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[bookmark: _Toc54284037] Introduction
The Rel-18 XR work item has started in Feb. 2023. The support of 2Rx for XR was discussed in RAN#98 and RAN#99, and a WF [10] was endorsed at RAN#98, and a second WF[12] was endorsed at RAN #99. In this contribution, we further discuss the support of 2Rx for XR.
Support of 2Rx in XR devices
When 5G was introduced, three pillar use cases were considered: i.e. eMBB, URLLC and mMTC. As mMTC has been covered by LTE evolution, the NR design was initially driven by eMBB and URLLC. 

In recent years, XR over NR has attracted much excitement from the wireless communications ecosystem, which has been manifested in Rel-17 XR study item, and Rel-18 XR SI/WI. XR includes AR (Augmented Reality), VR (Virtual Reality), and MR (Mixed Reality). In 3GPP discussions, cloud gaming is often included under XR discussion. Broadly XR is at least a new use case of NR.  Due to the support of high downlink/uplink throughputs, low latency and high reliability, XR poses large but surmountable challenges to system design behind the XR device. In the air interface part, RAN1/RAN2 have been tasked to evaluate and develop enhancements for the support of XR in Rel-18.  However, to make XR applications take off with the enhancements to be introduced in Rel-18, a key practical issue should not be ignored: 
Namely the number of receive antennas at XR device.

Compared with regular UEs,  the form factor of XR devices such as XR wearables is salient aspect, which has already been identified in the Rel-17 XR study (see excerpt below). On one hand, due to the small form factor of XR wearables, it can be much easier and more comfortable to wear than other choices, and it opens the door for its adaptation for diverse applications. 

	In addition to Smartphone based XR, XR experience is increasingly expected to be delivered via Head Mounted Displays (HMDs). The power considerations for HMDs are different from those of Smartphones. In particular, the power dissipation of AR glasses can be significantly lower than that of a smartphone, if the AR glass form factor is similar to that of prescription glasses and is expected to be worn for long durations. The AR glasses can have an embedded 5G modem providing 5G connectivity, or the AR glasses can be tethered (USB, Bluetooth, or WiFi) to a Smartphone for 5G connectivity. In both cases, the 5G connection must carry AR application traffic, and the UE power consumption from that traffic has a significant bearing on the viability of such AR glasses products. 
Further, the AR computation can be split between the AR glasses and Edge servers as discussed before. The computation split can reduce the overall power consumption on the device if the resulting traffic from the computation split does not increase the UE power consumption significantly.   
In the case of Cloud Gaming, the device is expected to be a Smartphone or Tablet. The power consumption and battery life of the device for a long duration Cloud Gaming experience is an important aspect to consider. 





On the other hand, also due to the small form factor and proximity to human head, placing 4Rx antennas can be difficult without compromising the appeal of XR wearables, and battery life and thermal management can be challenging also. For XR service to take off, a concerted effort from the whole ecosystem, including operators, infra vendors, UE vendors and applications developers, etc. to make their introduction as smooth as possible. If 4Rx does not add value to the introduction of XR and may complicate an already challenging design of XR wearables such as XR glasses & HMDs, then we propose to modify the requirement of supporting 4Rx for some FR1 bands with the following proposal.

Proposal 1: XR wearable devices can be exempted from the support of 4Rx for legacy bands where 4Rx is currently mandatory.

To explore the support of 2Rx for XR devices, one might be tempted to suggest the use of RedCap for XR. 
However, RedCap device may not be able to support all the XR services due to the limitation of 20MHz single CC.
Coverage of XR applications
If 2Rx is used instead of 4Rx for XR device, one question may be raised is whether it could lead to reduction of coverage of XR service. In this section, we review the study performed by RAN1 in Rel-17 which suggests that using 2Rx instead of 4Rx does not impact the coverage of XR applications.
[bookmark: _Toc54284038]XR use cases and XR traffic models
As many use cases can be categorized as XR, it is good to review the XR use cases identified in the Rel-17.  In SID of Rel-17 XR study, the use cases are enumerated below:
	The following applications are to be considered as starting points for this study:
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming
Note: Use cases in quotes are from TR26.928.



From Rel-17, a number of traffic models were agreed for the modeling of XR. For DL and UL, both single flow and multiple data flow traffic models were agreed.  
Statistical parameters for single stream DL VR/AR traffic model
	Parameters
	unit
	Baseline values for evaluation
	Optional values for evaluation

	data rate: R
	Mbps
	30, 45
	60

	frame generation rate: F
	fps or Hz
	60
	

	PDB
	ms
	10
	5, 20



Statistical parameters for AR UL Model 1 (one stream model)
	Parameters
	unit
	value

	Packet size
	byte
	Follows clause 5.1.1.1 (i.e., mean packet size = R×1e6 / F / 8, STD/Min/Max=10.5/50/150%)

	packet generation rate: F 
	Hz
	60

	Jitter
	ms
	Optional, follows the description in clause 5.1.1.2

	Data rate: R
	Mbps
	10 (baseline), 20 (optional)

	PDB
	ms
	30 (baseline), 10 or 15 or 60 (optional)



Statistical parameters for stream 3 of AR UL Model 3A (three streams model)
	Parameters
	unit
	value

	Data rate: R
	Mbps
	0.756, 1.12

	Periodicity: P 
	ms
	10

	Packet size
	byte
	mean packet size = R×1e6 × P/1000 / 8

	PDB
	ms
	30



It can be seen that 30 or 45 Mbits/sec for video is targeted for DL, and 10 or 20 Mbits/sec for video stream is targeted for UL, and each can be tied with a packet delay budget at 10 ms or 30 ms. Other data flows such as audio/data and pose/control have much lower throughput requirements, yet their periodicities can be much smaller than that of video streams. And how to support all the data flows in a power efficient way for UE and at the same time supporting many enough XR devices in the network have been worked on in Rel-18.  

While we will review the Rel-17 study item evaluation later, we feel it is important to state from Rel-17 study item evaluation, supporting XR applications with NR is feasible yet it does require concerted effort from network and UE to make it happen. Therefore, we have the following observation. 

Observation 1: Supporting uplink traffic with substantial throughput requirements is important for XR.  
Rel-17 RAN1 XR evaluation
In the Rel-17 XR study, RAN1 performed performance evaluation of XR for capacity, UE power consumption, coverage and mobility. 

For capacity evaluation, all the data streams of a UE are required to be received with more than 99% success rate to consider the UE as satisfied. As there is a latency budget for packets in each data stream, a packet can be dropped due to not enough scheduling opportunities when traffics for multiple UEs are served, or the link quality which can be characterized with CQI or coupling loss (coupling gain) is just not enough to sustain the traffic demand. 

Note the reliability requirement taken in RAN1 is 99%, which can be lower than the requirements taken in SA4, e.g. 99.9%. Due to practical reason not to mandate prolonged simulation campaign, the requirement at 99% was thought to be a reasonable compromise. 

In the Justification part of Rel-17 XR study item, it states
	Some XR and Cloud Gaming applications can require high-throughput and low-latency on the uplink. The performance of 5G on the uplink at the cell edge can be much different compared to performance at the cell-centre. The power limitations on the XR device can make this issue even more acute.



For evaluation on coverage, FR1 with Urban Macro with 500 meters for site-to-site distance was evaluated.  Below are the two methodologies in the Rel-17 XR TR:

Coverage Evaluation Methodology 1
For a given XR application (AR/VR/CG) in a given deployment scenario (DU/InH/UMa), the XR/CG in DL or UL coverage is determined as follows:
-	Run SLS with #UEs per cell = 1 as shown in Figure A.3-1 and/or XR/CG capacity using the XR system capacity evaluation methodology presented in A.1.
-	Determine the "satisfied UE" and evaluate coupling gain for those UEs. 
-	The coverage is defined to be the 5-percentile point in CDF of coupling gain for the "satisfied" UEs.
Note: For this methodology, the evaluation of coupling gain will be impacted by e.g., interference and scheduler mechanism, etc.
[image: ]
Figure A.3-1: Layout and UE distribution in Methodology 1 (1 UE per cell)






It can be seen Methodology 1 and Methodology 2 address the coverage aspects from different angles:Coverage Evaluation Methodology 2
For a given XR application (AR/VR/CG) for a given deployment scenario (DU/InH/UMa), the XR/CG in DL or UL coverage is determined as follows:
-	Run SLS with #UEs per cell = 1 as shown in figure A.3-2. The UE is randomly dropped in the entire network (or in all the cells) that is associated with one of the three center cells (or gNBs), i.e., only one of the center gNBs is activated.  
-	Run SLS according to capacity evaluation methodology and determine whether the UE is satisfied or not.
-	The coverage is defined to be the 5-percentile point in the CDF curve of coupling gain for all the satisfied UEs.

[image: ]
Figure A.3-2: Layout and UE distribution in Methodology 2 (1 UE / network)

· Evaluation with Methodology 1 reveals in a network loaded with XR devices at the network’s capacity, the coupling gain at the bottom 5 percentile, which tells the coverage with interference limited deployment.

· Methodology 2 is similar to the link level simulation conventionally used in 3GPP evaluations, due to the particular XR traffic models, which are more elaborate than most traffic models used in previous releases, adaptation of the system level simulation was found useful in avoiding modifying LLS with the XR traffic models.  Methodology 2 reveals the coupling loss of having a single  XR device in the whole network, which tells the coverages with thermal noise deployment.

Evaluation with Methodology 1 for UMa
	Link direction
	Applications
	PDB (ms)
	#UE/cell
	XR Coverage

	
	
	
	
	Mean (dB)
	Value (dB)

	DL
	VR/AR30
	10
	9 (Capacity)
	-136.81
	-132.86

	
	
	
	10 (Capacity)
	
	-140.76

	
	
	
	1
	-138.46
	-137.19

	
	
	
	
	
	-140.9

	
	
	
	
	
	-138

	
	
	
	
	
	-137.73

	
	VR/AR45
	10
	4 (Capacity)
	-136.26
	-132.95

	
	
	
	6 (Capacity)
	
	-139.56

	
	
	
	1
	-136.58
	-136.58

	
	CG30
	15
	12 (Capacity)
	-137.12
	-134.38

	
	
	
	11 (Capacity)
	
	-139.86

	
	
	
	1
	-137.59
	-137.19

	
	
	
	
	
	-138

	UL
	Pose
	10
	1
	-130.5
	-136.01

	
	
	
	
	
	-125

	
	AR 1 stream
	30
	1
	-119.99
	-121.61

	
	
	
	
	
	-124.2

	
	
	
	
	
	-123

	
	
	
	
	
	-111.13



Evaluation with Methodology 2 for UMa
	Link direction
	Applications
	PDB (ms)
	XR Coverage

	
	
	
	Mean (dB)
	Value (dB)

	DL
	VR/AR30
	10
	-145.32
	-145.33 

	
	
	
	
	-150.07

	
	
	
	
	-144.65

	
	
	
	
	-141.7

	
	
	
	
	-144.84

	
	VR/AR45
	10
	-143.85
	-143.85

	
	CG30
	15
	-147.16
	-146.88 

	
	
	
	
	-148.2

	
	
	
	
	-146.4

	UL
	Pose
	10
	-139.45
	-137.81 

	
	
	
	
	-139.8

	
	
	
	
	-140.5

	
	AR 1 stream
	30
	-120.01
	-122.5

	
	
	
	
	-126.39

	
	
	
	
	-111.13

	
	AR 2 stream
	10,30
	-121.7
	-121.7



The evaluation results reveal there is a difference in the coupling gain requirements for DL and UL, and UL is short by 15 dB (Methodology 1) or 24 dB (Methodology 2) for AR. Only for a very special case of VR, where pose/control at low data throughput is generated in uplink and there is no video stream or audio/data streams in uplink, the gap is smaller, yet is still roughly 6 dB. 

Of course, to provide satisfactory XR service, both uplink and downlink need to work, and the number of XR devices supported in a network is ultimately decided by the more stringent requirement between DL and UL. Based on the evaluation results, we have the following observations.

Observation 2:
· Uplink link budget is the bottleneck to achieve network capacity as quantified by satisfied XR UEs. 
· Often there is 15 dB to 24 dB difference in downlink link budget and uplink link budget requirements, in favor of the downlink.

Observation 3: a large coverage in DL does not help to improve system capacity if uplink coverage is the limiting factor. 

Observation 4: using 2Rx instead of 4Rx does not degrade the coverage of XR applications.
Discussion
As a key aspect for the success of XR, we need to address the 4Rx issue in Rel-18.  

From the Rel-17 evaluation as discussed in previous sections, it is already established that 2Rx for XR devices won’t degrade coverage targeting XR applications or leads to the shrinkage of XR servable area. 

Then to enable the support of 2Rx for XR devices, the discussion can focus on methods to distinguish XR device from handheld UE. For that, the precedence established by vehicular UEs can be reused [7][8]: for example, through the use of SPID (Subscriber Profile Identification), operator can identify a 2Rx XR device, and authorize/perform service management for the 2Rx XR device.

Discussion at RAN #98e

There were discussions on 2Rx for XR at RAN #98e, and a WF (RP-223504) was endorsed:


Way Forward on 2Rx for XR

· Keep the discussion in RAN plenary – no WG discussions!
· Allow companies more time to bilaterally and multilaterally discuss the key aspects until March, e.g.:
· What type of XR devices can have 2Rx relaxation, what are the exact physical (e.g form factor) limitations that make such a relaxation for these XR devices important?
· How to identify these XR devices in the network?
· How to prevent misuse of the 2Rx relaxation by other devices (e.g. smartphones)?
· Is any further relaxation foreseen to be needed for these devices, e.g. on BW?
· etc..

· Come back at RAN#99 in March and try to define a way forward.

Discussion at RAN#99

In our previous contribution, we provided detailed views on all the issues/concerns identified during RAN#98
	Identified Issue #1: “What type of XR devices can have 2Rx relaxation, what are the exact physical (e.g form factor) limitations that make such a relaxation for these XR devices important?”
· One could argue that different XR wearable device may have different form factor in terms of dimension/size, etc., therefore, it is possible that not all XR wearable devices need the 2Rx relaxation. 
· However, it is very difficult for 3GPP to define or agree on the “exact physical (e.g form factor) limitations.”
· Inevitably, the discussion involves the actual device industrial design.
· 3GPP is not the ideal place for discussion related to industrial design.
· It is extremely unlikely or impossible for device companies to disclose the industrial design, e.g., device dimension, for the non-released devices to 3GPP. 
· Meanwhile, we do think it is beneficial to provide NW with mechanisms to control which device can have 2Rx relaxation. 
· The mechanism can be designed together with the solutions to address the Identified Issue #2 and #3.
· This allows more flexible deployment of XR wearables for the benefit of both device vendor and operators. 



	Identified Issue #2: “How to identify these XR devices in the network?”
Identified Issue #3: “How to prevent misuse of the 2Rx relaxation by other devices (e.g. smartphones)?”
· We are supportive of introducing mechanisms to allow NW to identify the XR devices that can have 2Rx relaxation, and to prevent misuse of the 2Rx relaxation by other devices (e.g., smartphones)  
· Currently, we think the solutions adopted for vehicular 2Rx relaxation, as captured in TR 38.826, can be the start point, i.e., 
· For 2Rx XR wearable UE, network-based identification is required for authorization purposes. 
· A possible solution to implement based on SPID value in 36.300 and 38.300, e.g., [254]
· Endorse a CR similar to  
· RP-182847  “Addition of an SPID value for vehicle UE subscriber” 
· RP-182799 “Addition of Annex X for SPID ranges”
· Definition of 2Rx XR wearable UE in TS 38.101-1 is needed. 
· TP: “2Rx wearable UE: A UE which is intended to be worn on human head with assigned SPID of [254]”
· Use existing UE capability signaling for # of MIMO layers to differentiate 2 Rx UE from 4 Rx UE 
· Declare and differentiate 2Rx XR wearable UE through 3GPP compliance testing via GCF/other certification organizations. 
· UE is expected to be 3GPP compliant.



	Identified Issue #4: “Is any further relaxation foreseen to be needed for these devices, e.g. on BW?”
· We prefer to allow 2Rx XR UE to support similar BW/CA as regular eMBB UE without further restriction as start point.
· At least, for the most advanced 2Rx XR UE, there is no obvious user experience benefit to further restrict the maximum number of BW per CC and/or total number of CCs that a UE can support.
· e.g., in FR1, allow 2Rx XR UE to support maximum 100MHz CC and CA (more than 1 CC) based on UE capability report. 
· If NW has spectrum concern or other concerns, just like the current eMBB operation, NW can always configure UE with smaller amount of BW and/or smaller number of CCs. 
· The goal of 2Rx XR relaxation is to allow device vendor to have more flexible/practical XR wearable device design that can deliver the best user experience, the intention is not to deliberately handicap the performance of XR wearable devices. 



	Potential Issue #5: performance concern, e.g., coverage, resource utilization, capacity 
· In our view, the existing “Rel-17 XR study on XR (Extended Reality) Evaluations for NR”, i.e., captured in TR38.838 is largely sufficient.
· The performance bottle neck of XR service is UL dominated mainly due to the transmit power difference between the gNB and UE.
· For example, for coverage of DL and UL, DL is better than UL by more than 15dB.
· Even for the case of very light UL traffic, i.e., only pose/control at low data throughput, DL is still better than UL by 6dB.
· The evaluation observation in TR38.838 is in line with other similar evaluations for other purposes, especially in terms of the coverage, i.e., UL is the performance bottle neck. 
· Even for vehicular UE 2Rx study, it only focused on the coverage without the need of throughput evaluation, etc. 
· The goal of the 2Rx XR relaxation is to provide user with the best user experience. 
· This is the common interest for the whole ecosystem including UE vendors and operators.



Furthermore, to address the concern that 2Rx device may perform significantly worse than 4Rx device, we proposed that we could consider RAN4 OTA (TRP/TRS) requirement work to minimize the performance gap between 2Rx and 4Rx devices for 2Rx XR relaxation, e.g., considering the feasibility of unifying OTA performance requirement of 2Rx and 4Rx devices. More details can be found in [11].

With the above detailed explanation, we provide a WF in RP-230612 [9] to address all the raised issues. Our proposals from RP-230612 [9] are copied below for easy reference.

[image: ]


Then from good discussions among many companies, RAN#99 endorsed the WF in RP-230740 [12]:

[image: ]
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Further discussion
From the discussion history, it should be apparent that Apple has been making sincere efforts to address concerns from operators and other companies in the ecosystem. 

The design of any product, especially that for consumer electronics, involves multidisciplinary design, which may be driven by user experience, functionality, aesthetics, portability/size, etc. As for functionality, there can be many requirements, e.g., for XR, display, the connectivity technology. The support of any of them may inevitably take real estate on the XR device and, in reality, they are competing for room on the XR device and the adoption of each has to be justified. Specifically for radio technology, there are XR devices enabled by Wi-Fi capability already. In other words, the value of NR needs to be compelling enough for the considered use case/product offering/etc. to be designed into the product. 

A key driver for 2Rx relaxation is to provide design flexibility under the form factor limitation of XR devices. If the use of the NR technology is so difficult for certain XR design choices, then the NR radio connectivity will be excluded from functionalities supported by those XR designs, which will be a loss for all parties in the 3GPP ecosystem. If NR can be used for XR devices, e.g., with 2Rx, it should be treated a welcome opportunity for the 3GPP ecosystem.  

We recognize that there are cases where 4Rx can be supported for some types of HMD, that should be treated a win for the 3GPP family technology. However, that does not mean all XR HMDs with NR connectivity should be installed with 4Rx. Clearly defining XR HMD and XR glasses may not be feasible: 
If their definitions are rigid and are tied to existing XR devices, then any new XR devices in the future need to follow existing XR devices’ design choices and innovation will be blocked, which is obviously not desirable. Second there can be XR devices which may come between existing HMD and XR glasses, which would defy any simple classification. Also, multiple design objectives (some of which may not be related to radio technology at all) may be competing for space on the device, not forcing a XR device to adopt 4Rx may give a better choice for design-in for NR.  Just as XR devices with NR at 4Rx should be considered a win for the 3GPP family technology, XR devices with NR at 2Rx should be also considered a win for the 3GPP family technology. We also would like to point out that one of the crucial design goals of XR devices is to make it comfortable to wear regardless of whether it is called HMD or glass or something else. As 2Rx relaxation is mainly to address the form factor limitation of XR devices, the 2Rx relaxation should be equally applicable to any device types and, in fact, there is no need to even create different device types in terms of HMD, glass, etc. Hence, we have

Observation 5: It is difficult to differentiate XR devices based on concepts like HMD and glasses, as they are not well-defined.

Proposal 2: the 2Rx relaxation for XR is not tied to the definition of further divided device sub-categories such as XR HMD and XR glasses.

As we discussed in previous sections, there are multiple mechanisms which allow operators to control what devices are admitted in their network. 

We still think addressing the coverage difference between regular 4Rx UE and 2Rx XR UE through OTA requirements deserve exploration. 

In summary, we have:
Proposal 3: To progress on 2Rx for XR:	
· Specify mechanism to enable (XR) wearable devices to support only 2Rx antenna ports in the NR bands in which 4Rx antenna ports is mandated in legacy under the control of operators, consider the combination of the following mechanisms.
· For 2Rx wearable UE, network-based identification is required for authorization purposes.  
· Consider the solution based on SPID value in 36.300 and 38.300, e.g., [254].
· Consider restrictive description of 2Rx wearable UE in TS 38.101-1 to restrict the applicability of 2Rx relaxation.
· Adopting the text proposal: “2Rx wearable UE: A UE which is intended to be worn on human head with assigned SPID of [254]”.
· UE reports the 2Rx antenna port support explicitly via capability reporting, e.g., using the existing UE capability signaling for # of MIMO layers to differentiate 2Rx UE from 4Rx UE.
· Declare and differentiate 2Rx (XR) wearable UE through 3GPP compliance testing via GCF/other certification organizations. 
· UE is expected to be 3GPP compliant.
· Consider RAN4 OTA (TRP/TRS) requirement work to minimize the performance gap between 2Rx and 4Rx XR devices for 2Rx relaxation, e.g., consider the feasibility of unifying OTA performance requirement of 2Rx and 4Rx XR devices.



Conclusion
In this contribution we provide our views on 2Rx for XR. We have the following observations 

Observation 1: Supporting uplink traffic with substantial throughput requirements is important for XR.  

Observation 2:
· Uplink link budget is the bottleneck to achieve network capacity as quantified by satisfied XR UEs. 
· Often there is 15 dB to 24 dB difference in downlink link budget and uplink link budget requirements, in favor of the downlink.

Observation 3: a large coverage in DL does not help to improve system capacity if uplink coverage is the limiting factor. 

Observation 4: using 2Rx instead of 4Rx does not degrade the coverage of XR applications.

Observation 5: It is difficult to differentiate XR devices based on concepts like HMD and glasses, as they are not well-defined.

Based on our observations, we have the following proposals

Proposal 1: XR wearable devices can be exempted from the support of 4Rx for legacy bands where 4Rx is currently mandatory.

Proposal 2: the 2Rx relaxation for XR is not tied to the definition of further divided device sub-categories such as XR HMD and XR glasses.

Proposal 3: To progress on 2Rx for XR:	
· Specify mechanism to enable (XR) wearable devices to support only 2Rx antenna ports in the NR bands in which 4Rx antenna ports is mandated in legacy under the control of operators, consider the combination of the following mechanisms.
· For 2Rx wearable UE, network-based identification is required for authorization purposes.  
· Consider the solution based on SPID value in 36.300 and 38.300, e.g., [254].
· Consider restrictive description of 2Rx wearable UE in TS 38.101-1 to restrict the applicability of 2Rx relaxation.
· Adopting the text proposal: “2Rx wearable UE: A UE which is intended to be worn on human head with assigned SPID of [254]”.
· UE reports the 2Rx antenna port support explicitly via capability reporting, e.g., using the existing UE capability signaling for # of MIMO layers to differentiate 2Rx UE from 4Rx UE.
· Declare and differentiate 2Rx (XR) wearable UE through 3GPP compliance testing via GCF/other certification organizations. 
· UE is expected to be 3GPP compliant.
· Consider RAN4 OTA (TRP/TRS) requirement work to minimize the performance gap between 2Rx and 4Rx XR devices for 2Rx relaxation, e.g., consider the feasibility of unifying OTA performance requirement of 2Rx and 4Rx XR devices.
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* 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
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