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Introduction
The Rel-19 WID on NR MIMO Phase 5 is approved [1], which includes the following objective:
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 
a. 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. 

In this contribution, we discuss further on the issues related to the enhancements for asymmetric DL sTRP/UL mTRP scenarios. 
Discussion on enhancement for asymmetric DL sTRP/UL mTRP scenarios
Heterogeneous Network as asymmetric DL sTRP/UL mTRP can be deployed to improve UL coverage and throughput which are always considered the bottlenecks for the network performance. One macro gNB and several non-co-located UL micro nodes (UL-only TRPs) can be deployed in this scenario. To support such deployment scenario, enhancements related to several aspects can be considered and discussed.  
Enhancements on unified TCI state
Based on the current unified TCI state framework，it can be configured as either joint TCI state mode or separate TCI state mode. UE receives DL transmission from the macro gNB, but transmits UL with one of the following possible transmission cases, 
1) sTRP transmission to the macro gNB;
2) sTRP transmission to one UL-only TRP;
3) mTRP transmission towards the macro gNB and one UL-only TRP ;
4) mTRP transmission towards at least two non-co-located UL-only TRPs. 
In RAN1#116 meeting, the agreement made on unified TCI state is as below,
Agreement
For the asymmetric DL sTRP/UL mTRP deployment scenarios, separate DL/UL TCI state mode of Rel-17/18 unified TCI framework can be configured for both FR1 and FR2.
· Joint TCI state mode can be configured at least for FR1


According to the discussion, it seems like the feasibility for applying joint TCI state for FR2 is still pending. Unlike FR1, in FR2 the source RS of a joint TCI state cannot be used as the QCLed source for a UL-only TRP which has different spatial filter from a DL source RS of the macro gNB.  Thus, joint TCI state mode cannot be applied in FR2 in this scenario.
Proposal 1: For DL sTRP/UL mTRP scenarios, joint TCI state mode cannot be supported in FR2. 
Currently, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) is used for the beam indication. Despite the use of the DL scheduling DCI, UL scheduling DCI format 0_1/0_2 can also be considered in the scenario of DL STRP/UL mTRP which can provide more flexibility to update the beams more promptly since the UL service should be heavier and PDCCH congestion would occur as always, this approach thus can benefit from saving more overall signaling overhead as well as achieving lower average latency among multiple UEs from a system point of view. 
Proposal 2:  For DL STRP/UL mTRP scenarios, consider beam indication via DCI format 0_1/0_2.

Enhancements on Pathloss Estimation
To support DL STRP/UL mTRP deployment scenario, enhancements on UL power control (UL PC) are needed. Since the pathloss RS  transmitted and measured from the macro gNB only is not accurate enough for the UL transmissions to the UL-only TRPs, pathloss offsets are needed for the transmissions of UL channels/signals towards the UL-only TRPs. 
In RAN1#116 meeting, the agreement was made on pathloss offset configuration as below [2], 
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.


Agreement
Down-select one from the following alternatives:
· Alt1: Use only RRC to update the PL offset associated with the UL TCI state
· Alt2: In addition to RRC, MAC-CE can be used to update the PL offset associated with the UL TCI state
· FFS: Details on MAC CE



To enhance the accuracy of the pathloss estimation for the beams towards UL-only TRPs, the following methods can be considered. 
· Alt.1: Use RRC to configure the PL offset value for each possible UL TCI state configured according to different PL RS. For one specific PL RS, one PL offset can be configured to one UL TCI state. 
· Alt.2: Use RRC to configure a set of candidate values for the pathloss offset, then use MAC-CE to activate/update the pathloss offset value for each indicated joint/UL TCI state mapping to each TCI state codepoint. 
Since the reciprocity of the pathloss can hold to a certain extent between the DL and UL, the pathloss can be measured from the UL RS, eg. SRS for beam management. Uplink pathloss for the UL-only TRP can be derived from the calculation of received power difference PL_offset of SRS between the UL-only TRP and the macro TRP, the UE can further use this offset PL_offset to update the UL PL from the DL pathloss estimation PL_DL as below, 
PL_UL= PL_DL + PL_offset
Or only to update the change of PL_offset measurements, i.e.
                                                    PL_UL’=PL_UL+ PL_delta
                                                     
PL_offset or PL_delta  should be informed to the UE for the updates among the coordinated UL-only TRPs. Updates via MAC-CE can be supported to adapt more dynamic pathloss change.
In our view, the PL estimation is highly dependent on the accurate PL RS offset configured for the corresponding UL beam. If only DL pathloss offset is configured, it would be better if power control applied to transmissions towards UL-only TRPs may count more on the CLPC with smaller alpha value and larger TPC step size because the initial configurations of the pathloss offsets may have a large bias from the real pathloss difference. In this sense, we think the extension of the current TPC step size is worth considering.

Proposal 3: For the pathloss estimation, the following enhancements can be considered,
· Alt.1: Use RRC to configure the PL offset value for each possible UL TCI state configured according to different PL RS. For one specific PL RS, one PL offset can be configured to one UL TCI state. 
· Alt.2: Use RRC to configure a set of candidate values for the pathloss offset, then use MAC-CE to activate/update the pathloss offset value for each indicated joint/UL TCI state mapping to each TCI state codepoint. 

Proposal 4: Support to update the pathloss offset derived from the measurement of uplink signals via MAC-CE, and pathloss can be calculated in the following methods,
· Alt.1: Pathloss offset value measured between the macro TRP and UL-only TRP is indicated/updated by the gNB, and the pathloss can be calculated by  PL_UL= PL_DL + PL_offset;
· Alt.2: Pathloss offset change for the UL-only TRP is indicated by the gNB, and the pathloss can be updated by PL_UL’=PL_UL+ PL_delta;

Enhancements on the SRS power control 
Currently, the TPC command is indicated in DCI format 2_3 for separate power control adjustment for SRS when srs-PowerControlAdjustmentStates is configured as “separateClosedLoop”, and only one close loop is supported. To support the DL sTRP/UL mTRP  scenario, there is a need for supporting two closed-loop PC adjustment states for SRS, both separate from PUSCH, at least SRS for  beam management and SRS for antenna switching. 
In RAN1#116 meeting, the agreement was made on power control for SRS related aspects [2],
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.

· How to indicate the closedloopindex for SRS
In RAN1#116 meeting, the agreement was made on power control for SRS related aspects [2],
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


This can be achieved by configuring different closed loop index to each TCI state indicated for the SRS resource set, when separate power control is configured. Up to 2 close loop indices can be configured to the SRS resource set, both separate from PUSCH.
	Agreement（RAN1#111）
· If srs-PowerControlAdjustmentStates is set to 'separateClosedLoop' in a SRS resource set, the SRS is associated with a separate close loop;
· Otherwise, closedLoopIndex-r17 for SRS in a joint/UL-TCI state is to indicate a SRS close loop tied with PUSCH
· Note: In such case, candidate values of 'i0' and 'i1' in closedLoopIndex -r17 for SRS refers to first and second close loop tied with PUSCH
FFS: Whether specification change is required



From the agreement above, it is more straightforward to associate the CLPC adjustment state with the SRS resource set by adding a parameter to indicate the adjustment state when srs-PowerControlAdjustmentStates is set to 'separateClosedLoop'.
An example is given below.
SRS-ResourceSet ::=                     SEQUENCE {
srs-ResourceSetId                       SRS-ResourceSetId,
…
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
    ...,
    closedLoopIndex-r19          ENUMERATED { i0, i1 }

For Alt.2, it is needed that the closedLoopIndex-r17 for SRS configured with a joint/UL TCI state is not only limited to SRS close loop tied with PUSCH, but also to SRS separate close loop. So the spec impact is also very limited.
Proposal 5: Support Alt.1 or Alt.2 for the configuration of closeloopindex for SRS, slightly prefer Alt.1 for simplicity.

· How to indicate the TPC for SRS CLPC adjustment states
When UE is configured with higher layer parameter srs-TPC-PDCCH-Group with either typeA or typeB using DCI format 2_3, the number of TPC commands should be determined based on the number of closed loop indices associated with the indicated joint/UL TCI state. Thus, an extension is needed for the indication of TPC command field. 
In RAN1#116 meeting, the agreements was made on power control for SRS related aspects [2], 
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: 



The current DCI format2_3 can be used for SRS carrier switching when PUSCH is not configured and SRS power control is independent from that of PUSCH. Currently both Type A and Type B can be configured for DCI format2_3 by srs-TPC-PDCCH-Group in SRS-CarrierSwitching. Type B can indicate TPC for a given CC in one separate block for one UE, while Type A needs a CC set list to configure for TPC command according to each CC within one block.  Type A is designed for SRS carrier switching rather than for SRS separate power control. So how to configure Type A in this scenario seems more problematic. 
[image: ]

The cc_SetIndex of Type A can be only set from 0 to 2 in the current spec shown above. One solution is to use the reserved codepoint of cc_SetIndex i.e. cc_SetIndex set to 3, to support configuring that the TPC indication corresponds to separate power control for SRS only and also to avoid configure any CC list. And also SRS request field doesn’t need to be configured or can be configured as codepoint “00”. 

Proposal 6: Support Option 3 to enhance both typeA and typeB for DCI format 2_3.
Proposal 7：When srs-TPC-PDCCH-Group configured as typeA, 
· Define the cc_SetIndex =3 to support two adjustment states for separate CLPC of SRS;
· SRS request can be unconfigured or configured as “00” ;
Proposal 8: Support Alt.2 to use 1-bit CLI field for the indication of each TPC command in DCI format 2_3.

Conclusion
In this contribution, we provide our views on some issues for the DL sTRP/UL mTRP scenario, and the following are our proposals,
Beam indication:
Proposal 1: For DL sTRP/UL mTRP scenarios, joint TCI state mode cannot be supported in FR2. 
Proposal 2:  For DL STRP/UL mTRP scenarios, consider beam indication via DCI format 0_1/0_2.

Pathloss estimation:
Proposal 3: For the pathloss estimation, the following enhancements can be considered,
· Alt.1: Use RRC to configure the PL offset value for each possible UL TCI state configured according to different PL RS. For one specific PL RS, one PL offset can be configured to one UL TCI state. 
· Alt.2: Use RRC to configure a set of candidate values for the pathloss offset, then use MAC-CE to activate/update the pathloss offset value for each indicated joint/UL TCI state mapping to each TCI state codepoint. 
Proposal 4: Support to update the pathloss offset derived from the measurement of uplink signals via MAC-CE, and pathloss can be calculated in the following methods,
· Alt.1: Pathloss offset value measured between the macro TRP and UL-only TRP is indicated/updated by the gNB, and the pathloss can be calculated by  PL_UL= PL_DL + PL_offset;
· Alt.2: Pathloss offset change for the UL-only TRP is indicated by the gNB, and the pathloss can be updated by PL_UL’=PL_UL+ PL_delta;

SRS power control:
Proposal 5: Support Alt.1 or Alt.2 for the configuration of closeloopindex for SRS, slightly prefer Alt.1 Proposal 6: Support Option 3 to enhance both typeA and typeB for DCI format 2_3.
Proposal 7：When srs-TPC-PDCCH-Group configured as typeA, 
· Define the cc_SetIndex =3 to support two adjustment states for separate CLPC of SRS;
· SRS request can be unconfigured or configured as “00” ;
Proposal 8: Support Alt.2 to use 1-bit CLI field for the indication of each TPC command in DCI format 2_3.
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