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1. Introduction
SRS IL imbalance has been discussed in Rel-18 in both RAN1 and RAN4 with no conclusion, and in Rel-19 it is part of the UE RF enhancement. WF [1] was agreed in last meeting as below, this paper discuss the IL imbalance aspects.

	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.



2. Discussion
2.1 Tx/Rx IL imbalance
The SRS IL discussed up to now only considers the Tx part, i.e. from PA to the different Rx antennas. When gNB received this information, the reported IL will be added to the received UL signal power to remove the SRS IL difference impacts, get the pure antenna loss and path loss information. 
In [2], it was pointed out that the Rx paths also have IL imbalance which should also be considered to get the optimised performance. In other words, the Tx and Rx total IL imbalance actually includes the SRS IL imbalance and the Rx RFFE IL imbalance. 
Let’s take below figure 1 borrowed from [3] as an example, the SRS ILs are from LPAF to the antennas, and the largest is from LPAF to Ant 5/6. The Rx path ILs are from Rx antennas to the DRX-M or LPAF, and the largest IL imbalance is between Ant 5/6 and Ant 1/2/3/4 in addition to the PCB trace loss. 
In this example, the Rx path imbalance will be in the range of (1.3dB to 2.3dB) @3.5GHz, and (1.9dB to 2.9dB) @4.9GHz considering the relative location of DRX-M and the antennas and with parameters in table 1. These values should be reduced from the Tx SRS IL imbalance, and in this example the Tx SRS IL imbalances are in the range of (0dB to 5.6dB) @3.5GHz, and (0dB to 7dB) @4.9GHz. Therefore, after considering the total Tx and Rx IL imbalance, the IL imbalance will become (0dB to 3.3dB) @3.5GHz, and (0dB to 4.1dB) @4.9GHz in this example. 
Above just give the example of how Rx path imbalance would impact the total Tx/Rx IL imbalance, and the gain evaluation should consider both parts.


Figure 1 t1r6 SRS antenna switching
Table 1 Component IL for 3.5GHz and 4.9GHz
	
	3.5GHz
	4.9GHz

	SPDT IL
	0.7
	0.9

	3P3T IL
	1.2
	1.4

	PCB trace IL (SRS path)
	1.8
	2.4

	Note1: PCB trace loss used assumes the trace length is 60mm.



Observation 1:   IL imbalances also exist in Rx paths which may reduce the impacts of SRS IL imbalance in Tx part.

Proposal 1:   	When evaluate the gain of SRS IL reporting, the Rx IL imbalance need to be also considered.

2.2 UE compensation
Whether UE will compensate the SRS IL differences among different antennas depends on UE implementation actually. In normal UE design, it is able to do the power compensation of SRS IL from PA to different antenna ports until PA max power is achieved. If PA max power is achieved, the SRS IL to different antennas will show. Therefore, whether and when UE will do the compensation is UE implementation dependent.

Observation 2:   UE can compensate the SRS IL among different antennas before PA max power is reached, and it is UE implementation dependent.

2.3 SRS IL changes
As discussed in Rel-18, SRS IL depends on the RFFE paths that each SRS resource maps to the physical antennas. And usually UE will implement more than 4 antennas for each band to avoid the problems like hand blocking issues. When UE detects there is hand blocking problems, it will change the antennas used for Tx and Rx. In this case the SRS resource mapping to the physical antennas will be changed and so does the SRS ILs as show in figure 1.


Figure 2 SRS antenna port mapping to Real Antennas may be changed due to for example hand blocking
Observation 3:   The mapping between SRS resource and physical antennas might change due to e.g. hand blocking.
Proposal 2:   	UE compensation issue and SRS IL changes due to hand blocking need to be considered if SRS IL is reported.

3. Conclusion
This paper discussed the SRS IL imbalance impacts, and got below observations and proposals.

Observation 1:   IL imbalances also exist in Rx paths which may reduce the impacts of SRS IL imbalance in Tx part.
Proposal 1:   	When evaluate the gain of SRS IL reporting, the Rx IL imbalance need to be also considered.

Observation 2:   UE can compensate the SRS IL among different antennas before PA max power is reached, and it is UE implementation dependent.
Observation 3:   The mapping between SRS resource and physical antennas might change due to e.g. hand blocking.
Proposal 2:   	UE compensation issue and SRS IL changes due to hand blocking need to be considered if SRS IL is reported.
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