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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
SRS insertion loss (IL) imbalance has been identified by RAN4 [1]. Specifically, the IL for the diversity branch might be different from the main branch. For better explanation, the following example is provided.
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Figure 1. Example of possible RF architecture between ‘t1r4’ (left) and ‘t1r8’ (right) AS-SRS capable UE

As depicted in the above figure, LPAF is the module includes LNA/PA/Filter/switch and is same for different antennas, DRX-M is the diversity receive module which includes the LNA and filters. Apart from the different RF switch (e.g. SPDT/SP4T) that could be applied for different branch, the trace loss, which is due to antenna location, can also contribute to the SRS insertion loss imbalance between the main branch (LPAF branch) and diversity branch (DRX-M branch).
Considering that such imperfection could lead to inaccurate channel estimation at receiver, which could lead to incorrect precoder calculation that would degrade overall system performance. In our contributions, significant DL performance loss caused by power imbalance for different ports can be observed [2]. It is essential for the network to acquire the IL imbalance information and use this information for AS-SRS based channel estimation accuracy improvement at least for power limited scenario (e.g., cell edge scenario). 
This contribution mainly focuses on the open issues of SRS enhancement targeting mitigating the impact of the IL imbalance.
2 Discussion on potential issues and solutions
Some possible solutions to mitigate the impact of the IL imbalance are provided as follows [1]:
1. Enable UE report on the actual IL imbalance for each diversity branch used for SRS so network can use this information for AS-SRS based channel estimation accuracy improvement where the granularity of such report can be per SRS resource and either static or dynamic.
2. Utilize PCMAX, f, c via PHR type 3, where power imbalances across antenna ports are derived by comparing the maximum configured power of main branch to those of diversity branches, where such report is per transmission occasion per SRS (only a report of a single SRS resource is transmitted per transmission occasion).
3. Define UE measurements of downlink channels which are reported in order to assist the network in determining the difference between the UE insertion losses for two given antenna ports, where the network also does its own measurements of SRS channels.
4. RAN4 does not preclude other options.
For option 1, some aspects should be carefully considered so that the IL imbalance information can be reported and utilized for performance enhancement. First of all, it strongly depends on the UE's capability to have the exact knowledge of the IL imbalance information. Otherwise, if the IL imbalance information cannot be obtained by the UE or the reported IL imbalance information is not accurate enough, it cannot rely on the report from the UE to mitigate the impact of the IL imbalance. 
Secondly, aside from the SRS IL imbalance for each diversity branch used for SRS transmission, the IL imbalance for each diversity branch used for PDSCH reception also plays an important role in system performance when the AS-SRS based channel estimation results is utilized to select the precoder for PDSCH transmission (e.g., TDD DL transmission). 
For example, as shown in Figure 2, the gNB measures the uplink channels  and  by AS-SRS transmission, where  and  represent the SRS IL imbalance for two different UE antenna ports, respectively. Similarly, the downlink channels are also affected by the IL imbalance at the receiver, so that the downlink channels can be represented as  and , where  and  denote the IL imbalance of PDSCH reception for two different UE antenna ports, respectively. If only the SRS IL imbalance information (i.e.,  and ) is considered and reported to the gNB, the DL precoder selected based on the reported SRS IL imbalance information cannot match the actual downlink channels, leading to performance loss for downlink transmission. To this end, the PDSCH IL imbalance for each diversity branch used for PDSCH reception should also be considered in the reported actual IL imbalance information.
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Figure 2. Example of uplink and downlink channel measurements
Proposal 1: Both the IL imbalance of SRS transmission and the IL imbalance of PDSCH reception for each diversity branch should be considered in the reported IL imbalance information.

For option 2, following the current spec., the PHR type 3 report can only be triggered by obvious pathloss difference observation and is configured per SRS resource set. In this way, only one PCMAX, f, c value corresponding to the SRS resource set can be reported via PHR type 3 and the power imbalance across antenna ports/antenna port groups within the SRS resource set cannot be derived to mitigate the impact of IL imbalance. Therefore, PCMAX, f, c via PHR type 3 introduced in current spec. cannot be directly used to report the IL imbalance among different antenna ports/antenna port groups. Besides, even if the PCMAX, f, c of each UE antenna port can be reported via PHR type 3, since many factors contribute to the value of PCMAX, f, c (e.g. the maximum UE power PPowerClass for shared spectrum access operation, the power management maximum power reduction P-MPRc, etc.), the power imbalances across antenna ports derived by comparing the maximum configured power of main branch to those of diversity branches may not reflect the exact IL imbalance information. Therefore, if option 2 is supported, more spec. efforts are needed to further enhance the definition and reporting of PCMAX, f, c via PHR type 3 for SRS channel estimation.
Observation 1: Current spec. cannot directly support the reporting of power imbalances across antenna ports/antenna port groups by utilizing PCMAX, f, c via PHR type 3.

For option 3, reporting the UE measurement results of downlink channels to assist the network in determining power imbalances across antenna ports and/or matching the SRS channel measurement results with the actual DL channels can be a promising solution. For example, as shown in Figure 2, the UE can measure the downlink channels  and  and sends the ratio  of the two channels to the gNB to reflect the power difference of DL channels corresponding to different UE antenna ports. The UL channel estimation results  and obtained through SRS channel measurement may perform power adjustment on channel coefficients according to the reported power difference information , so as to match the actual downlink channels and . Specifically, the power difference of UL channel estimation results can be adjusted to be aligned with the power difference of DL channels by multiplying each UL channel estimation result with a power adjustment factor as , where  and  represent the power adjustment factors. The (ratio of the) power adjustment factors derived by the above proposed method can be utilized for a short or long time duration, depending on the variation speed of the IL imbalance of each UE antenna port. In this way, not only the uplink SRS IL imbalance effect but also the downlink PDSCH IL imbalance effect are both considered, so that a much proper precoder can be selected for downlink transmission. Especially for the 8Rx capable UE, which is much more sensitive to the precoder utilized for downlink transmission, the study of Option 3 should be supported from Rel-18 onwards.
Proposal 2: Report the UE measurements of downlink channels to assist the network in determining the differences among the IL imbalance (including both the SRS IL imbalance for SRS transmission and the IL imbalance for PDSCH reception) of different antenna ports should be considered in Rel-18.

3 Conclusion
In this paper, the UE SRS IL imbalance issue is discussed. The following proposals are made:
Observation 1: Current spec. cannot directly support the reporting of power imbalances across antenna ports/antenna port groups by utilizing PCMAX, f, c via PHR type 3.
Proposal 1: Both the SRS IL imbalance of SRS transmission and the IL imbalance of PDSCH reception for each diversity branch should be considered in the reported IL imbalance information.
Proposal 2: Report the UE measurements of downlink channels to assist the network in determining the differences among the IL imbalance (including both the SRS IL imbalance for SRS transmission and the IL imbalance for PDSCH reception) of different antenna ports should be considered in Rel-18. 
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