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Introduction
In [1], one of the objectives is to support asymmetric DL sTRP/UL mTRP deployment scenarios to further improve UL throughput. 
	[bookmark: OLE_LINK22][bookmark: OLE_LINK23]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.



Great progress has been achieved in RAN1#116 meeting. In this paper, we provide our opinions on further study issues and potential enhancements to support asymmetric DL sTRP/UL mTRP deployment scenarios.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]TCI state framework to support asymmetric DL sTRP/UL mTRP
	Agreement
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]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.



Separate TCI state mode for Rel-17/18 unified TCI framework has been agreed for TCI state indication for the asymmetric DL sTRP/UL mTRP deployment scenarios. With Rel-17 separate TCI state mode, UL and DL TCI states are separately indicated for DL TRP and UL-only TRP respectively to operate in an sTRP-like way. In Rel-18, separate DL/UL TCI mode has been enhanced to support mTRP transmission where any subset of {DL TCI state 1, DL TCI state 2, UL TCI state 1, UL state 2} can be indicated by one codepoint of TCI activation MAC CE in DCI format 1_1/1_2. Indication of a codepoint consisting of only one DL TCI state means one of two applied DL TCI states is updated with the indicated one and the other DL TCI state is maintained, instead of falling back to sTRP operation. Even though there are ways to configure or indicate each CORESET, PDSCH scheduled by DCI format 1_1/1_2, CSI-RS to only apply one of the indicated TCI states, there is a case that the PDSCH always apply both indicated TCI states if TCI state selection field is absent. That is to say, DL and UL mTRP operations are coupled. However, in asymmetric DL sTRP/UL mTRP deployment scenarios, DL transmission is always from one TRP. As illustrated in Figure 1, if Rel-18 TCI states framework is applied without any change, two same DL TCI states have to be indicated to operate in DL sTRP transmission. Besides, signaling on TCI state selection in DCI for single-TRP PDSCH transmission and in RRC configuration for each CORESET to select one or two TCI states of two indicated DL TCI states becomes redundant. To avoid such situation, the consistent DL sTRP transmission with only one indicated DL TCI state should be supported. 


[bookmark: _Ref158280015]Separate TCI states for DL and UL transmission.
Support single indicated DL TCI state using separate TCI state mode based on Rel-18 mTRP framework.
To support single indicated DL TCI state, implicit and explicit ways can be considered as the following options:
· Option1: one RRC parameter is required to indicate only one DL TCI state is applied
· Option2: UE assumes one indicated DL TCI state when all the codepoints of Rel-18 TCI activation MAC CE consist only one DL TCI state 
· Option3: UE assumes one indicated DL TCI state when no any higher layer parameter TCI state selection indication is configured for either PDSCH or PDCCH transmission.
Support an implicit way to indicate UE single indicated DL TCI state using separate TCI state mode based on Rel-18 mTRP framework:
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Option2: UE assumes one indicated DL TCI state when all the codepoints of Rel-18 TCI activation MAC CE consist only one DL TCI state 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Despite separate TCI state mode, joint TCI state mode is agreed to configure for at least FR1 due to omni-directional antenna assumption. And, QCL info can be shared for both TRPs. As shown in Table 2, one TCI state can be shared by both DL and UL-only TRP in Rel-17 sTRP operation mode. Regarding Rel-18 mTRP framework, to support DL single indicated TCI state, QCL info configuration of the TCI state 2 for UL-only TRP should be further discussed because it is not needed any more. To assist UE to determine DL transmission mode, the QCL info shouldn’t be configured for TCI state 2.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Table 2 TCI state configuration for joint TCI state mode for FR1
	Framework
	TCI-State 1
	TCI-State 2

	Rel-17 sTRP 
	{QCL info, PC setting}
	N/A

	Rel-18 mTRP
	{QCL info, PC setting}
	{QCL info, PC setting}


Support not to configure QCL info for the TCI state for UL-only TRP when joint TCI state is configured in FR1.
As illustrate in Table 3, UL QCL info with SRS being source RS should be introduced for TCI state configuration if joint TCI state is supported. The benefit to integrate UL TCI state and DL TCI state is unclear. Moreover, such design has large spec impact on both DL and UL TCI state indication. So, we propose to not support joint TCI state for FR2 for the asymmetric DL sTRP/UL mTRP deployment scenarios.  
Table 3 TCI state configuration for joint TCI state mode for FR2
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Framework 
	TCI-State 1
	TCI-State 2

	Rel-17 sTRP 
	{QCL info, UL QCL info (e.g.SRS), PC setting}
	N/A

	Rel-18 mTRP
	{QCL info, PC setting}
	{UL QCL info (e.g.SRS), PC setting}


Don’t support joint TCI state for FR2 for the asymmetric DL sTRP/UL mTRP deployment scenarios.
Power control enhancements for asymmetric DL sTRP/UL mTRP
On support of two closed-loop power control for SRS
	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, 
o 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 
o 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: 
o 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:



It is necessary to support two closed-loop PC adjustment states both decoupled with PUSCH to enable separate closed loop power control for SRS utilized for DL CSI acquisition of the DL TRP. In current specification, independent single closed-loop power control is designed with TPC indication in group common DCI format 2_3. 
If additional closed-loop power adjustment state is introduced, the following two issues should be discussed further:
· How to indicate closedloopindex for SRS
· How to indicate TPC for both closed-loop PC adjustment states  
In Rel-17/18 specification, closedloopindex is configured in TCI states when SRS shares the closed-loop PC adjustment state with PUSCH. Due to the benefit for beam-based power control, the configuration can be reused to indicate closedloopindex for SRS with two closed-loop power adjustment states, both separate from PUSCH. More specifically, if srs-PowerControlAdjustmentStates is set to 'separateClosedLoop' in an SRS resource set, closedLoopIndex-r17 for SRS in a joint/UL-TCI state is to indicate an SRS closed loop index specific to SRS when two closed-loop PC adjustment states are enabled. Except for the closedloopindex indicated in TCI state, how to determine closed-loop PC adjustment state for SRS transmission before TCI activation or without TCI state indication should be further studied. 
Support to configure closedloopindex in TCI state to select one of two power control adjustment states for SRS 
Define default closed-loop PC adjustment state for SRS transmission before TCI activation or without TCI state indication should be further studied.
Since two closed loop power adjustment states are introduced for DL CSI acquisition, it is reasonable to further enhance DCI format 2_3 to indicated two TPCs for two closed loop power adjustment state. Besides, both SRS carrier switching type A and type B should be supported.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Support option 3: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA and typeB.
Following alternatives are left to be down-selected for the enhancement of DCI format 2_3:
• Alt1: In DCI format 2_3, add one additional TPC command for each CC configured with two SRS CLPC adjustment states, 
o 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 
o 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: 
o 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
We prefer Alt 1 and Alt 2, which is a simple and direct way to indicate TPC for two closed loop indices. In particular, Alt 2 has similar design with DCI format 2_2/2_1 which are utilized for common TPC indication for PUCCH and PUSCH. While regarding to the implicit method Alt 3 or other methods, UE implementation complexity on DCI monitoring will be introduced. So, we deprioritize implicit methods.
To indicate TPC for two closed loop power adjustment states in DCI format 2_3, support both Alt 1 and Alt 2.
Pathloss offset configuration and application for UL-only TRP
	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.
o 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. 
o 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.
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
o FFS: Details on MAC CE



Regarding the FR1, joint TCI state is agreed. PL offset should be configured in joint TCI state for UE to calculate accurate transmission power towards UL-only TRP in such case. 
Support associating joint TCI state with a PL offset in FR1.
The following two alternatives are left to be down-selected:
· 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
As shown in Figure 2, path loss of UL transmission changes according to UL beam switch even when the measured path loss does not change. Besides, due to UE movement, the measured path loss may change even when UL beams does not change, which also require PL offset change. So, PL offset for UL transmission should be dynamically indicated or updated. Hence, we prefer Alt2.



[bookmark: _Ref162969804]examples of dynamic UL scheduling with different pathloss offset required.
Support Alt2: In addition to RRC, MAC-CE can be used to update the PL offset associated with the UL TCI state
To enable PL offset update through MAC CE, three options can be considered:
· Option1: reuse TCI state activation MAC CE + DCI indication and PL offset can be updated according to TCI state update 
· Option2: introduce a new MAC CE designed to update the association between TCI state and PL offset
· Option3: introduce a new MAC CE designed to update the PL offset based on current PL offset associated with indicated UL TCI state
In option1, multiple TCI states with same QCL-D assumption and different PL offsets should be configured by RRC. And, TCI state indication DCI is required to select a TCI state by a new codepoint with new PL offset value enabling fast update of PL offset value. Option2 is a flexible solution as it allows to update PL offset values of many activated UL TCI state. When UE moves, all the PL offsets associated with the activated TCI states in MAC CE are envisioned to change. So, it is better to update the PL offset specific to the TCI state update due to UE movement, which makes option 2 a reasonable solution. Regarding option 3, it is more of a closed loop power control. Frequent MAC CE transmission is required to adjust PL offset anytime when the indicated UL TCI state is updated due to UE movement or beam switch. 
 Prefer option 2：introduce a new MAC CE designed to update the association between TCI state and PL offset.
Pathloss offset measurement
PL offset can be acquired by gNB by measuring receiving power of SRS. As shown in Figure 3, one SRS transmitted by UE can be received by both TRPs for FR1 due the omni-directional antenna assumption at UE. So, PL offset can be calculated by gNB by the receiving power difference. And, this is purely gNB implementation and no spec impact is required for this measuring method. However, for FR2, two SRS resources each transmitted towards two TRPs, if both are configured in one SRS resource set, which means transmission power of the SRS resources are same, PL offset can also be measured by the difference between receiving power at gNB. And, no spec impact is envisioned for this method too because SRS with usage set to BM can be reused for PL offset measurement. While if two SRS resources are from two SRS resource sets, UE should inform transmission power of these two SRS resources for PL offset calculation at the gNB. This method enables gNB to configure SRS flexibly. Though it is possible for gNB to measure UL PL offset using SRS configuration in current specification, flexibility of SRS would be impacted if gNB want to measure PL offset of different beam pairs of macro TRP and micro TRP. So, whether to design specific PL offset measurement procedure and specific SRS configuration should be further discussed.


[bookmark: _Ref162615425]PL offset measurement by one SRS resource for FR1


PL offset measurement by two SRS resources for FR2
Discuss whether spec impact is needed to support PL offset measurement for FR2.
[bookmark: OLE_LINK1]Pathloss offset configuration and application for PRACH
To improve PRACH transmission reliability and reduce RACH latency, PRACH can be scheduled towards UL-only TRP. Speaking of UE-initiated RACH, SSB measurement is required for UE to select the target beam or TRP of PRACH transmission. So, it is possible for UE to initiate RACH towards macro TRP with SSB transmission. However, contention free or contention based random-access procedure can be scheduled towards UL-only TRP or the TRP with both DL and UL transmission by gNB. PL offset for PRACH transmission towards UL-only TRP in CFRA should also be configured since pathloss of PRACH towards the normal TRP and UL-only TRP can be different. Without PL offset configuration, transmission power of PRACH derived from the pathloss measured by the indicated SSB may be too large leading overwhelming interference for UL-only TRP. So, it is necessary to configure PL offset for PARCH transmission. PL offset for PRACH transmission can be configured specifically by RRC considering the deployment assumption at gNB side. For contention-based RACH, PL offset for MSG 3 is also needed.
Only PDCCH order scheduled RACH is feasible for the TRP without SSB.
Introduce an indication field in PDCCH order on whether the RRC configured PL offset is applied or not. 
Conclusion 
In this contribution, following proposals are presented:
1. Support single indicated DL TCI state using separate TCI state mode based on Rel-18 mTRP framework.
Support an implicit way to indicate UE single indicated DL TCI state using separate TCI state mode based on Rel-18 mTRP framework:
· Option2: UE assumes one indicated DL TCI state when all the codepoints of Rel-18 TCI activation MAC CE consist only one DL TCI state 
Support not to configure QCL info for the TCI state for UL-only TRP when joint TCI state is configured in FR1.
Don’t support joint TCI state for FR2 for the asymmetric DL sTRP/UL mTRP deployment scenarios.
Support to configure closedloopindex in TCI state to select one of two power control adjustment states for SRS 
Define default closed-loop PC adjustment state for SRS transmission before TCI activation or without TCI state indication should be further studied.
Support option 3: enhance the legacy DCI format 2_3 of higher layer parameter srs-TPC-PDCCH-Group = typeA and typeB.
To indicate TPC for two closed loop power adjustment states in DCI format 2_3, support both Alt 1 and Alt 2.
Support associating joint TCI state with a PL offset in FR1.
Support Alt2: In addition to RRC, MAC-CE can be used to update the PL offset associated with the UL TCI state
Prefer option 2：introduce a new MAC CE designed to update the association between TCI state and PL offset.
Discuss whether spec impact is needed to support PL offset measurement for FR2.
Only PDCCH order scheduled RACH is feasible for the TRP without SSB.
Introduce an indication field in PDCCH order on whether the RRC configured PL offset is applied or not. 
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