time is supported, reuse PHY priority (or introduce something similar to PHY priority) to indicate which PUCCH configuration and thus which multi-TRP PUCCH scheme to use at a given time. 
· If a single PUCCH configuration is kept/supported, allow association between PUCCH resources and multi-TRP PUCCH schemes, to allow the indication of which multi-TRP PUCCH scheme to use at a given time through the indicated PUCCH resource.  


[bookmark: _Hlk528168953]2.3 	PUSCH enhancements with multi-TRP
[bookmark: _Hlk76730214]2.3.1 	Number of SRS resources in each of the SRS resource sets
On the number of SRS resources configured in each of the SRS resource sets, three alternatives have been discussed in RAN1#106-e and listed in the related agreement as follows:

	Agreement
On the number of SRS resource configured in the two SRS resource sets, select one of the following alternatives, 
· Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. 
· Alt.2: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on the first SRS resource set
· FFS: How to interpret “SRI field is present or not present”
· Alt.3: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the smaller, same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets
· FFS: How to interpret “SRI field is present or not present”



In the related RAN1#106-e discussions, we have had a preference towards Alt.1 to have that open point concluded without further discussions. On the other hand, Alt.2 may provide some flexibility compared to Alt.1 by allowing the number of SRS resources to be different between the SRS resource sets. Compared to Alt.2, Alt.3 may require larger SRI field size(s) as the SRI field would be determined by the maximum number of the SRS resources, and this is not preferrable – as also mentioned by some companies during the RAN1#106-e discussions (R1-2108300).

If Alt.2 is eventually supported, since one SRS resource set may contain more than one SRS resources and the other SRS resource set may contain a single SRS resource (in which case the second SRI field would not be present in DCI), how to interpret “SRI field is present or not present” should be resolved as this would impact the determination of the power control parameters. It’s worth recalling that in RAN1#106-e, the following agreement was made regarding the default power control parameters when one SRS resource is configured per SRS resource set.

	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), per TRP default P0, alpha, PL-RS, and closed loop index is defined by,  
· [bookmark: _Hlk83484759]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-PowerControl associated 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.
· [bookmark: _Hlk83285918]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.



Considering the above discussion and agreement, the main question is whether to allow a combination of somewhat dynamic indication/update of the power control parameters (through the corresponding SRI indication via DCI) for one TRP and determination of default power control parameters for the other TRP (based on the above agreement but for one SRS resource set). Specifically, considering that the second SRI field is not present in DCI:
· The power control parameters for the PUSCH repetitions corresponding to the first SRS resource set are determined based on the indicated SRI in DCI.
· The power control parameters for the PUSCH repetitions corresponding to the second SRS resource set are determined based on the agreement above:
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the set of values{the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used.
· Otherwise, the 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} is used.

Overall, we do not think Alt.2 and Alt.3 are complete solutions and there are pending clarifications that may be needed in order to support them. As we are at the end of Rel-17 discussion, we suggest closing this issue for Rel-17 without minor optimization and agree on Alt.1. 

Proposal 10: On the number of SRS resources configured in the two SRS resource sets for multi-TRP PUSCH operation, select:
· Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. 

2.3.2 	Actual number of PT-RS ports for NCB multi-TRP PUSCH repetition
In RAN1#106-e, the following Working Assumption was reached regarding whether the actual number of PT-RS ports can be different between the two SRS resource sets (and thus TRPs) for non-codebook based multi-TRP PUSCH repetition operation:

	Working assumption
[bookmark: _Hlk83149548]For non-codebook based multi-TRP PUSCH repetition, select Alt.2. 
· Alt. 2: the actual number of PT-RS ports corresponding to the 1st SRS resource set can be different from the actual number of PT-RS ports corresponding to the 2nd SRS resource set.
· FFS: Whether specification change is needed due to this working assumption



In the existing specifications, for the non-codebook-based mode, each SRS resource is associated to a PT-RS port via higher-layer configuration, where there could be up to two PT-RS ports configured. Considering now the support of two SRS resource sets for multi-TRP PUSCH repetition operation under Rel-17 where these sets would be somewhat independently configured, the Working Assumption looks reasonable particularly if we want to avoid putting restrictions on which SRS resources, from the two SRS resource sets, can be indicated at a given time. On the FFS point, we don’t see any need for specification change due to the Working Assumption – and this would anyhow be our condition to agree on the Working Assumption. 
It’s worth noting that the Working Assumption would only be valid for PUSCH repetition Type B as for PUSCH repetition Type A only a single layer is supported (i.e. number of actual PTRS ports corresponding to each SRS resource set would be 1 for Type A).  

Proposal 11: Confirm the following RAN1#106-e Working Assumption regarding the actual number of PT-RS ports for non-codebook based multi-TRP PUSCH repetition operation:
· For non-codebook based multi-TRP PUSCH repetition, select Alt.2. 
· Alt. 2: the actual number of PT-RS ports corresponding to the 1st SRS resource set can be different from the actual number of PT-RS ports corresponding to the 2nd SRS resource set.

2.3.3 	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 PUSCH/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 PUSCH/PUCCH power control, where this is designed for the single TRP case. 

Considering the support of multi-TRP PUSCH/PUCCH repetition in Rel-17, where there would be two TRPs towards which the UE is repeating/transmitting the PUSCH/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 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 PUSCH/PUCCH schemes. In our view, such determination could depend on the TRP scheme in downlink (e.g. multi-TRP or single-TRP) and be based on TCI state or QCL assumption of at least one CORESET and/or TCI states of PDSCH.

Proposal 12: For multi-TRP PUSCH/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 PUSCH/PUCCH power control considering different aspects/parameters such as the single/multi-TRP scheme used in downlink.

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: Confirm the following working assumption: 
· If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding

Proposal 2: For Case 4 (assuming an enhanced QCL-TypeD prioritization rule among CORESETs associated with linked candidates), there may be alternatives that result one linked candidate get dropped. RAN1 come back to this discussion when the QCL-TypeD prioritization rule is agreed. 

Proposal 3: For 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), the UE can monitor both linked candidates. 
Proposal 4: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select the following alternatives for each of Case 1 and Case 2:
· Case 1: 2 BDs are counted for two linked candidates:
· Alt1: No change (use existing spec)
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-2: The third BD is counted as part of the SS set with higher ID.

Proposal 5: For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, support
· Alt1: Identify the two QCL-Type D properties based on legacy priority order.

Proposal 6: Do not support PDCCH repetition for Type0/0A/1/2 CSS.
Proposal 7: Do not support PDCCH order with PDCCH repetitions with different beams. 

PUCCH enhancements:
Observation 1: For the multi-TRP intra-slot PUCCH repetition scheme (i.e. Scheme 3), the same framework as for the multi-TRP inter-slot PUCCH repetition scheme (i.e. Scheme 1) could be reused but on a sub-slot level.

Proposal 8: Support dynamic switching between the multi-TRP PUCCH schemes (i.e., between Scheme 1 and Scheme 3).

Proposal 9: For the dynamic switching between the different multi-TRP PUCCH schemes, RAN1 to discuss and decide whether two PUCCH configurations, i.e. one slot based PUCCH configuration and one sub-slot based PUCCH configuration, can be configured at a time for a UE in a similar way as the Rel-16 eURLLC operation.
· If configuring two PUCCH configurations at a time is supported, reuse PHY priority (or introduce something similar to PHY priority) to indicate which PUCCH configuration and thus which multi-TRP PUCCH scheme to use at a given time. 
· If a single PUCCH configuration is kept/supported, allow association between PUCCH resources and multi-TRP PUCCH schemes, to allow the indication of which multi-TRP PUCCH scheme to use at a given time through the indicated PUCCH resource.  

PUSCH enhancements:

Proposal 10: On the number of SRS resources configured in the two SRS resource sets for multi-TRP PUSCH operation, select:
· Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. 

Proposal 11: Confirm the following RAN1#106-e Working Assumption regarding the actual number of PT-RS ports for non-codebook based multi-TRP PUSCH repetition operation:
· For non-codebook based multi-TRP PUSCH repetition, select Alt.2. 
· Alt. 2: the actual number of PT-RS ports corresponding to the 1st SRS resource set can be different from the actual number of PT-RS ports corresponding to the 2nd SRS resource set.

Proposal 12: For multi-TRP PUSCH/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 PUSCH/PUCCH power control considering different aspects/parameters such as the single/multi-TRP scheme used in downlink.
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