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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 RAN4#110b meeting, the issue of 6Rx insertion loss (IL) was discussed. A WF [5] was agreed. In this paper, we provide our view on the issue of insertion loss imbalance across SRS ports. This contribution was modified from our previous paper [6]. 
2	Discussion
2.1	Expected UE behaviour and feasibility for UE to perform IL compensation
TS38.213 does not capture any IL in the power control equation. One interpretation is that equal transmit power is to be used on each SRS antenna port within an SRS resource set. On the other hand, TS38.101-1 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. Although the 2 specs seem a bit contradicting, our understanding (kind of aligned with [7]) is that they allow UE to conduct self-compensation on the transmission for individual SRS antenna port. 
[bookmark: OLE_LINK2]The additional IL, if not compensated, may lead to inaccuracy in gNB channel estimation on the SRS, leading to the degradation in the DL performance due to sub-optimal DL precoder selection. For example, if UE’s transmit power is reduced by 7dB due to IL, it means gNB’s channel estimation needs to be carried out under a 7dB worse SNR condition. 
[bookmark: _Ref166252876][bookmark: OLE_LINK16]Observation 1: Additional UE transmit power reduction due to IL, if not compensated, will degrade DL performance due to lower SNR in gNB channel estimation on SRS for determining DL precoder. 

To mitigate the degradation, many solutions were suggested by companies, e.g., compensation by UE or gNB.  
· [bookmark: OLE_LINK14]Compensation by UE is more effective, because it can increase the SNR at gNB directly. gNB can estimate the channel at a higher SNR condition and make more accurate decision in DL precoder selection. Note that even if UE cannot fully compensate the IL because of Tx power limit, the amount that UE compensated can still help to increase the SNR at gNB.
· [bookmark: OLE_LINK13][bookmark: OLE_LINK17]Compensation by gNB means that gNB still needs to conduct the channel estimation under worse SNR condition. Therefore, the estimated channel may still contain some non-negligible error. After the channel estimation is done, gNB up-scales the estimated channel to compensate the loss. This up-scaling will also amplify the errors in the channel estimation, which may not help much in making the DL precoder selection.

[bookmark: OLE_LINK15]As mentioned by several companies, compensation by UE may not work when UE already reached its power limit. Nevertheless, this solution is still a more effectively approach to help mitigating the DL performance degradation. Based on above analysis, we suggest taking UE-side compensation as the baseline approach when UE haven’t reached its Tx power limit.
[bookmark: _Ref166252879]Observation 2: Compensation by UE can directly improve the SNR condition at gNB, while compensation by gNB may amplify the errors in the channel estimation. 
[bookmark: _Ref166252887][bookmark: OLE_LINK18]Proposal 1: To handle the SRS IL issue, RAN4 should take UE self-compensation as the baseline solution, when UE haven’t reached its Tx power limit. 

With Proposal 1, the remaining issue is to discuss whether and what to do when UE cannot fully compensate the IL. We are open to discuss the solutions. In our view, some SLS work is needed to justify the gain of different proposals. In the next section, we provide some evaluations as an example.
[bookmark: _Ref166252889]Proposal 2: RAN4 to further discuss a solution when UE cannot fully compensate the SRS IL. 

2.2	Performance analysis
Note: This section is the same as [6].
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
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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.
3	Conclusion
The following observations and proposals are made:
Observation 1: Additional UE transmit power reduction due to IL, if not compensated, will degrade DL performance due to lower SNR in gNB channel estimation on SRS for determining DL precoder.
Observation 2: Compensation by UE can directly improve the SNR condition at gNB, while compensation by gNB may amplify the errors in the channel estimation.
Proposal 1: To handle the SRS IL issue, RAN4 should take UE self-compensation as the baseline solution, when UE haven’t reached its Tx power limit.
Proposal 2: RAN4 to further discuss a solution when UE cannot fully compensate the SRS IL.
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. 
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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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