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1	Introduction
In RANP#103, the WI [1] was agreed with one objective for 6Rx, as captured below.
	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
· [bookmark: OLE_LINK1]Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution.


In this paper, we provide our view on the issue of insertion loss imbalance across SRS ports. As, the similar issue was already discussed in Rel-18, we provide the same analysis and further analysis based on previous discussions in RAN1. 
2	Discussion
2.1	Expected UE behaviour and feasibility for UE to perform IL compensation
As stated in [3], TS38.213 expects equal transmit power to be used on each SRS antenna port within an SRS resource set. However, as also stated, TS38.101-1 also specifies ∆TRxSRS for configured maximum output power requirements to allow for some deviation from the maximum configured output power for the UE when transmitting SRS.
[bookmark: OLE_LINK2]There was a claim documented in [2] that the UE will never perform any insertion loss compensation when setting the SRS power even when there is remaining unused Tx power available at the UE. However, the text in TS38.213 seems to conflict with that statement. Since this UE-side compensation is not explicitly prohibited in the spec. In our view, it should already be allowed for a UE to compensate for additional insertion loss on additional antenna ports relative to primary ports if it has remaining Tx power available to overcome any losses. However, when the UE is operating at close to maximum output power, overcoming additional insertion loss would be more challenging so imbalance can be expected.
[bookmark: _Ref163494289]Observation 1: It seems feasible for a UE implementation to compensate for additional insertion loss on additional antenna Tx ports relative to primary Tx ports where it has sufficient remaining power available to perform such compensation.
[bookmark: _Ref163494291]Observation 2: When the UE does not have sufficient remaining Tx power available, it can be expected that there may be some SRS power imbalance
2.2	Performance analysis
Analysis on results presented by other companies
Results from [4] seem to show that at medium to mid-high CNR (where the UE is unlikely to be Tx power limited) while signalling SRS power offsets to gNB does provide some gain when the UE does not perform IL compensation, the DL performance is still degraded compared to the case where there was zero imbalance. 
Given that achieving “zero SRS power imbalance” appears to facilitate much better DL performance than a UE “with SRs power imbalance” reporting SRS power offsets to gNB. However, in such a scenario we believe it is likely that the UE has Tx power available such that it could compensate IL imbalance itself. 
[bookmark: _Ref163494292]Observation 3: Results from [4] show that at mid-high CNR, relying on gNB SRS power imbalance compensation via signalled power offsets is inferior in terms of improving DL performance compared to the “zero imbalance” scenario. In this scenario we assume that the UE would likely have Tx power available to compensate potential SRS power imbalance by itself.
Results from [4] also seem to show that the benefit of signalling any SRS offset for UEs operating at low CNR is negligible (approx. 0.5%). 
[bookmark: _Ref163494294]Observation 4: Results from [4] show that, at low CNR, the benefit of gNB SRS power imbalance compensation via signalled power offsets is negligible in terms of benefit to DL performance.
Analysis
We have performed its own evaluation of system-level performance based on different schemes. Simulation assumptions can be found in the Annex of this document, and the results are shown in the figures below. Unfortunately, we did not manage to provide results for 6Rx. However, we believe a similar observations can also be found by considering different IL compensation approaches for 8Rx and 4Rx UEs (no IL, UE-based, UE+gNB based on dynamic reports, and gNB-only based on static reports).
Figure 1: Average cell UPT vs reference (%)
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Figure 2: 5%-ile (cell edge) throughput vs reference (%)
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Figure 3: User throughput vs reference (%) for full power UEs
[image: ]

From Figures 1, 2 and 3 the following can be observed:
· No solution seems able to fully recover ideal “non-IL SRS-based CSI” performance for all UEs.
· At cell edge (UE is operating at close to maximum output power) it is better to use “Type I CSI”, instead of “SRS-based CSI”. For the 5%-ile users and for users operating at full SRS power, where IL impact for SRS-based CSI is worst, it is generally more beneficial to use “Type I CSI” than “SRS-based CSI with SRS IL imbalance compensation”.
· Even with ideal dynamic SRS IL offset reporting combined with UE IL self-compensation, additional system gains of gNB performing complementary IL compensation are negligible and can have a negative impact. Such dynamic reporting would also lead to more overheads in UL.
· Replacing UE IL self-compensation with gNB performing IL compensation based on static reports has no gain and can cause a loss.
· Note: While static reporting is not modelled for 5%-ile case, it can be assumed that it would be no better than the dynamic reporting results shown.
· We attribute the performance loss of IL compensation by the gNB to the fact that channel estimation error is amplified by the gNB when compensating the signal, which can degrade precoding performance.
[bookmark: _Ref163494295]Observation 5: Results show that, there is no DL performance benefit in the UE reporting SRS offset values and gNB performing compensation of IL compared to the UE performing IL compensation alone.
[bookmark: _Ref163494297]Observation 6: Results show that, for UEs operating at low SINR and Tx power limited cases, Type 1 CSI-RS based CSI reporting enables superior DL performance when compared to SRS-based CSI reporting when the Tx port contains IL.
[bookmark: _Ref163494300][bookmark: OLE_LINK4]Proposal 1: RAN4 does not pursue specifying reporting of SRS IL offsets due to IL imbalance.
3	Conclusion
The following observations and proposals are made:
Observation 1: It seems feasible for a UE implementation to compensate for additional insertion loss on additional antenna Tx ports relative to primary Tx ports where it has sufficient remaining power available to perform such compensation.
Observation 2: When the UE does not have sufficient remaining Tx power available, it can be expected that there may be some SRS power imbalance
Observation 3: Results from [4] show that at mid-high CNR, relying on gNB SRS power imbalance compensation via signalled power offsets is inferior in terms of improving DL performance compared to the “zero imbalance” scenario. In this scenario we assume that the UE would likely have Tx power available to compensate potential SRS power imbalance by itself.
Observation 4: Results from [4] show that, at low CNR, the benefit of gNB SRS power imbalance compensation via signalled power offsets is negligible in terms of benefit to DL performance.
Observation 5: Results show that, there is no DL performance benefit in the UE reporting SRS offset values and gNB performing compensation of IL compared to the UE performing IL compensation alone.
Observation 6: Results show that, for UEs operating at low SINR and Tx power limited cases, Type 1 CSI-RS based CSI reporting enables superior DL performance when compared to SRS-based CSI reporting when the Tx port contains IL.
Proposal 1: RAN4 does not pursue specifying reporting of SRS IL offsets due to IL imbalance.
4	References
[bookmark: _Ref108803014]RP-240828, New WID: UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4, RAN4 chair (Huawei)
R1-2304284, Summary of email discussion [112bis-e-LS-04], Moderator (Huawei)
[3]	R1-2303270, Discussion on RAN4 LS on the UE SRS IL imbalance issue, Nokia
[4]	R4-2300696, 8RX UE RF requirements, Qualcomm 
Annex: Simulation assumptions
	Parameter
	Value

	Evaluation configuration
	Configuration A from IMT-2020 evaluations

	Channel model
	UMa_A

	ISD
	500 m

	Frame structure
	DSUDD

	Carrier Frequency
	4 GHz

	System bandwidth
	20MHz

	Subcarrier spacing
	30KHz

	Number of TXRU per TRxP
	32 TXRUs

	Number of antenna elements per TRxP
	(M,N,P,Mg,Ng,Mp,Np) = (8,8,2,1,1, 2,8) for 32TXRU

	Transmit power per TRxP
	43 dBm

	TRxP number per site
	3

	Mechanic tilt
	90deg in GCS (pointing to the horizontal direction)

	Electronic tilt
	105deg in LCS

	UE power class
	PC2 26dBm

	Number of antenna elements per UE
	4Rx or 8Rx 0°,90° polarization antenna
(dH, dV) = (0.5λ, 0.5λ)
(M,N,P,Mg,Ng,Mp,Np) = (1,2,2,1,1, 1,2) for 4RX
(M,N,P,Mg,Ng,Mp,Np) = (1,4,2,1,1, 1,4) for 8RX

	UT attachment
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

	Scheduling
	PF scheduler

	ACK/NACK delay
	Next available UL slot

	MIMO mode
	SU-MIMO with rank 4 or 8 adaptation and OLLA per user

	BS/MS receiver type
	MMSE-IRC

	Channel estimation
	realistic
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