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1.	Introduction
RAN has tasked RAN4 in whole to:
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.
In this paper we discuss what and how the XR device should be captured in the 38.101-1 and discuss and propose REFSENS aspects.
2. 	Discussion
2.1	Capturing definition of XR devices
As instructed by [2] “Capture the definition of 2Rx non-REDCAP XR devices in [38.101-1] using the definition from RAN#101 (c.f. RP-232657)”, the definition of XR device from [1] here is: 
A non-RedCap XR-wearable UE can be considered for 2Rx relaxation (for frequency bands where 4Rx is mandated) if and only if: 
-	Intended to be worn on the human head;
-	When in use, is intended to be supported only by/behind the ears and by a nose-bridge resulting in a constrained form factor with limited volume available for Rx chains;
There are drafts CRs to 38.101-1 with this language in for the definition in [3]. 
2.2	REFSENS feasibility aspects
2.2.1 Scope
The mandatory 4Rx bands as defined in clause 7.2 of TS 381.101-1 are bands:  n7, n38, n41, n48, n77, n78, n79, n104. 
The difference between 2Rx and 4Rx REFSENS is defined in Table 7.3.2-2 of TS 38.101-1 as below with mandatory 4Rx bands highlighted here. 
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
	Operating band
	ΔRIB,4R (dB)

	n5, n8, n13, n28, n71, n85, n105
	-2.71

	n1, n2, n3, n25, n30, n40, n7, n34, n38, n39, n41, n66, n70
	-2.7

	n48, n77, n78, n79, n104
	-2.2

	NOTE 1:	4 Rx operation is targeted for FWA form factor



The upper limit for the possible 2Rx tightening is 2.2 or 2.7 dB depending on the band. Here it should be noted that implementing 4Rx XR device is not precluded so the possible REFSENS tightening should only apply to 2Rx devices hence the specification can not only change the 2Rx REFSENS value in Table 7.3.2-1a and Table 7.3.2-1b but the tightening should be confined to the 2Rx devices of XR form factor.
Observation 1: The scope of the feasibility discussion for the conducted REFSENS tightening is limited to bands n7,n38, n41, n48, n77, n78, n79 and n104 for XR device which implements two RX ports for these bands 
2.2.2	Technical feasibility for improvement
The device population has matured to a certain performance level based on current requirements. The technologies have been developed accordingly. Currently better sensitivity can be achieved by implementing so called external LNE architecture. In device, this enables the positioning of the first gain component closer to the antenna and minimise the lossy transmission lines inside the device and improve receiver noise figure, as explained by Friis formulas for noise.  The diagram in Figure 1 explains the principle. 

Figure 1. External LNA and internal LNA
The drawback of this approach is added cost of an active device in the receiver path and to some level, added complexity in the receiver path gain management. Managing and implementing as many bands in one SKU become more difficult with added cost and may lead to favoring performance on some bands over other since the RFIC is likely to be the same in both solutions that contains internal LNA anyway.
Current consumption is also increased since the added chip will needs its own power management and bias, references etc can not shared.  
Performance can be improved further by implementing external LNA with more exotic process such as III-V compound technologies and in an extreme case implement cryogenic receivers like what they use in radio astronomy. 
Observation 2: Receiver noise figure can be improved by using more expensive solutions or more power or area.
2.3	Radiated performance feasibility
The device in question as defined in the [1] says it is intended to be worn on human head. The device in use position is located higher above possible obstacles than the handheld device. We can assume that the device does not need interaction with the hand, placing it almost to the free space conditions with antennas unobstructed by any body part. On the other hand, if the device formfactor is closer to eyeglass, such as the Ray-Ban Meta glasses, and not like Apple Vision Pro, the volume and placement options for the antennas are limited. In some discussion, head phantom for this purpose would include outer parts of the ear that may obstruct antennas placed under them.   
Observation 3: XR devices have some characteristics that have potential for better radiated performance than handheld devices 
It is, however, close to impossible to provide quantitative statement at this phase since proper phantoms are not available for objective test results. 
2.4	Way forward with the RAN task
The description of the XR device should be easy to agree. Also the specification engineering for 2Rx allowance is simple since precedent exist from vehicular case.
Two open items will need discussion: 1) whether to implement conducted REFSENS tightening or not 2) How to handle the OTA performance aspect. 
For item number 1, the scope of the tightening needs a carefull discussion and it should be concluded with clear specification language to avoid interpretation errors. Conclusion can also be that there is no tightening. The amount of tightening is less ambiguous and that could even be discussed separately. 
Proposal: RAN4 shall not conclude on conducted refsens tightening without concluding proper specification language   
For item 2, the RAN4 conclusion should be conveyed to the plenary since RAN4 can not agree WID level details. 
Conclusion
We discussed feasibility for tightened requirements for XR device receiver performance, considering conducted and OTA. We see a possibility for improvement compared to handheld device in both areas but they will come their own penalties.  We observed the following:
Observation 1: The scope of the feasibility discussion for the conducted REFSENS tightening is limited to bands n7,n38, n41, n48, n77, n78, n79 and n104 for XR device which implements two RX ports for these bands 
Observation 2: Receiver noise figure can be improved by using more expensive solutions or more power or area.
Observation 3: XR devices have some characteristics that have potential for better radiated performance than handheld devices 
How to close the RAN task and draft CRs for RAN#103, will need discussion. There maybe a need for WF for OTA part that may include some draft for new WI objectives for XR device radiated performance. 
For conducted part, to assist proper transparency of the agreements, we provided a proposal:
Proposal: RAN4 shall not conclude on conducted refsens tightening without concluding proper specification language   
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