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1. Introduction
At RAN#97 contributions [1-2] were submitted followed by [3] at RAN#98 and [4] RAN#99, all proposing to add a study of 2Rx devices in the Rel-18 XR Study Item. Later at RAN#99 [5], it was decided to move forward with 2Rx XR devices characterization to avoid the misuse of such feature and the following was proposed:

· Step-1: Recognize that form factor limitations of a subset of XR devices can make it impossible for these devices to support 4 antenna ports
· Exact characterization and form factor limitations of these devices are to be studied in RAN plenary. Contributions are invited to TSG-RAN#100 to address this. 
· Step-2: Contingent on the outcome of the Step-1:
· Recognize the importance of identifying these devices in the network, and potential network impact (e.g., performance, coverage, capacity) and UE impact.
· Details of Step-2 will be further defined following the maturity of Step-1

In this contribution, we give our views on possible ways to recognize form factor limitations of XR devices that make it impossible for such devices to support 4 antenna ports. 

2. Discussion

As discussed in our previous contribution [4], some XR devices, such as glasses, will have size limitation making it not possible to fit 4Rx. 
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[bookmark: _Ref136433981]Figure 1: Reproduction of Figure on XR form factors from TR 26.928
  
XR devices and form-factors were discussed in [6], and Figure 1 is a reproduction of the figure in that document showing different XR device form-factors. As can be seen, the 5G modem can be embedded in a variety of different form-factor XR devices.

Observation 1:  5G modem can be embedded in a variety of XR devices with different form-factors. 
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[bookmark: _Ref136434778][bookmark: _Ref136434773]Figure 2: XR Glass Antenna Location Options
As such, it will not be easy to precisely characterize the device form-factor limitations. Further, not all parts of the device are useful locations for antenna placement. Figure 2 shows the possible antenna locations on an AR Glass. As elaborated in [4], Location #1 is a preferred location for placing at least the first 5G antenna, but all other locations suffer from drawbacks due to one or more of high body loss, high cable loss and mechanical issues with routing cables via the hinges. Further, XR devices can have form-factor components related to ruggedization of the device, and those components might not be suitable for antenna placement. As such, it helps to demarcate the “volume of XR devices usable for 5G antenna placement”.

Observation 2:  Not all parts of an XR device are usable for 5G antenna placement. The part of an XR device suitable for 5G antenna placement can be demarcated as “volume of XR devices usable for 5G antenna placement”.

Further, it is well understood that antenna sizes are dependent on the frequency band of intended transmission and reception. For example, Table 1 is a listing of 5G NR bands with 4Rx requirement. The antenna size requirement can vary across the bands. Any characterization of form-factor limitation to allow 2Rx will have to consider that the limitation can be different for different bands. 

Observation 3:  Any characterization of form-factor limitation to allow 2Rx will have to consider that the limitation can be different for different bands.

[bookmark: _Ref136436522]Table 1: 5G NR Bands with 4Rx Requirement
	NR bands
	Uplink
	Downlink
	Duplex

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n38
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n48
	3550 MHz – 3700 MHz
	3550 MHz – 3700 MHz
	TDD

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n104
	6425 MHz – 7125 MHz
	6425 MHz – 7125 MHz
	TDD



Given these considerations, we propose that the form-factor limitation of an XR device be recognized on the “volume of XR devices usable for 5G antenna placement”, and further any quantification of that volume consider the intended frequency band of operation. 

Proposal: The form-factor limitation of an XR device that cannot support 4Rx antennas shall be recognized on the “volume of XR devices usable for 5G antenna placement”, and further any quantification of that volume consider the intended frequency band of operation.

One example of such a characterization of the form-factor limitation can be as follows: The volume of XR devices usable for 5G antenna placement shall be no more than a value of X volume units for all bands in the range low-bound1 to high-bound1, and a value of Y volume units for all bands in the range low-bound2 to high-bound2. 

3. Conclusion
In this contribution, we gave our views on characterizing the form-factor limitation of 100MHz 2Rx XR devices. The following observations and proposals were made. 

Observation 1:  5G modem can be embedded in a variety of XR devices with different form-factors. 

Observation 2:  Not all parts of an XR device are usable for 5G antenna placement. The part of an XR device suitable for 5G antenna placement can be demarcated as “volume of XR devices usable for 5G antenna placement”.

Observation 3:  Any characterization of form-factor limitation to allow 2Rx will have to consider that the limitation can be different for different bands.

Proposal: The form-factor limitation of an XR device that cannot support 4Rx antennas shall be recognized on the “volume of XR devices usable for 5G antenna placement”, and further any quantification of that volume consider the intended frequency band of operation.
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