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Introduction
In RAN#103, a new WID on RF enhancements for NR FR1/FR2 and EN-DC was approved as one of Release 19 work items [1]. There are three main topics in the WID, which are High power UE (HPUE) for CA in terrestrial network (TN), power boosting and/or MPR reduction, and 6Rx for handheld and FWA UEs. In this contribution, we will focus on the topic about 6Rx for handheld and FWA UEs and the corresponding WID objective is captured as follows. 
	6Rx for handheld and FWA UE
· Specify the core requirements to enable 6Rx for higher frequency bands (>2.5GHz) targeting at support of handheld UE for NR FR1 single carrier scenario
· Example bands: n41, n77/n78, n79, n104
· Support 4 MIMO layers at least, and study the gain and feasibility and if feasible, support 6 MIMO layers
· Specify the Rx requirements including reference sensitivity requirements for support 6Rx
· Note: the specified requirements can be applicable to both handheld UE and FWA devices
· Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability
· Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution.


In RAN4#110bis, the 6Rx for handheld and FWA UEs has been discussed but there is no much progress. Some open issues are divided into four main topics and captured in the approved WF [2]. In WF, one of four main topics is to further discuss the SRS IL (insertion loss) imbalance issue on 6Rx for handheld and FWA UEs, and the major issues are to determine whether to introduce SRS IL report for handheld and FWA UEs depends on SRS IL issue analysis. In this paper, we would like to share our view in the following.
	Topic 4:	SRS IL imbalance issue
Sub-topic 4-1:  General considerations for SRS IL imbalance issue
Way forward: Further discuss the topic of SRS IL imbalance issues with the following proposals used as a starting point. Whether a solution is agreeable, depends on further discussion of the following candidate solutions and/or identified issues.
-	Proposal 1: Study the issues of insertion loss imbalance across SRS ports.
-	Proposal 2: Further discuss SRS IL for 6RX type of devices taking into consideration:
-	SRS insertion loss requirements for 6RX UEs
-	SRS IL impact on performance
-	SRS insertion loss compensation
-	UE assistance on SRS insertion loss (power imbalance)
-	Others
-	Proposal 3: Companies should, independent of their view, provide constructive technical inputs on SRS TX power imbalance topic.

Sub-topic 4-2:	Candidate solutions for the SRS IL imbalance issue
Way forward: Further discuss the following options considering the UE behaviour in terms of the IL imbalance compensation and whether the UE can compensate the IL imbalance for AS-SRS for all power levels and whether NW and UE have consistent understanding for the possible compensation.
-	Option 1: Specify UE behaviour and requirements for scenarios, when UE has sufficient power to compensate the power imbalance (Case 2) and require UE to perform SRS IL compensation up to the maximum power capabilities.
-	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 required to 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 behaviour 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.


-	Option 2: At the current stage, the SRS IL imbalance does not affect the practical system performance, nor any enhancement to resolve the issue would work effectively.
-	Option 3: Not specifying reporting of SRS IL offsets due to IL imbalance.
-	Option 4: IL imbalance reporting mechanism for SRS AS including both static reporting and dynamic reporting.
-	Static reporting is up to UE implementation, and UE needs to indicate the power compensation behaviour to NW if UE reports statically.
-	Dynamic reporting for actual SRS IL reporting for each SRS-TxSwitch pattern, and several thresholds associated with capability class for the actual SRS IL reporting can be considered.
-	Option 5: IL imbalance reporting mechanism for SRS AS including both the configured maximum output power per SRS resource and the power headroom per SRS resource.
-	The PH used for the SRS resource can be a Type 3 but useWFred for a new MAC-CE “SRS resource power report” and can be used also for a carrier configured for PUSCH transmission.
-	Other options are not precluded.

Consider some clarifications according to the RAN1 and RAN4 specs.
-	RAN1 specification on power control doesn’t require or imply that UE shall apply the same PCMAX for all AS-SRS transmission occasions
-	Under the minimum requirement ∆TRxSRS defined in RAN4 specification, it is up to UE implementation whether to apply exact value for corresponding AS-SRS transmission occasions.


Discussion
In Rel-15, SRS Tx switching feature is introduced to obtain more accurate channel state information (CSI) by utilizing channel reciprocity for TDD bands. The motivation to introduce SRS Tx switching feature is that Tx antenna port number is usually less than Rx antenna port number from UE implementation perspective. In other words, in order to obtain more accurate CSI for DL-MIMO transmission at the base station side, the UE can be scheduled to perform antenna switching for SRS transmission in the corresponding Rx antenna port sequentially instead of simultaneous SRS transmission on the corresponding Rx ports. From UE capability signalling perspective, SRS Tx switching feature can be indicated by the corresponding IE srs-TxSwitch/srs-TxSwitch-v1610 with “xTyR”, e.g., 1T2R/1T4R/ 2T4R/2T2R/4T4R/1T4R-2T4R, where “x” is the capable antenna port for SRS transmission and “y” means the total number of receive antenna where SRS transmission can be performed for the target band or the target band in the band combination. In Rel-17, the xTyR has been extended to support at most “1T8R” in the corresponding IE srs-AntennaSwitchingBeyond4Rx-r17.
From implementation perspective, if the UE is configured to perform SRS antenna switching, SRS Tx transmission may go through different number of RFFE antenna switch components, e.g., SPXT, DPXT where X=2,3,4,…8 , at each associated Rx path on PCB board, which may cause different insertion loss for each SRS Tx path. In addition, the PCB tracing loss may also be different for each SRS Tx associated Rx path. Hence, when performing SRS antenna switching, SRS Tx power among each associated Rx paths would be imbalanced due to SRS insertion loss and PCB tracing loss.
In RAN4#110bis, 6Rx for handheld and FWA UEs has been discussed and some open issues about SRS insertion loss (IL) imbalance issue and solutions are captured in the WF. For SRS-IL imbalance issue, several proposals are listed for the further discussion. In our view, SRS-IL imbalance issue can be divided into two parts where the first part is from conducted RF antenna connector perspective and the second part is from OTA perspective. 
From conducted RF antenna connector perspective, SRS-IL imbalance can be reduced a lot by factory RF calibration process for every commercial UE before shipment, which is also the common process in the industry. The minor cost for RF calibration is that the UE needs to save all calibration data in the non-volatile memory. In our understanding, for all SRS Tx power level, SRS-IL imbalance among each SRS Tx associated Rx paths would be around 1~2 dB for the well calibrated UE. Hence, we think SRS-IL imbalance would not be a serious issue from conducted RF antenna connector perspective.
Observation 1: From conducted RF antenna connector perspective, SRS-IL imbalance can be reduced a lot by factor RF calibration process for every commercial UE before shipment, which is also the common process in the industry.
From OTA perspective, even if the UE is well calibrated, the SRS-IL imbalance among each SRS Tx on the associated Rx paths may still be existed due to different antenna implementation. In our understanding, due to more protection on main Tx/PRx, the antenna performance for the Rx diversity path would be usually sacrificed and SRS-IL imbalance is often occurred in the real live network. On the other hand, the received power for SRS Tx antenna switching transmission at the network side may be varying very fast due to the multipath fading channel effect. Hence, SRS-IL imbalance among each SRS Tx on the associated Rx paths may also be varying very fast even if the UE is in the stationary mode. In this situation, it is hard to differentiate the SRS IL imbalance is due to antenna implementation or multipath fading.
Observation 2: From OTA perspective, even if the UE is well calibrated, the SRS-IL imbalance among each SRS Tx on the associated Rx paths may still be existed due to different antenna implementation. On the other hand, the received power for SRS Tx antenna switching transmission at the network side may be varying very fast due to the multipath fading channel effect. Hence, SRS-IL imbalance among each SRS Tx on the associated Rx paths may also varying very fast even if the UE is in the stationary mode.
In the WF, we understand that some SRS-IL imbalance reporting solutions are proposed to overcome the SRS-IL imbalance issue for 6Rx UE in the last meeting. In our view, we think we should first analyze whether SRS-IL imbalance could be a critical issue or not. From conducted perspective, it may be a minor issue after factory RF calibration at each SRS Tx on the associated Rx paths. From OTA perspective with the well factory RF calibration, it could be an issue because of different antenna implementation and multipath channel effect. However, it is very challenging for the UE to obtain SRS IL offset among all antenna paths because the different SRS Tx direction to the network may cause different SRS IL offset from antenna radiation pattern perspective. As for multipath channel effect, we think it would be easier to handle it from demodulation perspective by enhancing SRS Tx power to have better performance. In addition, from signaling perspective, it is also not very clear whether SRS-IL offset can be from conductive perspective or OTA perspective. Therefore, considering that SRS-IL imbalance can be reduced a lot by factor RF calibration process from conductive perspective and that SRS-IL imbalance offset is difficult to be obtained from OTA perspective, it is proposed not to introduce any SRS-IL imbalance reporting mechanism for 6Rx UE in Rel-19.
Proposal 1: Considering that SRS-IL imbalance can be reduced a lot by factor RF calibration process from conductive perspective and that SRS-IL imbalance offset is difficult to be obtained from OTA perspective, it is proposed not to introduce any SRS-IL imbalance reporting mechanism for 6Rx UE in Rel-19.
Conclusion
The proposals in this contribution are summarized in the following.
Proposal 1: Considering that SRS-IL imbalance can be reduced a lot by factor RF calibration process from conductive perspective and that SRS-IL imbalance offset is difficult to be obtained from OTA perspective, it is proposed not to introduce any SRS-IL imbalance reporting mechanism for 6Rx UE in Rel-19.
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