[bookmark: _Hlk525903026][bookmark: _Hlk506565237]3GPP TSG RAN WG1 Meeting #114	R1- 2307897
Toulouse, France, August 21st – 25th, 2023
Title:	Draft reply to RAN 4 LS on the UE SRS IL imbalance issue
Response to:	R4-2303519 (R1-2302267)
Release:	Release-18
Work Item:	NR_ENDC_RF_FR1_enh2
Source:	Qualcomm [RAN1]
To:	RAN4
Cc:	RAN2

Contact person:
Name:		Muhammad Abdelghaffar
E-mail Address:	mabdelgh@qti.qualcomm.com

Overall Description
RAN1 thanks RAN2 for their LS on the UE SRS IL imbalance issue and would like to provide feedback on a simple solution 
	
ACTION: 	RAN4 respectfully ask RAN1 to consider above issue with, but not limited to the three resolutions listed in the Annex for their future study.   
Annex for information
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.



Reply: 
RAN1 acknowledges that the SRS IL of the diversity antennas will impact the DL/UL channel reciprocity. As gNB is unaware of the IL between the SRS ports, it will affect DL-CSI and will lead inaccurate DL beamforming, rank and MCS determination. Out of the three listed solutions, static reporting of the actual IL imbalance for each diversity branch is a simple and most beneficial solution. In addition, this solution has the least specification impact as it only requires UE capability reporting. The other solution has either extra signalling overhead, e.g., dynamic reporting of IL imbalance, or requires nontrivial RAN1 time and efforts for specification, e.g., solution 2 or solution 3. 
Discussion 
Release 17 introduced SRS antenna switching for 6Rx and 8Rx devices, namely {1T8R, 2T8R, 4T8R, 1T6R and 2T6R} to enable DL CSI acquisition across all Rx antennas. However, antenna switching for 6/8Rx devices comes at the cost of extra RF switching circuitry that introduces insertion loss. For some UE implementation, the insertion loss may be large which causes big mismatch between the actual DL channel and the one estimated by the gNB from UL sounding. This results into different Tx power between antenna ports or equivalent power offset between SRS antenna ports. gNB is unaware of the power offset between the SRS ports which will impact channel reciprocity reducing the quality of DL-CSI and DL beamforming by the gNB.  RAN4 specification allows for some relaxation of SRS transmit power for any ports other than first port and is given by a parameter, ∆TRxSRS, as shown in the text below from 38.101-1 version 17.8.0.
	6.2.4 Configured transmitted power
The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass }
…
∆TRxSRS is applied during SRS transmission occasions with usage in SRS-ResourceSet set as ‘antennaSwitching’ when
a) UE transmits SRS on the second SRS resource in every configured SRS resource set when the SRS-TxSwitch capability is indicated as 't1r2' or 't1r1-t1r2' 
b) UE transmits SRS on the second, third and fourth SRS resources of the total 4 SRS resources from all configured SRS resource set(s) consisting of one SRS port when the SRS-TxSwitch capability is indicated as 't1r4' or, 't1r4-t2r4' or 't1r1-t1r2-t1r4' or, 't1r1-t1r2-t2r2-t1r4-t2r4' 
c)  UE transmits SRS from the second SRS port pair on the second SRS resource in every configured SRS resource set consisting of two SRS ports when the SRS-TxSwitch capability is indicated as ' t2r4' or ' t1r4- t2r4', or 't1r1-t1r2-t2r2-t2r4' or 't1r1-t1r2-t2r2-t1r4-t2r4', or
d) UE transmits SRS to a DL-only carrier 
The value of ∆TRxSRS is 4.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 or power class 5 or power class 1.5 in the band, or when the device is capable of power class 2 in the band and ΔPPowerClass = 3 dB, or when UE indicating txDiversity-r16.
The value of ∆TRxSRS is 7.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 during SRS transmission occasions with configured SRS resources consisting of one SRS port when the device is capable of power class 2 in the band and ΔPPowerClass = 0 dB and not indicating txDiversity-r16. 
For other SRS transmissions ∆TRxSRS is zero;


Considering 1T4R UE architecture as a baseline for extending to 8Rx antennas, an extra RF switching circuitry is needed to route the Tx path to the extra Rx antennas. An example of such architecture is shown in the Figure ‑1 below. It is important to note that there will be X1 to X2 dB extra insertion loss (i.e. power offset) for antenna ports 4-7 as compared to the first 4 antenna ports. 


[bookmark: _Ref68610761]Figure 5‑1 Example of 8Rx UE RF architecture with single Tx chain
To overcome this mismatch, the UE can report to the network the power offset between the antenna ports which can help the network to compensate the UL/DL channel mismatch. 
System level evaluation on impact of SRS IL
To study the impact of SRS IL on system throughput, a SLS was conducted for both SU-MIMO and MU-MIMO scenarios with 4Rx UE devices. The evaluation considered different assumptions of SRS power imbalance with respect to the SRS primacy antenna. The detailed simulation assumptions are listed in the appendix A. The results for mean user throughput for SU-MIMO and MU-MIMO scenarios are summarized in Table 1 and Table 2 respectively.

Table 1: Mean UE Throughput with SRS-IL for SU-MIMO
	Imbalance wrt Ant 0 (dB)
	Mean UE Tput (Mbps)

	Ant 1
	Ant 2
	Ant 3
	

	0
	0
	0
	6.69

	3
	3
	3
	5.67

	3
	6
	6
	5.09

	3
	9
	9
	4.59



Table 2: Mean UE Throughput with SRS-IL for MU-MIMO
	Imbalance wrt Ant 0 (dB)
	Mean UE Tput (Mbps)

	Ant 1
	Ant 2
	Ant 3
	

	0
	0
	0
	15.57

	3
	3
	3
	14.02

	3
	6
	6
	13.27

	3
	9
	9
	12.75


Compared to the baseline scenario (without SRS IL imbalance), it is evident that the higher SRS-IL values impact the DL throughput. For example, of [0, -3, -6,-6] SRS IL, it is observed that mean throughput is reduced by -23.9% for SU-MIMO and 14.7% for MU-MIMO.
Link level evaluation on compensation based on UE reporting.
In this analysis, the following SRS IL deltas have been assumed. Please note that in real devices, there may be a lot more variation between the branches. The list of simulation assumptions is listed in appendix B.
	Imbalance vs Ant#0

	[bookmark: _Hlk126758442]Ant#1
	Ant#2
	Ant#3
	Ant#4
	Ant#5
	Ant#6
	Ant#7

	3
	3
	3
	4
	4
	4
	4



Table 3 8RX RANK4/RANK2 CDL-C Throughput with and without reporting SRS IL
[image: ]

One can see that especially for 8RX RANK4, the throughput drops a lot if ΔTRxSRS value per each SRS branch is not reported to the network. Significant portion of the throughput drop can be recovered when UE indicates the ΔTRxSRS values per each branch and network does respective compensation.
Actions
To RAN4:
Action: RAN1 kindly asks RAN4 to take the above reply into account for further work.
[bookmark: _Hlk4777878]Dates of Next TSG-RAN1 Meeting:
TSG-RAN WG1 Meeting #114-bis	October 2023      	     Xiamen, CN
TSG-RAN WG1 Meeting #115	November 2023      	     Chicago, USA

Appendix
Appendix A: System level simulations parameters for SRS IL imbalance

	[bookmark: _Hlk142607757]Parameter
	Value

	Carrier frequency
	3.5 GHz

	Subcarrier spacing
	30 kHz

	Bandwidth
	80 MHz

	Scenarios
	UMa with 500 m ISD

	Scheduler
	Proportional fair

	Traffic model
	Full buffer 

	Handover margin
	3 dB

	MIMO scheme
	SU-MIMO and MU-MIMO 

	Precoding scheme
	SVD and SLNR for SU-MIMO and MU-MIMO, respectively

	Channel estimation
	Realistic

	Modulation
	Up to 256 QAM

	BS antenna configuration
	() = (8, 8, 2, 1, 1, 4, 8), [, ] = (0.5, 0.8) λ

	BS antenna radiation pattern
	3GPP 3-sector antenna elements

	BS noise figure
	5 dB

	UE antenna configuration
	 () = (1, 2, 2, 1, 2),  = 0.5 λ


	UE antenna radiation pattern
	Isotropic

	UE distribution
	80% indoor, 20% outdoor

	UE noise figure
	9 dB

	UE speed
	3 km/h

	UE transmit power
	23 dBm

	SRS IL imbalance
	Option 1: [0, -3, -3, -3] 
Option 2: [0, -3, -6, -6]
Option 3: [0, -3, -9, -9]



Appendix B: Link level simulation parameters for SRS IL imbalance

	Parameter
	Value

	Carrier Frequency 
	3.5 GHz 

	Subcarrier spacing  
	30 kHz 

	Channel Model 
	CDL-C in TR 38.901 

	Delay spread 
	300ns 

	UE velocity 
	3km/h 

	Allocation bandwidth 
	100 MHz 

	MIMO scheme 
	SU-MIMO  

	MIMO Rank 
	Rank-2 and Rank-4

	Precoding and precoding granularity 
	SVD with PRG size = 4 RBs

	UL SNR for SRS
	-10 dB

	Link adaptation 
	Enabled

	Channel estimation 
	Realistic DL-DMRS and Realistic SRS channel estimation 
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