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1	Background 
The issue of 2Rx for XR UEs in bands that require 4Rx has been discussed for several RAN meetings, and finally a way forward (WF) was approved. The task to RAN4 [1] was: 
	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 conducted REFSENS requirements. 
2 	Discussion
[bookmark: _Hlk159075323]If operators allow 2Rx XR UEs onto their network in bands that currently require 4Rx, there is a desire to minimize the impact to the network in terms of throughput and capacity. Therefore, if 2 Rx is allowed for XR devices in these bands, there is interest in tightening the 2Rx requirements to minimize the impact, and also to maximize the user experience. 
One way to study if it is feasible to tighten the conducted 2 Rx REFSENS requirements for XR devices in 4Rx bands is through analysis. We anticipate that others will pursue this path, so we will not do so in this paper.
Another way to study if it is feasible to tighten the conducted 2 Rx REFSENS requirements for XR devices in 4Rx bands is by examining the REFSENS requirements of commercial devices in bands where 4Rx is currently mandatory. T-Mobile USA gathered data from several commercial handheld UEs. We would have preferred to have a larger set of device results, but so far we have only received data for seven so far. All seven of these UEs supported NR band n41, but only two supported NR band n77. 
2.1 		Conducted REFSENS Requirements
The conducted REFSENS requirements for FR1 can be found in TS 38.101-1 clause 7.3.2. 
2.1.1 		n41 conducted REFSENS requirement
For the 30 kHz SCS, the two antenna port reference sensitivity QPSK PREFSENS for n41 is given by the formula:
-95.1 + 10log10(NRB/24)
For 100 MHz this translates to a two antenna port REFSENS of -84.5 dBm. 
The four antenna port reference sensitivity allowance ΔRIB,4R is -2.7 dB for n41. So, the four antenna port REFSENS is -87.2 dBm
[bookmark: _Hlk159076836]2.1.2 		n77 conducted REFSENS requirement
For the 30 kHz SCS, the two antenna port reference sensitivity QPSK PREFSENS for n41 is given by the formula:
-95.6 + 10log10(NRB/24)
For 100 MHz this translates to a two antenna port REFSENS of -85.0 dBm. 
The four antenna port reference sensitivity allowance ΔRIB,4R is -2.2 dB for n77. So, the four antenna port REFSENS is -87.2 dBm.
2.2 		Conducted REFSENS for Commercial Devices	
The conducted REFSENS data that we have is reported for a single stream through a single antenna port. We only have data from a limited number of devices, and they are of more recent vintage. We present the anonymized data here for the purposes of assessing if it would be possible to tighten the 2Rx REFSENS requirements for XR UEs in bands that required 4Rx. The data was all for 100 MHz channel bandwidth.
2.2.1 		n41 conducted REFSENS for Commercial Devices
Table 2.2.1-1 shows the measured single antenna port REFSENS for seven commercial UEs for each of their 4 antenna ports for n41. 
Table 2.2.1-1 Measured single port REFSENS for n41
	Device
	Port 1
	Port 2
	Port 3
	Port 4

	A
	-87.3
	-87.5
	-88.3
	-87

	B
	-86.5
	-84.9
	-85.8
	-88.8

	C
	-85.5
	-86
	-87
	-90

	D 
	-87.2
	-85.5
	-86.6
	-89.7

	E
	-87.7
	-87.3
	-89.1
	-88.6

	F
	-87.5
	-89.5
	-89.5
	-91

	G
	-83.3
	-88.9
	-86.1
	-89.3



Table 2.2.1-2 shows that for each of the 7 devices, at least one of the single ports meets the 4Rx REFSENS requirement. So, in theory, it would seem to be possible for a UE to meet the 4Rx REFSENS requirement with a single antenna port based on this limited sample of devices. 
Table 2.2.1-2 Min and Max single port REFSENS for n41
	Device
	Min
	Max

	A
	-88.3
	-87

	B
	-88.8
	-84.9

	C
	-90
	-85.5

	D 
	-89.7
	-85.5

	E
	-89.1
	-87.3

	F
	-91
	-87.5

	G
	-89.3
	-83.3



[bookmark: _Hlk159080187]Observation 1: All the 7 devices studied have at least one antenna port that can meet the 4Rx REFSENS requirement with a single antenna port for n41. 
Now, since 2Rx has been proposed and not 1Rx for n41, We thought it would be useful to apply the 2.7 2Rx to 4Rx sensitivity allowance to the single port measured REFSENS to see how the two port data might look.  
Table 2.2.1-3 Measured single port REFSENS data adjusted by -2.7 dB for n41
	Device
	Port 1
	Port 2
	Port 3
	Port 4

	A
	-90
	-90.2
	-91
	-89.7

	B
	-89.2
	-87.6
	-88.5
	-91.5

	C
	-88.2
	-88.7
	-89.7
	-92.7

	D 
	-89.9
	-88.2
	-89.3
	-92.4

	E
	-90.4
	-90
	-91.8
	-91.3

	F
	-90.2
	-92.2
	-92.2
	-93.7

	G
	-86
	-91.6
	-88.8
	-92



As can be seen in Table 2.2.1-4, for each of the devices if the single antenna port REFSENS is adjusted by 2.7 dB to allow for 2Rx antennas instead of one, even the worst performing 2Rx antennas in this sample can meet the 4Rx REFSENS requirement. 
Table 2.2.1-4 Min and Max single port REFSENS adjusted by -2.7 dBfor n41
	Device
	Min
	Max

	A
	-91
	-89.7

	B
	-91.5
	-87.6

	C
	-92.7
	-88.2

	D 
	-92.4
	-88.2

	E
	-91.8
	-90.2

	F
	-93.7
	-90.2

	G
	-92
	-88.8



Observation 2: All the antenna ports in the 7 devices studied when adjusted from 1Rx to 2Rx can meet the 4Rx REFSENS requirement for n41.
Table 2.2.1-5 shows the margin between the antenna performance for the best and worst antenna port scaled to 2Rx relative to the 4Rx REFSENS requirement. As can be seen, all but one of the single 28 tested antenna ports had at least 1 dB of margin when adjusted to 2 Rx and compared to the 4Rx REFSENS requirement. 
Table 2.2.1-5 Margin for single port REFSENS 
	Device
	Port 1
	Port 2
	Port 3
	Port 4

	A
	2.8
	3.0
	3.8
	2.5

	B
	2.0
	0.4
	1.3
	4.3

	C
	1.0
	1.5
	2.5
	5.5

	D 
	2.7
	1.0
	2.1
	5.2

	E
	3.2
	3.0
	4.6
	4.1

	F
	3.0
	5.0
	5.0
	6.5

	G
	3.8
	4.4
	1.6
	4.8



Observation 3: All but one of the 28 antenna ports studied, when adjusted from 1Rx to 2Rx have at least 1 dB of margin relative to the 4Rx REFSENS requirement for n41. 
2.2.2 		n77 conducted REFSENS for Commercial Devices
Since we only had data for 2 devices with n77, the data is less statistically meaningful than the n41 data, but it will be presented here anyway. 
Table 2.2.2-1 shows the measured single antenna port REFSENS for seven commercial UEs for each of their 4 antenna ports. 
Table 2.2.2-1 Measured single port REFSENS for n77
	Device
	Port 1
	Port 2
	Port 3
	Port 4

	A
	-88.4
	-89.4
	-88.2
	-87.3

	G (C-Band)
	-88.8
	-90.5
	-89.3
	-89.2

	G (DoD band)
	-88.5
	-90.3
	-89
	-89.6



Table 2.2.2-2 shows that for each of the 7 devices, all the single ports meet the 4Rx REFSENS requirement. So, in theory, it would seem to be possible for a UE to meet the 4Rx REFSENS requirement with a single antenna port based on this limited sample of devices. 
Table 2.2.2-2 Min and Max single port REFSENS
	Device
	Min
	Max

	A
	-89.4
	-87.3

	G (C-Band)
	-90.5
	-88.8

	G (DoD band)
	-90.3
	-88.5



Observation 4: For the two devices studied, all antenna ports can meet the 4Rx REFSENS requirement with a single antenna port for n77. 
3	Conclusion
Observation 1: All the 7 devices studied have at least one antenna port that can meet the 4Rx REFSENS requirement with a single antenna port for n41. 
Observation 2: All the antenna ports in the 7 devices studied when adjusted from 1Rx to 2Rx can meet the 4Rx REFSENS requirement for n41.
Observation 3: All but one of the 28 antenna ports studied, when adjusted from 1Rx to 2Rx have at least 1 dB of margin relative to the 4Rx REFSENS requirement for n41. 
Observation 4: For the two devices studied, all antenna ports can meet the 4Rx REFSENS requirement with a single antenna port for n77. 
Proposal: XR UEs that utilize the 2Rx antenna allowance shall meet the 4Rx conducted REFSENS requirements for bands where 4Rx is mandatory.  
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