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[bookmark: _Toc54284037] Introduction
The Rel-17 XR study item was completed in Q4 2021, and the outcome has been captured in 38.838[3].
The Rel-18 XR study item has started in May 2022, which is expected to be followed by a WI in Rel-18, and TR 38.838 is a useful starting point for the Rel-18 study item/work item. In this contribution, we provide our views on XR and especially on the support of 2Rx for XR devices.
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 not only 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. 

Figure 1 Excerpt from Rel-17 XR study Item

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.

We have 

Proposal 1: XR wearable is exempted from the support of 4Rx.


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 will be 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. 

We have 
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. 

We have 
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.




Proposed way forward
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.

In summary, we have 

Proposal 2: For 3GPP Rel-18 XR Work Item, include the following objective:	
· Specify mechanism to support new device type (XR) that is only mandated to support 2Rx antenna ports in the NR bands in which 4Rx antenna ports is mandated in legacy design [RAN4, RAN2]

XR SI status in RAN2
For Rel-18, RAN approved a study on XR Enhancements for NR [5]. The study consists of three main objectives, XR-awareness in RAN (RAN2), XR-specific Power Saving (RAN1, RAN2), and XR-specific capacity improvements (RAN1, RAN2). Based on separate assessments in RAN1 and RAN2 during the November WG meetings, the SI objectives on Power Saving and Capacity have been considered complete in both RAN1 and RAN2. However, the last objective on XR-awareness in RAN has not progressed sufficiently well in RAN2.

Although RAN2 progressed on general aspects of XR awareness and QoS parameters, it has not been possible to conclude on the Layer 2 structure for XR by selecting one or multiple of the mapping alternatives listed in TR 38.835 clause 5.1.2. In particular, the mapping of PDU Sets to DRBs and LCHs is still open. 

Further aspects of XR-awareness include, for example, to what extent a differentiated treatment of PDU Sets is required in the Access Stratum, and whether RAN2 must provide reordering and in-order delivery between PDU Sets as part of the layer 2 protocols. Both of these aspects influence the possible choices of PDU Set to DRB/LCH mapping options in RAN2. Additional details have to be clarified with SA2 and SA4 in response to a LS RAN2 has prepared at the last meeting [6]. RAN2 is going to need a discussion to conclude on remaining solution directions. The evaluation of XR-awareness evaluation should serve as a base by providing a framework for the treatment of PDU Sets in the Access Stratum.

In our view the SI objective of XR-awareness needs further work, however, other XR objectives can progress independently. 

Proposal 3: Allow RAN2 to conclude the study on XR-awareness within the next quarter, while other objectives may progress to WI Phase. 

[bookmark: _Toc54284050]Conclusion
In this contribution we provide our views on Rel-18 XR, especially 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.

Based on our observations, we have the following proposals

Proposal 1: XR wearable is exempted from the support of 4Rx.

Proposal 2: For 3GPP Rel-18 XR Work Item, include the following objective:
· Specify mechanism to support new device type (XR) that is only mandated to support 2Rx antenna ports in the NR bands in which 4Rx antenna ports is mandated in legacy design [RAN4, RAN2]

Proposal 3: Allow RAN2 to conclude the study on XR-awareness within the next quarter, while other objectives may progress to WI Phase. 
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