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1. Introduction
Regarding Enhancement for asymmetric DL sTRP/UL mTRP scenarios, the following Objective is in the Rel-19 WID:

5. Specify enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios, assuming intra-band intra-DU non-co-located mTRP scenarios, without changing existing cell definition or defining a new cell (e.g. UL-only cell), assuming the Rel-17/18 unified TCI framework and fully reusing the legacy QCL/UL spatial relation rules, targeting FR1 and FR2 
· Two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP.

At RAN1 #116, the following were agreed regarding pathloss offset:

Agreement
For the asymmetric DL sTRP/UL mTRP deployment scenarios, support to associate a UL TCI state with a PL offset:
· When a UL TCI state associated with a PL offset is applied for the PUSCH/PUCCH/SRS transmission, the UE shall calculate the Tx power of the PUSCH/PUCCH/SRS based on the DL PL RS and PL offset associated with this UL TCI state.
· Reuse the legacy uplink power control formulation by replacing legacy PL with UL PL which is derived from the DL PL RS and the PL offset.
· FFS: The UE can update UL PL in a way that new UL PL = current UL PL + an update delta indicated by the NW.
· Note: it does not intend to increase the number of maintained PLs per cell.
· FFS: whether to support associating joint TCI state (if supported) with a PL offset.
Further study whether/how to apply a PL offset on PDCCH-order PRACH transmission too.
· FFS: how to determine the Tx beam of PRACH towards UL TRP 
· Note: this does not imply to support 2 TA for single-DCI based system.

At RAN1 #116, the following were agreed regarding closed-loop PC loops: 

Agreement
To facilitate the asymmetric DL sTRP/UL mTRP deployment scenarios, support configuring two closed-loop PC adjustment states for SRS in one CC, both of which are separate from that of the PUSCH.

Agreement
Study how to indicate TPC command for those two SRS CLPC adjustment states through DCI when the UE is configured two SRS CLPC adjustment states, down-select from the following options:
· Option 1: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA;
· Option 2: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeB;
· Option 3: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA and typeB;
· Option 4: enhance DCI format 1_1 and/or 0_1 to indicate TPC for SRS CLPC adjustment states
· Option 5: enhance the legacy DCI format 2_3 by introducing a new Type for higher layer parameter srs-TPC-PDCCH-Group
· Option 6: new DCI format to indicate TPC for SRS CLPC adjustment states
· Other options are not precluded.
For the Options1, 2, 3 and 5, consider at least the following Alts as possible examples:
· Alt1: In DCI format 2_3, add one additional TPC command for each CC configured with two SRS CLPC adjustment states, 
· the first TPC command is associated with the first SRS CLPC adjustment state and the second TPC command is associated with the second SRS CLPC adjustment state.
· Alt2: Introduce one 1-bit closed-loop-indicator field for each TPC command in DCI format 2_3 
· This 1-bit closed-loop-indicator indicates the first SRS CLPC adjustment state or the second SRS CLPC adjustment state. 
· Alt3: use two different TPC-SRS-RNTIs for DCI format 2_3: 
· DCI format 2_3 with CRC scrambled with the first TPC-SRS-RNTI and the second TPC-SRS-RNTI indicates the TPC command for the first and second SRS CLPC adjustment state, respectively. 
· Alt4: Implicit method.

Agreement
To support two SRS CLPC adjustment states, study and possibly down-select at least one from the following Alts:
· Alt1: SRS CLPC adjustment state is associated with SRS resource set
· Alt2: When the parameter srs-PowerControlAdjustmentStates is set to 'separateClosedLoop', closedLoopIndex-r17 in the TCI state indicates one of the SRS CLPC adjustment states
· Alt3: Add one extra parameter in P0AlphaSet-r17 of TCI state to indicate one of those two SRS CLPC adjustment states
· Alt4: SRS CLPC adjustment state is associated with SRS resource usage type
Note: Other alternatives are not precluded


In this contribution we provide our views on required enhancements. 
Discussion
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Figure 1 Targeted Scenario

As shown in the illustration, low-cost TRPs (pico-TRPs) with uplink only operation are deployed in the main TRP’s coverage area. Since uplink capacity can be the bottleneck for XR traffic, it may be beneficial to have low-cost TRPs with uplink only operation to improve the uplink capacity. With that, a more balanced support for DL and UL traffic can be achieved. Also uplink-only operation may alleviate concerns in cell-site operation (only Rx operation and no Tx operation takes place at a cell site, radiation from the cell site should be minimal even at close proximity), which may facilitate cell-site acquisition. 

For SRS power control,  in the legacy design, the power control loop is selectable per SRS-ResourceSet:

SRS-ResourceSet ::= SEQUENCE {
   srs-ResourceSetId SRS-ResourceSetId,
   srs-ResourceIdList SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId OPTIONAL, -- Cond Setup
   resourceType CHOICE {
      aperiodic SEQUENCE {
         aperiodicSRS-ResourceTrigger INTEGER (1..maxNrofSRS-TriggerStates-1),
         csi-RS NZP-CSI-RS-ResourceId OPTIONAL, -- Cond NonCodebook
         slotOffset INTEGER (1..32) OPTIONAL, -- Need S
         ...,
         [[
         aperiodicSRS-ResourceTriggerList SEQUENCE (SIZE(1..maxNrofSRS-TriggerStates-2))
         OFINTEGER (1..maxNrofSRS-TriggerStates-1) OPTIONAL-- Need M
         ]]
         },
      semi-persistent SEQUENCE {
         associatedCSI-RS NZP-CSI-RS-ResourceId OPTIONAL, -- Cond NonCodebook
         ...
         },
      periodic SEQUENCE {
         associatedCSI-RS NZP-CSI-RS-ResourceId OPTIONAL, -- Cond NonCodebook
         ...
         }
      },
   usage ENUMERATED {beamManagement, codebook, nonCodebook, antennaSwitching},
   alpha Alpha OPTIONAL, -- Need S
   p0 INTEGER (-202..24) OPTIONAL, -- Cond Setup
   pathlossReferenceRS PathlossReferenceRS-Config OPTIONAL, -- Need M
   srs-PowerControlAdjustmentStates ENUMERATED { sameAsFci2, separateClosedLoop} OPTIONAL, -- Need S
   ...,
   [[
   pathlossReferenceRSList-r16 SetupRelease { PathlossReferenceRSList-r16} OPTIONAL-- Need M
   ]],
   [[
   usagePDC-r17 ENUMERATED {true} OPTIONAL,-- Need R
   availableSlotOffsetList-r17 SEQUENCE (SIZE(1..4)) OF AvailableSlotOffset-r17 OPTIONAL, -- Need R
   followUnifiedTCI-StateSRS-r17 ENUMERATED {enabled} OPTIONAL-- Need R
   ]]
}




























A key IE srs-PowerControlAdjustmentStates was first introduced V15.2.0 by RAN#80 RP-181172, CR to TS 38.213 capturing the RAN1#92bis and RAN1#93 meeting agreements and aligning higher layer parameters with TS 38.331. In TS 38.331, it has:

srs-PowerControlAdjustmentStates
Indicates whether hsrs,c(i) = fc(i,1) or hsrs,c(i) = fc(i,2) (if twoPUSCH-PC-AdjustmentStates are configured) or separate close loop is configured for SRS. This parameter is applicable only for Uplinks on which UE also transmits PUSCH. If absent or release, the UE applies the value sameAs-Fci1 (see TS 38.213 [13], clause 7.3).

Essentially in the legacy design, power control for a SRS resource set can follow the first loop, or the second loop of power control adjustment state of PUSCH; or follow the separate loop of power control adjustment state of SRS.  The operation point of SRS, in terms of targeted SINR and signal strength at NW, can be affected by many factors, e.g. the number of Rx antennas at NW, interference coordination, etc., so at least it is clear SRS intended for one TRP and SRS intended for another TRP may have different operation points. Also depending on the coupling loss between UE and a TRP, and the need for power control can be different, e.g., a UE is moving away from the main-TRP and getting closer to a pico-TRP. In this case, in Rel-19, two closed-loop PC adjustment states are supported as prescribed in the WID. To support that, we consider a new IE under SRS-ResourceSet:
srs-PowerControlAdjustmentStates-R19 ENUMERATED { sameAsFci2, separateClosedLoop-1, separateClosedLoop-2}
srs-PowerControlAdjustmentStates
Indicates whether hsrs,c(i) = fc(i,1) or hsrs,c(i) = fc(i,2) (if twoPUSCH-PC-AdjustmentStates are configured) or a separate close loop is configured for SRS. This parameter is applicable only for Uplinks on which UE also transmits PUSCH. If absent or release, the UE applies the value sameAs-Fci1 (see TS 38.213 [13], clause 7.3).

And for a SRS-ResourceSet with the legacy IE srs-PowerControlAdjustmentStates set to “separateClosedLoop”, the first SRS PC close loop is used.


As for DCI format 2_3, a useful clarification was provided in [2].  During RAN1 #116, there were also offline discussions to clarify the design details for DCI format 2_3.

DCI format 2_3 is used for SRS power control for PUSCH/PUCCH-less uplink carrier and srs-PowerControlAdjustmentStates indicates a separate power control adjustment state between SRS transmissions and PUSCH transmissions. Two types are supported for DCI format 2_3: typeA and typeB. 

With typeA, a cc-Set can be indicated in the “SRS request” field, and the cc-Set contains up to 8 CCs and each CC has its own PC command. It can be also seen currently the AP SRS is restricted to setUse at “anntennaSwitching”, which is not relevant to uplink-only pico-TRP. However, assume it is established that there is a the need to differentiate main-TRP/pico-TRP (e.g., if the restriction on setUse is removed),  in rel-19, a new field for SRS closed loop index is included to prescribe the SRS closed loop at a CC where two separate SRS PC closed loops are configured. If there is a single SRS PC closed loop at a CC, then the SRS closed loop index is not introduced to save on DCI signaling overhead. 
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Figure 2 Linkage between SRS Resource Set and trigger state (Table 7.3.1.1.2-24: SRS request, TS 38.212)

With typeB,  SRS-ResourceSet is addressable at ResourceSet level as shown in the Figure above. 

In TS 38.213, the current specification text handles a single SRS PC closed loop with srs-PowerControlAdjustmentStates at separateClosedLoop. Now Two separate SRS PC closed loops should be supported and corresponding update to Clause 7.3.3 of TS 38.213 is required.




Agreement
For the asymmetric DL sTRP/UL mTRP deployment scenarios, support to associate a UL TCI state with a PL offset:
· When a UL TCI state associated with a PL offset is applied for the PUSCH/PUCCH/SRS transmission, the UE shall calculate the Tx power of the PUSCH/PUCCH/SRS based on the DL PL RS and PL offset associated with this UL TCI state.
· Reuse the legacy uplink power control formulation by replacing legacy PL with UL PL which is derived from the DL PL RS and the PL offset.
· FFS: The UE can update UL PL in a way that new UL PL = current UL PL + an update delta indicated by the NW.
· Note: it does not intend to increase the number of maintained PLs per cell.
· FFS: whether to support associating joint TCI state (if supported) with a PL offset.
Further study whether/how to apply a PL offset on PDCCH-order PRACH transmission too.
· FFS: how to determine the Tx beam of PRACH towards UL TRP 
· Note: this does not imply to support 2 TA for single-DCI based system.


On uplink pathloss based power control 

· On FFS: The UE can update UL PL in a way that new UL PL = current UL PL + an update delta indicated by the NW.
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Figure 3 Implementation based power control with uplink pathloss

As shown in the diagram aboveTo demonstrate involved calculation, the signaling flows are shown as if some calculation takes place at pico-TRP and some other at macro-TRP. on the network side, every decision can be made at a central entity which controls both macro-TRP and pico-TRP.  even if uplink pathloss is more robust than downlink pathloss, effectively through gNB implementation (Steps 6~9), no specification change is needed to support that. Thus we have

Proposal 1: It is unclear there is a need to introduce specification change to support uplink pathloss based power control as it can be supported already by gNB implementation once pathloss offset is supported in Rel-19. 


Agreement
Study how to indicate TPC command for those two SRS CLPC adjustment states through DCI when the UE is configured two SRS CLPC adjustment states, down-select from the following options:
· Option 1: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA;
· Option 2: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeB;
· Option 3: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA and typeB;
· Option 4: enhance DCI format 1_1 and/or 0_1 to indicate TPC for SRS CLPC adjustment states
· Option 5: enhance the legacy DCI format 2_3 by introducing a new Type for higher layer parameter srs-TPC-PDCCH-Group
· Option 6: new DCI format to indicate TPC for SRS CLPC adjustment states
· Other options are not precluded.
For the Options1, 2, 3 and 5, consider at least the following Alts as possible examples:
· Alt1: In DCI format 2_3, add one additional TPC command for each CC configured with two SRS CLPC adjustment states, 
· the first TPC command is associated with the first SRS CLPC adjustment state and the second TPC command is associated with the second SRS CLPC adjustment state.
· Alt2: Introduce one 1-bit closed-loop-indicator field for each TPC command in DCI format 2_3 
· This 1-bit closed-loop-indicator indicates the first SRS CLPC adjustment state or the second SRS CLPC adjustment state. 
· Alt3: use two different TPC-SRS-RNTIs for DCI format 2_3: 
· DCI format 2_3 with CRC scrambled with the first TPC-SRS-RNTI and the second TPC-SRS-RNTI indicates the TPC command for the first and second SRS CLPC adjustment state, respectively. 
· Alt4: Implicit method.

In terms of design freedom, the options can be ranked as follows:
· {Option 1, Option 2} < Option 3 < Option 5 < Option 6 
· Option 4 < Option 6Figure 4 RRC configuration related to DCI 2-3.
SRS-TPC-CommandConfig ::= SEQUENCE {
   startingBitOfFormat2-3 INTEGER (1..31) OPTIONAL, -- Need R
   fieldTypeFormat2-3 INTEGER (0..1) OPTIONAL, -- Need R
   ...,
   [[
   startingBitOfFormat2-3SUL INTEGER (1..31) OPTIONAL -- Need R
   ]]
}










As the DCI field size for new field can be supported by the flexible signaling already through startingBitOfFormat2-3 as shown above, Option 4 is un-necessary. 

Also on Option 4 and Option 5, for both typeA and typeB, there are enough flexibilities built already through startingBitOfFormat2-3, it seems the motivation is not strong. Option 2 and Option 3 can be considered from the point of view of design flexibility and specification impact. We have

Proposal 2: In order to indicate TPC command for those two SRS CLPC adjustment states through DCI when the UE is configured two SRS CLPC adjustment states, enhance the legacy DCI format 2_3 for  higher layer parameter srs-TPC-PDCCH-Group = typeA and typeB (Option 3) or srs-TPC-PDCCH-Group =  typeB (Option 2).

Among Alternatives for Option 3 and Option 2:For the Options1, 2, 3 and 5, consider at least the following Alts as possible examples:
· Alt1: In DCI format 2_3, add one additional TPC command for each CC configured with two SRS CLPC adjustment states, 
· the first TPC command is associated with the first SRS CLPC adjustment state and the second TPC command is associated with the second SRS CLPC adjustment state.
· Alt2: Introduce one 1-bit closed-loop-indicator field for each TPC command in DCI format 2_3 
· This 1-bit closed-loop-indicator indicates the first SRS CLPC adjustment state or the second SRS CLPC adjustment state. 
· Alt3: use two different TPC-SRS-RNTIs for DCI format 2_3: 
· DCI format 2_3 with CRC scrambled with the first TPC-SRS-RNTI and the second TPC-SRS-RNTI indicates the TPC command for the first and second SRS CLPC adjustment state, respectively. 
· Alt4: Implicit method: 




	
	Pros
	cons

	Alt. 1
	Alt. 1 provides simultaneous updates to the power control loops separate from PUSCHs

	Double the overheads for relevant CCs.

	Alt. 2
	One of the SRS CLPC adjustment states is updated, more reasonable overhead.
	Does not support simultaneous updates (this seems to be a minor issue) 

	Alt.3
	
	No clear benefit while prohibiting resource sharing for different UEs. 


Figure 5 Pros & Cons for Alt. 1 ~ Alt. 3
From the review, we have 

Proposal 3: For Option 3, support Alt2: Introduce one 1-bit closed-loop-indicator field for each TPC command in DCI format 2_3.


Agreement
To support two SRS CLPC adjustment states, study and possibly down-select at least one from the following Alts:
· Alt1: SRS CLPC adjustment state is associated with SRS resource set
· Alt2: When the parameter srs-PowerControlAdjustmentStates is set to 'separateClosedLoop', closedLoopIndex-r17 in the TCI state indicates one of the SRS CLPC adjustment states
· Alt3: Add one extra parameter in P0AlphaSet-r17 of TCI state to indicate one of those two SRS CLPC adjustment states
· Alt4: SRS CLPC adjustment state is associated with SRS resource usage type


As can be observed, Alt. 1 is a quite intuitive solution: different TRPs use different SRS resource set, and SRS CLPC adjustment state is associated with different TRPs thus different SRS resource sets. With Alt. 2, the derivation of the power control adjustment state is derived from two IEs. And neither Alt. 2 nor Alt. 3 provides obvious benefits over Alt. 1. We have 

Proposal 4:  Support Alt1: 
SRS CLPC adjustment state is associated with SRS resource set.

If different timing offset values are supported for different TRPs, that capability should be associated with additional UE capability rather than the baseline “uplink only” UE capability.
Conclusion
In this contribution, we provide our views on R19 enhancement for asymmetric DL sTRP/UL mTRP. We have 

Proposal 1: It is unclear there is a need to introduce specification change to support uplink pathloss based power control as it can be supported already by gNB implementation once pathloss offset is supported in Rel-19. 

Proposal 2: In order to indicate TPC command for those two SRS CLPC adjustment states through DCI when the UE is configured two SRS CLPC adjustment states, enhance the legacy DCI format 2_3 for  higher layer parameter srs-TPC-PDCCH-Group = typeA and typeB (Option 3) or srs-TPC-PDCCH-Group =  typeB (Option 2).

Proposal 3: For Option 3, support Alt2: Introduce one 1-bit closed-loop-indicator field for each TPC command in DCI format 2_3.

Proposal 4:  Support Alt1: 
SRS CLPC adjustment state is associated with SRS resource set.
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