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Introduction
The topic of ΔTRxSRS indication from UE to NW was discussed in several recent RAN4 and RAN1 meetings. 
· In RAN4#106 meeting (February 2023) an LS [1] was sent to RAN1 describing the SRS IL problem in application to 8RX UE architectures and its potential impact on inaccurate channel estimation at the gNB receiver, which could lead to an incorrect DL CSI estimation that would result in a degradation of overall system performance. RAN4 asked RAN1 to address the issue and introduce specific solutions to minimize the impact on overall performance.
· RAN1 discussion took place earlier this year during several meetings. The latest RAN1 discussion took place in RAN1 #114 (August 2023) and the summary document [2] mentions that “SRS antenna switching is the key feature to acquire DL CSI for reciprocity based TDD. However, due to the Tx switching at UE side, the insertion loss (IL) of diversity branch(es) can differ from that of main branch as identified by RAN4. Aforementioned IL imbalance is called SRS IL imbalance, which can be led by RF switch and trace loss difference.” During RAN1 discussion several companies have shown a noticeable performance loss in case SRS IL is not compensated at the UE and/or gNB sides. However, in the end no agreements to introduce RAN1-centric solution to resolve the issue were made, and the eventual decision on how to handle the problem was left up to RAN4.
· A follow up discussion took place in RAN4 #108bis (October 2023). It was agreed that RAN4 will further discuss the solution to mitigate the impact of the SRS IL imbalance [3] (see Annex). Meantime, it was a common understanding that RAN1 impacts shall be avoided for Rel-18 solution. Several open issues were identified and need to be further discussed: 1) UE behavior for power imbalance compensation for SRS transmissions, 2) solutions of reporting the information to mitigate the impact of the SRS IL imbalance, 3) effect of loss imbalance across RX paths, and 4) applicability for 2RX/4RX.
In this contribution we provide views and proposals on the topic and provide views on the general framework to address the negative impact of SRS IL on the DL CSI acquisition.
Discussion
UE behavior for SRS power imbalance compensation
Based on prior discussions in RAN1/4 there is no clear common understanding among companies on the anticipated UE behavior in terms of SRS IL compensation during SRS transmissions with the following options mentioned:
· Option 1: UE does not make Tx power imbalance compensation. 
· Option 2: UE performs Tx power imbalance compensation up to its maximum capabilities in non-power limited conditions (e.g., applies power compensation in case there is sufficient power to do so)
· Option 3: Keep up to UE implementation and UE can choose whether and when to apply compensation.
Disregards whether SRS IL reporting solution is introduced, we think that the existing and preferred UE behaviours need to be clarified. For instance, relying on Option 1 in all conditions may result in a substantial SRS SNR degradation and poor SRS channel estimation quality at the gNB side, which will have an adverse impact on the system performance. Therefore, such implementations should be avoided. 
Observation #1:	If not compensated, SRS IL may result in degraded SRS SNR and poor SRS channel estimation quality at the gNB side, which will have an adverse impact on the overall system performance.
The UE behavior on SRS IL compensation can be understood based on current specifications of the SRS power control mechanism in TS 38.213 (as explained in [4]), and based on configured maximum output Tx power in TS 38.101-1. 
· The SRS transmission power in TS 38.213 is defined in a way that unless the SRS transmission power exceeds the configured maximum output power PCMAX,f,c limit (which is defined in TS 38.101-1), the actual SRS transmission power depends on the L1 power control parameters only (including p0 for active UL BW, SRS bandwidth, pathloss and others). It can be observed that the SRS insertion loss is no taken into consideration, and UE is supposed to compensate any SRS insertion loss as long as the total power is below PCMAX,f,c. 
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· The configured maximum output power parameter PCMAX,f,c is defined in TS 38.101-1: 
	PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c 
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }



The effect of SRS insertion loss is accounted in PCMAX via the parameter ∆TRxSRS, which reflects the worst-case implementation in terms of SRS IL (i.e., upper bound). Let’s consider an example of PC3 transmission with PEMAX,c same as configured PPowerClass, no MPR and all other parameters are equal to 0 dB. In the latter case the configured power can be represented in a simplified form shown below. The actual PCMAX,f,c value will be in the range from (PPowerClass – ∆TRxSRS) to PPowerClass. So, it may be concluded that RAN4 specification does not define any specific UE behavior and SRS IL compensation is currently left up to UE implementation:
PPowerClass – ∆TRxSRS ≤  PCMAX,f,c  ≤ PPowerClass
To summarize, the UE behavior may depend on the specific SRS transmission power:
· Case 1 (non near max Tx power): In this scenario the SRS transmission power (PSRS) is below PCMAX_L,f,c. Based on TS 38.213 the UE is supposed to always compensate any insertion loss and no further changes in the specification are needed. Per discussion during RAN4 meetings there seem to be no clear understanding whether all existing UEs do perform the SRS IL compensation under these conditions. So, it is recommended to consider specific requirements / conformance requirements in future to guarantee proper UE implementations.
· Case 2 (near max Tx power): In this scenario the actual required SRS transmission power is higher than PCMAX_L,f,c, but is still below the max transmission power PCMAX_H,f,c. Based on the interpretation of TS 38.101-1 above, in this case the UE behavior is undefined and UE may or may not perform SRS IL compensation. 
· Case 3 (max Tx power): In this scenario the actual required SRS transmission power is equal to PCMAX_H,f,c. (i.e. hypothetical scenario). In this case UE is not capable to perform any SRS IL compensation. 


Figure 1. SRS IL compensation scenarios	

Observation #2:	For Case 1 (non near max Tx power) scenario the UE is supposed to always compensate any SRS insertion in SRS transmissions based on TS 38.213.
Observation #3:	For Case 2 (near max Tx power) scenario the UE behavior in terms of SRS IL compensation is left up to UE implementation (i.e., UE may or may not perform SRS IL compensation) based on TS 38.101-1
In our view the UE behavior for Case 2 may not be optimal. UE may still have sufficient power headroom to partially compensate SRS IL, which can be helpful to improve the SRS quality. Furthermore, gNB does not have a clear understanding on UE behavior and cannot perform proper compensation of UL/DL mismatch at it is side. Therefore, it is recommended to clearly specify UE behavior of partial SRS IL compensation for the case when SRS transmission power is higher than PCMAX_L,f,c.
Proposal #1:	Specify at least optional UE behavior for scenarios, when UE has sufficient power to compensate the power imbalance (Case 2), and require to perform partial SRS IL compensation. 
Reporting solution to inform gNB on SRS power imbalance
In accordance with RAN1 FL summary [2] several companies have illustrated performance loss in case the SRS IL is not compensated or taken into account by gNB (“It can be observed from most companies’ result that the existence of SRS IL imbalance will cause non-negligible performance degradation, especially under MU-MIMO and/or high-rank scenario”). As discussed above for power-limited conditions (Case 2 and 3) UE cannot perform full SRS IL compensation, and there will be at certain residual power imbalance between different SRS transmissions from different ports, which will affect the performance as long as the actual imbalance is not known at the gNB side. Based on the current specification, gNB is unaware whether UE applies compensation and the amount of compensation. Additional UE assistance information on SRS IL can be beneficial to optimize the performance.
Observation #4:	For power-limited scenarios gNB is unaware whether UE applies SRS IL compensation and the amount of applied compensation.
The requirements in TS 38.101-1 on SRS IL represent the worst-case conditions in terms of UE implementation. Commercial UE implementations may have better SRS IL than the ∆TRxSRS in the specification. The information on the actual UE SRS IL can be helpful for gNB to: 1) correctly derive DL channel estimates based on SRS measurements (e.g., for the case when UE does not perform compensation), and 2) more precisely identify specific power conditions, where UE operates (i.e., differentiate between Case 1/2/3 conditions). For instance, we consider providing gNB information at least on the maximum level of SRS IL (i.e., the maximum IL imbalance for each SRS resource other than the first one within each SRS resource set configured for antenna switching). The information depends on the configured SRS parameters, and UE may need to have flexibility to provide it once RRC reconfiguration is done, while the signalling details can be left up to UE implementation.
Observation #5:	Commercial UE implementations may have better SRS IL than the worst-case IL agreed in RAN4 specification.
The need for dynamic SRS IL reporting solution was discussed in the previous meeting. Since the RAN1 impacts were precluded in the previous meetings, the dynamic reporting is in fact related to RAN2 signalling mechanisms (MAC or RRC signalling). The benefits of such approach depend on the assumed UE behavior for Case 2 (near max Tx power): 
· If UE does not perform SRS IL compensation, then gNB may assume that the power imbalance is constant and equal to the maximum SRS IL and can autonomously compensate it (e.g., based on the worst-case value or based on the static assistance mentioned above). No additional assistance may be required for this case.
· If UE performs partial SRS IL compensation, then the actual SRS power imbalance will be time variant and change once large-scale propagation conditions change. Potentially, gNB can roughly estimate the amount of compensated SRS IL in case it knows the remaining power control parameters (which may not always be precisely known for PCMAX_L,f,c), however, the UE may still not know the exact amount of compensated/remaining SRS IL and more dynamic indication is helpful. 
· If SRS IL compensation is left up to UE implementation (i.e., as per current specification), then there will be a larger ambiguity on the actual SRS power imbalance and UE assistance may be beneficial to provide more precise information to gNB. 
Therefore, we think that additional UE reporting (MAC or RRC based) of the actual amount of SRS power imbalance (which is equivalent to the amount of compensated SRS IL) can be helpful. The specific signalling mechanism can be left up to RAN2 discussion (e.g., based on MAC CE signalling or UAI framework). It is expected that propagation conditions will not change often, and UE can provide assistance to the gNB once there is a change in transmission power conditions. Once the report is provided, UE will be expected to maintain the respective Tx power imbalance and gNB can exploit the related information to more efficiently reconstruct DL channels based on SRS channel estimates. 

Proposal #2:	Introduce the following reporting mechanisms for UE assistance on the SRS Tx power imbalance:
· Semi-static UE assistance on the maximum SRS IL (i.e., the maximum IL imbalance for each SRS resource other than the first one within each SRS resource set configured for antenna switching) 
· Dynamic UE assistance on the actual SRS TX power imbalance (i.e., the actual SRS TX power imbalance for each SRS resource other than the first one within each SRS resource set configured for antenna switching). 
· The signalling details (MAC CE or RRC UE assistance) are left up to RAN2.
Effect of loss imbalance across RX paths
Based on prior RAN4 discussions it is a common understanding that typical RX path imbalance is noticeably lower comparing to the potential TX path imbalance due to insertion loss. Therefore, it is expected to have lower impact on the performance. In our view, the effects of RX paths imbalance shall be considered separately from the TX paths imbalance. For instance, the maximum level of RX paths imbalance is already reflected in REFSENS requirements (relatively small comparing to ideal conditions), and gNB may reflect these imperfections as a part of DL CSI estimation.
Proposal 3: Do no further discuss the effect of loss imbalance across RX paths for SRS power imbalance.
Applicability for 2RX/4RX
The SRS IL issues is also applicable to 2RX, 4RX and potentially new 6RX UEs, which were recently proposed for Rel-19. Therefore, it is preferable to introduce the reporting solution in a generic manner such that it can be applicable to any UE architecture. 
Proposal 4:	Reporting of SRS power imbalance shall be applicable for UEs with 2 and more RX chains.
Conclusion
In this paper we provide our views on ΔTRxSRS indication from UE to NW, and, in summary, make the following proposals:
Proposal #1:	Specify at least optional UE behavior for scenarios, when UE has sufficient power to compensate the power imbalance (Case 2), and require to perform partial SRS IL compensation. 
Proposal #2:	Introduce the following reporting mechanisms for UE assistance on the SRS Tx power imbalance:
· Semi-static UE assistance on the maximum SRS IL (i.e., the maximum IL imbalance for each SRS resource other than the first one within each SRS resource set configured for antenna switching) 
· Dynamic UE assistance on the actual SRS TX power imbalance (i.e., the actual SRS TX power imbalance for each SRS resource other than the first one within each SRS resource set configured for antenna switching). 
· The signalling details (MAC CE or RRC UE assistance) are left up to RAN2.
Proposal 3: Do no further discuss the effect of loss imbalance across RX paths for SRS power imbalance.
Proposal 4:	Reporting of SRS power imbalance shall be applicable for UEs with 2 and more RX chains.
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Annex - RAN4 #108bis agreements [3]
	Topic #2: ΔTRxSRS indication from UE to NW
Sub-topic 2-0: How to handle this topic in Rel-18.
Issue 2-0-1: How to handle this topic in Rel-18
<Agreement>
· RAN4 further discuss the solution to mitigate the impact of the SRS IL imbalance
· If RAN1 impact is identified, the feature may be considered in the next release
Sub-topic 2-1: Assumptions
Issue 2-1-1: Whether UE have power imbalance compensation for each SRS transmission
· Proposals
· Option 1: Clarify that it is up to UE implementation (Huawei)
· Option 2: UEs are supposed to compensate according to TS 38.213 (Ericsson)
Issue 2-1-2: Effect of loss imbalance across RX paths
· Proposals
· Option 1: Need to consider (Lenovo)
· Option 2: Do not need to consider (Spreadtrum Communications, Huawei, Ericsson)
· Proposal 7: By inspecting different SRS antenna switching architectures presented in previous meetings, we can conclude that the imbalance between different Rx paths is expected to be considerably smaller than in the case of SRS AS transmissions due to the absence of RF switches and smaller routing losses on the Rx paths. (Ericsson)
Issue 2-1-3: Optionality of reporting
· Proposals
· Proposal 1: Optional (Spreadtrum Communications, Ericsson)
· Optional per band (Spreadtrum Communications)
Issue 2-1-4: network configuration to enable UE reporting on SRS IL imbalance across SRS ports
· Proposals
· Proposal 1: It should be up to network configuration to enable UE reporting on SRS IL imbalance across SRS ports (when the UE indicates as support of it). (Huawei)
· No need to further specify any details on how specifically the network would utilize such information since RAN1 design for SRS power control is per SRS resource set rather than per SRS resource. (Huawei)
Sub-topic 2-2: Solutions
Issue 2-2-1: Solutions of reporting the information to mitigate the impact of the SRS IL imbalance 
· Proposals
· Option 1: Both dynamic and static reporting are introduced. UE can indicate whether it supports dynamic or static (Spreadtrum Communications, Huawei)
· Option 1-A: Reporting actual IL imbalance for static manner, and the output power for dynamic manner (Spreadtrum Communications)
· If UE reports statically, UE needs to indicate compensation behaviour to NW. If the UE does not perform self-compensation, the UE could report a two-dimensional table which contains the fixed insertion loss mapping to each diversity branch and main branch according to the different capabilities of SRS antenna switching to NW. 
· If UE reports statically, UE needs to indicate compensation behaviour to NW. If the UE does perform self-compensation but still not keep the power balanced, UE could configure a power threshold that SRS power of main branch below this value there is no need to report, in case that beyond this value, UE could report Q (Q is equal to max power –power threshold) two-dimensional tables which contains the fixed insertion loss mapping to each diversity branch and main branch according to the different capabilities of SRS antenna switching to NW. 
· If UE reports dynamically, there is no need to indicate compensation behaviour to NW. UE obtains the output power of each SRS port (e.g. by PD detection) and report the output power to NW, then NW calculates directly or UE calculates the difference value of each diversity branch output power then report to NW according to the SRS period (including periodic, semi-persistent and aperiodic) in real time. 
· Option 1-B: Reporting actual IL imbalance (Huawei)
· For static 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.
· For 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. Existing RAN2 mechanism on UAI (UE Assistance Information) reporting as defined in TS 38.331 can be considered to comprehend the purpose/motivation.
· Option 2: dynamic (Ericsson, [Lenovo])
· Option 2-A: Reporting configured maximum output power per SRS resource and the power headroom per SRS resource
· IL imbalance reporting mechanism for SRS AS should include both the configured maximum output power per SRS resource and the power headroom per SRS resource.
· Option 2-B: Reporting PCMAX,f,c(i,p) as PCMAX for the p-th SRS port, actual IL imbalance, and loss imbalance across RX paths (Lenovo)
· Define PCMAX,f,c(i,p) as PCMAX for the p-th SRS port and, and furthermore, define
·  .
· The UE should indicate if the SRS relaxations  are compensated so that the power at the antenna connectors is equal for all power settings such that
· 
· The values of the relaxations  can be used to correct the downlink channel estimate at all power levels  if the UE transmitter does not compensate these relaxations.  If the UE does compensate the SRS relaxations, then the values  can be used to correct the downlink channel estimates when
·  .
· If the SRS power relaxations are compensated by the UE transmitter, the UE should report the receiver losses  in addition to the SRS power relaxations .  If the UE does not compensate the SRS power relaxations, the UE may report the set of differences  or .
· If the UE does not report receiver its receiver losses  and its SRS power relaxations  or the difference between its receiver losses and its SRS power relaxations  to the gNB, then the UE should assist the gNB in determining the differences  by reporting the amplitudes of channel measurements taken at the UE antenna ports of reference symbols transmitted from a gNB antenna port. Additionally, the UE should report the ratio  or the difference  for at least one antenna port p, if known.
Sub-topic 2-3: Whether to introduce reporting solution
Issue 2-3-1: Whether to introduce reporting solution
· Proposals
· Option 1: Introduce (Spreadtrum Communications, Huawei, Ericsson)
· It is necessary for UE to depend on NW compensation when UE could not keep power balanced between main branch and diversity branch SRS port by self-compensation. (Spreadtrum Communications)
· The absolute value of reported actual IL imbalance of each SRS resource other than the first one within the SRS resource set configured for antenna switching usage shall not exceed the ΔTRxSRS requirements that defined in TS 38.101-1 for different AS-SRS capabilities accordingly. (Huawei)
· Option 2: Not introduce 
· Option 3: Not discuss until RAN4 receives RAN1 reply LS. (Quaclomm)
· Option 4: Other.
· RAN4 should focus on ΔTRxSRS requirement definition, and not go deeply in how the different antenna losses (OPPO)
Issue 2-3-2: Applicability for 2RX/4RX
· Proposals
· Option 1: Also applicable to 2Rx/4Rx (Spreadtrum Communications, Ericsson)
· Proposal 9: The IL imbalance reporting mechanism for SRS AS should be also specified for 2Rx and 4Rx cases and such applicability should be the design criterion for the reporting mechanism.  (Ericsson)
· Option 2: Not applicable to 2Rx/4Rx (vivo)
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