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Introduction
The issue of 2Rx XR UE has been discussed for several RAN meetings, and finally the WF was approved. The task to RAN4 was excerpted as below [1]:
	Task RAN4 to develop Release-18 draft CR(s) to RAN#103 for ‘2Rx non-REDCAP XR devices’:
· Capture the definition of 2Rx non-REDCAP XR devices in [38.101-1] using the definition from RAN#101 (c.f. RP-232657)
· Determine the feasibility of tightened 2Rx REFSENS requirements (in relation to existing 2Rx and 4Rx REFSENS) for the bands where 4Rx is mandatory and provide the feasible REFSENS values. RAN4 shall consider both conducted requirements as well as OTA considerations.


From evaluation perspective, there are two tasks for RAN4, i.e. feasibility of tightened conductive 2Rx REFSENS, and consideration on the OTA based requirement.
This contribution provides analysis for the 2Rx XR issue according to the RAN WF.
Discussion
Conductive 2Rx REFSNES for XR
For below 6GHz, the REFSENS level can be calculated by the equation below:
	Sensitivity = -174dBm(kT) + 10*log(RX BW) + NF + SNR +IM – diversity gain
If 2Rx is considered, the diversity gain is 3dB and the Implementation Margin (IM) uses 2.5dB. 
From all the parameters to comprise the formula of sensitivity, the parameter we think could be adjusted is IM. For handheld UE, more antennas and combinations are supported compared to a non-RedCap XR device, which means larger value of implementation margin considered for handheld UE is reasonable. Furthermore, relaxed REFSENS for 2Rx XR may harm the network performance and QoS user perception, which is a big concern for operators [2]. Thus, we think tightening the REFSENS for 2Rx XR is a tradeoff between the implementation and performance. We don’t expect the REFSENS requirement for 2Rx XR is comparable to that for 4Rx, but some extent of tightening on top of the 2Rx REFSENS specified for handheld UE is possible. In similar way to specifying the relative requirement for 4Rx, the following table is proposed for 2Rx non-RedCap XR device, and the proposal is also reflected in a companion CR in [3].
For 2Rx non-RedCap XR UE, reference sensitivity for 2Rx antenna ports in Table 7.3.2-1 of TS 38.101-1 shall be modified by the amount given in ΔRXR,2R in Table 1 for the applicable operating bands.
Table 1: Two antenna port reference sensitivity allowance ΔRXR,2R
	Operating band
	ΔRXR,2R (dB)

	n7, n38, n41
	-1.5

	n48, n77, n78, n79, n104
	-1.0



Proposal 1: It is proposed to define the REFSENS of 2Rx non-RedCap XR in a relative manner similar to that for 4Rx, i.e. introduce ΔRXR,2R and add it on top of 2Rx REFSENS for handheld UE.
Proposal 2: The introduced ΔRXR,2R should be distinguished with different values for the bands which are mandatorily supporting 4Rx.
TRS for 2Rx XR
The effort to specify the OTA TRP & TRS requirements for handheld UE started from Rel-17, however, even in Rel-18, only several bands were specified with the OTA requirements for the time being. The TRS requirement for the specified bands can be found in the latest TS 38.161 [4].
Table 7.2.1.1.1-1: Handheld PC3 and PC2 UE TRS minimum performance requirement for NR FR1 bands in the hand phantom browsing position and the primary mechanical mode
	NR Band
	Bandwidth (MHz)
	Usage Scenario
	Power Class 3 and Power Class 2

	
	
	
	Average TRS (dBm)

	
	
	
	UE width ≤ 72mm
	UE width > 72mm

	n28
	20
	HL and HR
	
	

	n41
	100
	HL and HR
	
	-80

	n78
	100
	HL and HR
	
	-81.2

	n79
	100
	HL and HR
	
	



Specifying the OTA requirement is extremely difficult as the requirement is based on test campaign with appropriate procedure. Part of the updated test procedure in the WF agreed in last RAN4 meeting is cited as below for reference [5]:
	6. Specify TRP TRS requirements:
a) Only the results from aligned labs will be considered for specifying requirements
b) Requirements will not be specified if the following thresholds [further check in RAN4#109] are not satisfied by the devices pool:
i. Minimum number of devices for each band, each device size, each power class: [40] 
ii. Minimum number of device models: [30]
iii. Minimum number of devices' vendors: 5
iv. Percentage of devices from [2021 to 2024]: [100%]: 
v. Percentage of the devices that are certified by PTCRB/GCF/NAL-CTA/CE/FCC: [100%]


We see the thresholds for specifying OTA requirements are very high since the measurement campaign is based on commercially available UEs with sufficient device models as well as samples from different vendors. However, the XR devices, no matter 4Rx or 2Rx, are not available in the market, not to say plenty of samples for the measurement campaign. 
In addition, following the current procedure adopted by RAN4, for the operating bands which are mandatorily to support 4Rx, RAN4 only develop 4Rx requirements based on measurements of 4Rx devices. During the discussion in RAN meetings for the 2Rx XR issue, some vendors also claimed that OTA performance of XR glasses can be expected to be better compared to what would be achievable on a pair of antennas in a 4Rx smartphone. In that sense, a unified set of OTA requirements for 4Rx XR and 2Rx XR is expected. 
Given the fact that mass commercial 2R/4R XR devices are not available yet, and some companies think that placement of 2Rx antenna could have advantage for the OTA performance, with the task for the OTA requirements for 2Rx XR in Rel-18, we feel that the practical way is to adopt the already specified 4Rx TRS requirement for those bands with exception for the 2Rx non-RedCap XR devices if OTA requirements for XR are deemed to be specified in Rel-18 according to the RAN task. 
Observation 1: OTA TRS requirement is specified in RAN4 band by band with relatively high thresholds that number of commercially available devices should be sufficient with different models from different vendors.
Observation 2: For the bands which are mandatorily supporting 4Rx, RAN4 only develop the OTA requirements based on measurement of 4Rx devices.
Observation 3: Mass commercial 2R/4R XR devices are not available yet to comply with the measurement campaign required by the RAN4 procedure for specifying the OTA requirements
Proposal 3: It is proposed to specify one set of OTA TRS requirement for both 4Rx XR and 2Rx XR for the NR bands which are mandatorily to support 4Rx
Proposal 4: It is proposed to adopt the existing 4Rx TRS requirement, specified for handheld UE, for 2Rx non-RedCap XR device

Conclusion
This contribution provides analysis on requirements for 2Rx non-RedCap XR UE according to the RAN WF. Our observations and proposals for addressing the XR REFSENS issue are also provided.
Proposal 1: It is proposed to define the REFSENS of 2Rx non-RedCap XR in a relative manner similar to that for 4Rx, i.e. introduce ΔRXR,2R and add it on top of 2Rx REFSENS for handheld UE.
Proposal 2: The introduced ΔRXR,2R should be distinguished with different values for the bands which are mandatorily supporting 4Rx.
Observation 1: OTA TRS requirement is specified in RAN4 band by band with relatively high thresholds that number of commercially available devices should be sufficient with different models from different vendors.
Observation 2: For the bands which are mandatorily supporting 4Rx, RAN4 only develop the OTA requirements based on measurement of 4Rx devices.
Observation 3: Mass commercial 2R/4R XR devices are not available yet to comply with the measurement campaign required by the RAN4 procedure for specifying the OTA requirements
Proposal 3: It is proposed to specify one set of OTA TRS requirement for both 4Rx XR and 2Rx XR for the NR bands which are mandatorily to support 4Rx
Proposal 4: It is proposed to adopt the existing 4Rx TRS requirement, specified for handheld UE, for 2Rx non-RedCap XR device
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