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1. Introduction 
eXtended Reality(XR), an umbrella term for different forms of realities such as Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR),  is one of the most important 5G applications. In RAN#86 meeting [1], a new study item on XR evaluations for NR was approved, with the following objectives:  
	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.

The following traffic parameters for the different applications are to be considered as starting point for the study:

Traffic characteristics:

· UL and DL File Size distribution (e.g., Pareto with given parameters)

· UL and DL File arrival time distribution (e.g., Periodic every 1/60 seconds)

Traffic requirements: 

· Round-trip-time or UL and DL one-way Packet delay budget (PDB)

· UL and DL Packet error rate (PER)

The objective of this study item are as follows:

1. Confirm XR and Cloud Gaming applications of interest

2. Identify the traffic model for each application of interest taking outcome of SA WG4 work as input, including considering different upper layer assumptions, e.g. rendering latency, codec compression capability etc.

3. Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios

4. Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs 

Note 1: eURLLC SI/WI work relevant to XR should be taken into consideration.

Note 2: Traffic model for the performance evaluation shall be based on the standardization in SA WG4  


To evaluate the XR over NR network, the traffic models of different XR use cases, KPIs and evaluation methodology, and deployment scenarios need to be studied. In this contribution, we provide our view on the above issues and discuss the challenges of XR for NR network.
2. Traffic model
According to the traffic characteristics, SA defined 23 different XR use cases in TR 26.928. To evaluate the performance of XR over NR network, more detailed traffic model is necessary.

As an interactive service, XR requirements for data rate and latency are more stringent than traditional media services. The requirements for different types of XR use cases are also different. For DL, the data rate is determined by the frame size and the frame rate. The frame size is relevant to the resolution, color depth, compression ratio, and so on. The frame size of DL follows a random distribution, usually Gaussian distribution can be assumed. The frame rate can be 30-90 fps, depending on the performance requirements. For UL, two kinds of traffic could be assumed. One is pose and control information, which is low date-rate and frequent. The other is scene update information, which has higher data rate and larger periodicity. The latency requirement is related to the traffic characteristics of use cases and architectures. Usually, 25%-50% of end-to-end latency requirement can be allocated for air interface, which consists of DL packet delay budget (PDB) and UL PDB. An example of traffic characteristics of XR are summarized in Table 1.
Table 1. Traffic characteristics of XR
	Characteristics
	DL 
	UL

	File Size
	Gaussian distribution
	Fixed, 100B/500B

	File Arrival
	Uniform distribution within one period
	Same as DL

	Periodicity
	1/(2*fps), fps = [30, 90]
	2ms/100ms

	PDB
	10ms
	10ms


Proposal 1: The frame size of DL follows a random distribution, while the frame size of UL can be assumed as two different values, one is for pose and control information, and the other is for scene update information
3. KPIs and evaluation methodologies
According to the SID, power consumption, capacity, mobility, and coverage are four important factors for XR and Cloud Gaming. 
The XR device can be head mounted display (HMD) or wearable glasses. Battery life and heating concerns are especially important for the wearable XR glasses, since it cannot be comfortable if the battery weight is heavy. In Rel-16, the UE power consumption model and power saving techniques have been studied. The power consumption model in TR 38.840 can be reused to evaluate the power consumption performance of XR and Cloud Gaming. Besides, the trade-off between power consumption and other performance should be considered, e.g. 60fps with lower power consumption or up to 90fps performance boost with higher power consumption, can be chosen in the game settings.
The capacity requirement for XR is usually high due to the low latency requirement. The capacity and coverage can be evaluated by the number of UEs and X% UEs that meet the requirement. The UE meets requirement can be defined as the packet error rate (PER) is equal to or less than a threshold. The PER can be calculated by the ratio of the number of successfully delivered packets within the PDB and the total number of packets of the UE. 
For deployment scenario, VR users are mainly indoors, while AR and Cloud Gaming users can be both indoors and outdoors. Therefore, different mobility requirements can be assumed for VR and AR/Cloud Gaming users. For evaluation, we can assume the VR users move at 3km/h, while AR and Cloud Gaming users move at 30 km/h.
Proposal 2: The power consumption model in TR 38.840 can be reused to evaluate the power consumption performance of XR and Cloud Gaming.
Proposal 3: The capacity and coverage can be evaluated by the number of UEs and X% UEs that meet the requirement.
Proposal 4: Different UE speeds for VR, AR and Cloud Gaming users can be assumed when evaluate the mobility. 
4. Preliminary simulation results
The preliminary simulation results on XR are given as follows. The simulation assumptions are given in Annex. 
In Fig. 1 and Fig.2, we illustrate the system capacity performance of indoor scenario. Two different frame structures are assumed in the evaluation.
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Fig .1  System Capacity (Frame structure- DDDUU)
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Fig .2  System Capacity (Frame structure- DU)

From above simulation results, we observe that when the number of UEs per cell is increasing, the ratio of users with PER≤1% decreases and resource utilization increases accordingly. Comparing two different frame structures, the capacity performance of frame structure DU decreases more significantly than that of frame structure DDDUU. The reason is that the DL resource of frame structure DU is less, this can also be seen from that the resource utilization of frame structure DU is higher than that of frame structure DDDUU.
Observation 1: For indoor hotspot scenario, when the number of UEs per cell increases, the capacity decreases while resource utilization increases accordingly.
5. Challenges and potential enhancements of XR 
XR traffic is a multiplex of eMBB and URLLC, which requires higher capacity, lower latency, and higher reliability. Besides, for wearable XR devices, the battery life is expected to last long (e.g. one day) and the battery weight is expected to be light.
· Capacity
For capacity, it will be helpful to reduce the total capacity requirement especially for a group of devices (e.g. with common messages to receive). Sidelink based transmission can be considered to increase the data-rate. For example, in multiplayer game or XR meeting scenarios, multiple XR devices will access to the network, the traffic can be transited via PC5 betwwen XR devices within a short distance to offload the transmissions between gNB and XR devices.
· Latency
The latency requirement for XR is actually a joint requirement for DL and UL, and hence the joint scheduling of DL and UL transmission can be considered to reduce the total latency. For pre-configured resources, configured grant and SPS can be used for UL and DL transmission. However, when the number of users is large, in case there are collisions among users, the repetition transmission is usually required to satisfy the high reliability. Early termination in repetition transmission should be considered for XR traffic to reduce the latency. Moreover, the packet size of XR traffic may be high, hence unnecessary repetition will bring the waste of resources.  
· Power consumption

The power consumption of XR device consists of computation, storage and 5G communication. From RAN1 perspective, at least the power consumption of communication should be optimized. In R15/R16, UE power optimizations are focused on latency-tolerant traffic. Power saving techniques for XR device should be studied with accounting for the latency requirement. For example, since the XR traffic is usually assumed to be periodic, the C-DRX can be adaptive to the periodic arrival times of XR traffic. 
6. Conclusions

Based on the above discussions, the proposal is as follows:
Observation 1: For indoor hotspot scenario, when the number of UEs per cell increases, the capacity decreases while resource utilization increases accordingly.
Proposal 1: The frame size of DL follows a random distribution, while the frame size of UL can be assumed as two different values, one is for pose and/or control information, and the other is for scene update information
Proposal 2: The power consumption model in TR 38.840 can be reused to evaluate the power consumption performance of XR and Cloud Gaming.
Proposal 3: The capacity and coverage can be evaluated by the number of UEs and X% UEs that meet the requirement.
Proposal 4: Different UE speeds for VR, AR and Cloud Gaming users can be assumed when evaluate the mobility. 
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Annex: SLS parameters
Table I. System level simulation assumption for FR1 DL

	Parameters
	Assumptions

	Scenarios
	Indoor

	Carrier Frequency
	4.9GHz

	ISD(m)
	20

	Frame Structure
	Structure1: DDDUU
Structure2:        DU

	Bandwidth 
	100MHz

	SCS 
	30kHz

	UE number per TRxP
	[1-11] configurable

	BS Antennas （M,N,P,Mg,Ng;Mp,Np）
	32 port, (4, 4, 2, 1, 1, 4, 4)

	UE Antennas（M,N,P,Mg,Ng;Mp,Np）
	2T4R

	UE distribution
	100% indoor

	UE speed
	3km/h

	Site/ TPxP number
	12 site/12 TRxP

	Processing delay
	K1=1slot


