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Introduction
This contribution discusses how to handle ΔTRxSRS indication in Rel-18.
Discussion
General
According to WF of [1], RAN4 agreed that “If RAN1 impact is identified, the feature may be considered in the next release”. Hence, it is more efficient not to handle methods which clearly require RAN1 specification(s) impact.
Observation 1: According to WF of R4-2317621, RAN1 specification(s) changes are not allowed to introduce a method to mitigate impact of SRS power imbalance during SRS antenna switching. 
Observation 2: Given that RAN4#109 is the last meeting of NR_ENDC_RF_FR1_enh2, it is not realistic to select a complicated solution, which would be likely to invite large specification(s) changes and/or more cross-working discussions with RAN2. 
Power compensation
The key aspect across the solutions listed in [1] is that how we consider a UE behaviour of power compensation.  At least a FL summary of [2] captures following questions and corresponding views of each of the companies.
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What we can observe from the above table is that at least companies’ interpretations of expected UE behaviour in terms of power control of each port in the same SRS resource set is diverse. With this condition, just introducing allowance of reporting ∆TRxSRS,p (p=port numbering) not meaningful, since even if ∆TRxSRS,p is reported, network has no idea on if the UE is supplementing the lost power due to ∆TRxSRS,p or not. If the network takes ∆TRxSRS,p into account, but the UE supplements the ∆TRxSRS,p, this just brings more channel estimation errors.
Observation 3: The current specifications do not provide readers with a unified interpretation in terms of power control per port in the same SRS resource set according to R1-2306200. However, at least followings can be observed. 
· Power control is defined per SRS resource set meaning that each SRS resource needs to refer to the same power control related parameters 
· Unlike code-book based PUSCH transmission, TS38.213 does not explicitly define that the power should be equally distributed across ports.
Views on solutions
The WF of [1] listed several solutions, which are ones or by-products that are covered by our contributions of [3, 4] in RAN4#106 and 106bis, respectively. Hence, although we are quite interested in resolving the issue, we share our views on each solution with the consideration of Observation 1 and 2.
Option 1: Reporting the output power for dynamic manner
It is noted that Option 1-A in the WF of [1] captured “Reporting actual IL imbalance for static manner, and the output power for dynamic manner”, but the former part is handed in Option 2  in sub-section 2.3.2.
In our view, this approach requires a definition that the UE maintains the power differences across ports from the moment of the report to completing SRS antenna switching. Otherwise, the reported values become obsolete. Also, this would always require one additional step just before performing SRS antenna switching meaning that this reporting cannot be performed more timely than Option 2. Specification(s) impact of this Option would be larger than that of Option 2-1 (static one) in section 2.3.2.
Observation 4: For reporting the output power for dynamic manner, this always requires one additional step just before performing SRS antenna switching compared to static reporting and requires a behaviour that UE maintains the power differneces across ports from the moment of the report to completing SRS antenna switching
Option 2: Reporting ILs in a static or dynamic manner
Option 2-1: Static ΔTRxSRS reporting it means that the UE will not change the indicated actual IL imbalance once it has reported that for configured SRS resource set with antenna switching usage. (The former part of Option 1-B in [1]).
Option 2-2: Dynamic reporting, it means that the UE may trigger a reporting once it finds out the actual IL imbalance would be different from previous reporting. (The latter part of Option 1-B in [1])
Option 2-3: ΔTRxSRS reporting and UE can also indicate if self-power compensation is performed or not. If the self-power compensation is performed, the UE also indicates the threshold that is the maximum power that UE cannot deliver from an antenna port. (Part of Option 1-A in [1])
First of all, across the options 2-1, 2-2 and 2-3, since multiple parameters allow UE to lower the power in the below configured transmission power requirements, only ΔTRxSRS is compensated or not is not the main point since network cannot differentiate what is compensated. The importance is whether or not the UE can maintain the power differences across ports according to the reported ΔTRxSRS.
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
Observation 4: For solutions 2-1, 2-2 and 2-3 to report ΔTRxSRS, the requirement must not be if ΔTRxSRS is maintained or not as reported (ILs must be static…), but rather the output powers across ports are maintained according to reported ΔTRxSRS. 
Regarding Option 2-2 on “dynamic reporting of ΔTRxSRS”, it is not clear why “the actual IL imbalance” can be different from that for previous reporting. This would be useful only when mapping between antenna ports and ΔTRxSRS becomes different. In addition, as described in sub-section 2.3.1, this solution would require more specification(s) changes than Option 2-1.
Observation 5: For option 2-2, this may be useful only when mapping between antenna ports and ΔTRxSRS becomes different. In addition, as described in sub-section 2.3.1, this solution requires more specification(s) changes than Option 2-1. 
With respect to Option 2-3, this is more advance solution than Option 2-1 and Option 2-2. If ΔTRxSRS indication is introduced as a complete package. It is, however, not easy for a network to know actual UE’s power per port since there is not such mechanisms. Hence, it is not clear if the network can utilize the threshold information without RAN1 specification(s) changes.
Observation 6: For Option 2-3, this is more advance solution than Option 2-1 and Option 2-2, which is a complete package to accommodate different UE behaviours. It is, however, not easy for a network to know actual UE’s power per port since there is not such mechanisms. Hence, it is not clear if the network can utilize the threshold information without RAN1 specification(s) changes.
Overall, given that it is not clear if UE compensates the lost power for SRS transmission during SRS antenna switching due to IL as mentioned in Observation 3, one possible way could be making these behaviours optional or exceptional in RAN4 specification(s). It is also noted that there is no meaning to report ΔTRxSRS values and/or perform self-power compensation or maintaining power imbalance across ports depending on the reported ΔTRxSRS if the network has no ability to utilize such information. Hence, network needs to have an authority to configure this feature with UE.
Possible complete package of Option 2-1, 2-2 and 2-3
· From UE perspective, define following two modes UE capabilities including a capability that UE supports both Mode 0 and 1(Thus, in total three options, 0, 1 and 0&1).
· Mode 0: UE maintains output powers at the respective antenna connectors the same, i.e., UE shall compensate for the lost power due to ILs.
· NW shall not consider actual TRxSRS,p under mode 0
· Mode 1: UE maintains output powers imbalanced depending on the reported ∆TRxSRS,p at the respective antenna connectors, where the output power Pref at antenna port(s) with the least TRxSRS,min = Min {∆TRxSRS,p | p = 0, 1, …n} is the reference.
· e.g., if ∆TRxSRS,0 = 0 dB, ∆TRxSRS,1 = 3 dB,  ∆TRxSRS,2 = 4 dB, ∆TRxSRS,3 = 5 dB
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· From network perspective, allow network to request/configure UE to enable one of the modes depending on supported modes by the UE(since not all the network may not be able to deal with this enhanced features)
· In addition, allow NW to configure UE supporting both modes with event triggering conditions 
· e.g., if relation of PHRs becomes or approaches to Max {PHR, f, c, p| p = 0, 1, 2…n} -  Min {PHR, f, c, p| p = 0, 1, 2…n} ≥ X dB (X can be e.g., UE’s Power Class ( or achievable maximum power per port across all the ports) – TRxSRS,max = Max {∆TRxSRS,p |p=0, 1, 2…n}, UE may switch from mode 0 to mode 1, else, mode 1 to mode 0
From observation 2, however, if a solution was introduced in Rel-18, that would be mode 1 only in the above bold letter.
Proposal 1: If a solution is introduced in Rel-18, a possible one would be a following.
· Allow UE to indicate ∆TRxSRS,p , where p = 0, 1, …n correspond to port 0, 1, …n.
· The UE that indicates ∆TRxSRS,p shall maintain output powers imbalanced depending on the reported ∆TRxSRS,p at the respective antenna connectors for SRS transmission during SRS antenna switching, where the output power Pref at antenna port(s) with the least TRxSRS,min = Min {∆TRxSRS,p | p = 0, 1, …n} is the reference.
· e.g., if ∆TRxSRS,0 = 0 dB, ∆TRxSRS,1 = 3 dB,  ∆TRxSRS,2 = 4 dB, ∆TRxSRS,3 = 5 dB
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· Allow a network to request/configure UE to enable the above UE behaviour

Option 3: Others
As mentioned in [2], solutions listed in Option 3 can be candidate as a solution. In our understanding, however, the solutions listed here require RAN1 specification(s) changes. For example, a following proposal 1 in [5] surely requires TS38.213 changes. It is noted that still a clarification of UE’s behavior is needed since PCMAX, f, cp(i) does not show the actual transmitted power, but rather achievable highest power under a certain resource and channel conditions. 
Proposal 1:  Define PCMAX,f,c,p(i) as PCMAX for the p-th SRS port and, and furthermore, define
 .
Observation 7: For Option 3 listed in [1], it surely requires RAN1 spec changes.
Conclusion
We obtained following observations and proposals.
Observation 1: According to WF of R4-2317621, RAN1 specification(s) changes are not allowed to introduce a method to mitigate impact of SRS power imbalance during SRS antenna switching. 
Observation 2: Given that RAN4#109 is the last meeting of NR_ENDC_RF_FR1_enh2, it is not realistic to select a complicated solution, which would be likely to invite large specification(s) changes and/or more cross-working discussions with RAN2. 
Observation 3: The current specifications do not provide readers with a unified interpretation in terms of power control per port in the same SRS resource set according to R1-2306200. However, at least followings can be observed. 
· Power control is defined per SRS resource set meaning that each SRS resource needs to refer to the same power control related parameters 
· Unlike code-book based PUSCH transmission, TS38.213 does not explicitly define that the power should be equally distributed across ports.
For Option 1: Reporting the output power for dynamic manner
Observation 4: For reporting the output power for dynamic manner, this always requires one additional step just before performing SRS antenna switching compared to static reporting and requires a behaviour that UE maintains the power differences across ports from the moment of the report to completing SRS antenna switching
For following Option 2, 
Option 2-1: Static ΔTRxSRS reporting it means that the UE will not change the indicated actual IL imbalance once it has reported that for configured SRS resource set with antenna switching usage. (The former part of Option 1-B in [1]).
Option 2-2: Dynamic reporting, it means that the UE may trigger a reporting once it finds out the actual IL imbalance would be different from previous reporting. (The latter part of Option 1-B in [1])
Option 2-3: ΔTRxSRS reporting and UE can also indicate if self-power compensation is performed or not. If the self-power compensation is performed, the UE also indicates the threshold that is the maximum power that UE cannot deliver from an antenna port. (Part of Option 1-A in [1])
Observation 4: For solutions 2-1, 2-2 and 2-3 to report ΔTRxSRS, the requirement must not be if ΔTRxSRS is maintained or not as reported (ILs must be static…), but rather the output powers across ports are maintained according to reported ΔTRxSRS. 
Observation 5: For option 2-2, this may be useful only when mapping between antenna ports and ΔTRxSRS becomes different. In addition, as described in sub-section 2.3.1, this solution requires more specification(s) changes than Option 2-1. 
Observation 6: For Option 2-3, this is more advance solution than Option 2-1 and Option 2-2, which is a complete package to accommodate different UE behaviours. It is, however, not easy for a network to know actual UE’s power per port since there is not such mechanisms. Hence, it is not clear if the network can utilize the threshold information without RAN1 specification(s) changes.

For other options listed as Option 3 in [1].
Observation 7: It surely requires RAN1 spec changes.
Proposal 1: If a solution is introduced in Rel-18, a possible one would be a following.
· Allow UE to indicate ∆TRxSRS,p , where p = 0, 1, …n correspond to port 0, 1, …n.
· The UE that indicates ∆TRxSRS,p shall maintain output powers imbalanced depending on the reported ∆TRxSRS,p at the respective antenna connectors for SRS transmission during SRS antenna switching, where the output power Pref at antenna port(s) with the least TRxSRS,min = Min {∆TRxSRS,p | p = 0, 1, …n} is the reference.
· e.g., if ∆TRxSRS,0 = 0 dB, ∆TRxSRS,1 = 3 dB,  ∆TRxSRS,2 = 4 dB, ∆TRxSRS,3 = 5 dB
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· Allow a network to request/configure UE to enable the above UE behaviour
Proposal 2: An LS to RAN1 is needed to inform them of the selected solution if an agreement is made.
Proposal 3: Postpone the discussion in the future releases if an objective to resolve the issue is included in a new work item if an agreement is not made in RAN4#109.
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Q1: Should pre-compensation/self-supplement (i.e., UE boost the SRS transmission power on the diversity

branch suffering SRS IL imbalance in a spec-transparent manner) be treated as a “mandatory” implementation?
Q2: Is pre-compensation/self-supplement enough for addressing the SRS IL imbalance issue?

Q3: Is it a common understanding that the DL IL imbalance always exists? If so, can DL IL imbalance always
counteract the SRS IL imbalance?

And the companies’ corresponding answer is attached below:

Yes No

Q| Nokia,  MediaTek | NTT DOCOMO, QC(limited Tx power budget). OPPO, Samsung, Huavwei, Hisilicon, Ericsson

(?)(optimal solution)

Q| MIK (no justification | Apple (when imbalance is large), NTT DOCOMO, QC, OPPO, Nokia, Samsung (?), Huawei,
to specify reporting | HiSilicon, Ericsson
solution)

Q3

Apple (cannot always counteract), NTT DOCOMO (don’t need to discuss), QC (cannot always
counteract), OPPO (don’t need to discuss), Nokia (don’t need to discuss), Samsung (cannot

always counteract), MTK (up to implementation), Huawei, HiSilicon (cannot always

counteract), Ericsson
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