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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
XR (eXtended Reality) is one of the most promising commercial applications which can explore the enormous potential of NR networks. XR includes different types of realities such as VR (Virtual Reality), AR (Augmented Reality) and MR (Mixed Reality) as shown in Figure 1. There are various types of applications of XR such as entertainment, healthcare, shopping, education, mobile office, etc. XR use cases and potential standardization areas are discussed in the study item Extended Reality (XR) in 5G in TR26.928 [1].

[image: realities]
[bookmark: _Ref47187301]Figure 1. Schematic of XR
Cloud Gaming is defined as interactive gaming utilizing mobile devices that access the cloud as an external resource for processing of game scenarios and interactions, and to enable advanced features such as cross-platform operations, battery conservation, and computational capacity improvement as shown in Figure 2 [2]. Cloud Gaming architectures and potential requirements, including Cloud XR, are outlined in the study item on Network Controlled Interactive Services in TR 22.842 [3]. 
[image: ]
[bookmark: _Ref47187460]Figure 2. Schematic of Cloud Gaming
[bookmark: _Hlk13214352][bookmark: _Hlk29478144]Edge Computing is a valuable enabler which can help NR networks achieve the required performance to enable XR and Cloud Gaming [4]. Meanwhile challenges such as power consumption, latency, user experienced data-rate, device connection method and weight will significantly impact the commercialization of XR and Cloud gaming.
In order to further promote the development of XR and Cloud gaming, in RAN#86, a new study item on XR evaluation for NR was approved with the following objectives [5], 
 (
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:
Confirm XR and Cloud Gaming applications of interest
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.
Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
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 XR and Cloud Gaming in NR networks, traffic models and related characteristics, application demands, evaluation methodology and KPIs in line with the requirements need to be studied. There are some previous studies on XR use cases and traffic models provided by SA4 as in TR26.928. However, more details on the traffic characteristics are needed for XR and Cloud Gaming study in RAN1. Recently, the traffic characteristics of XR and Cloud Gaming are under discussion in the new study item Feasibility Study on Typical Traffic Characteristics for XR Services and other Media in SA4 [6], and the expected output will be captured in TR 26.925 [7].
In this contribution, we provide our views on traffic models and evaluation methodologies of XR and Cloud Gaming, and then provide our initial performance evaluation results accordingly.
2. Traffic model
XR/Cloud Gaming applications include media service and interactive service. For media service, it is provided by rendered video and audio traffic, which are delivered from server and presented by a smart device or wearable device, e.g. head mounted display (HMD) or glasses. For interactive service, there is interaction between device and server based on tracking and delivering of viewer poses and/or visual scenes. For XR study, media service on VR/AR is mainly focused on rendered video traffic, since the required bitrate of regular stereo audio traffic  can be negligible comparing to the video traffic. 
To achieve better user experience, transmission data-rate and PDB (Packet delay budget) are the two most important communication metrics for XR/Cloud Gaming traffic modeling. 
· [bookmark: OLE_LINK11]Data-rate
According to descriptions in TR26.928, lots of different XR use cases are proposed based on underlying offered functionalities, nature of communication, interactivity and real-time requirements. Data-rates for different scenarios are diverse from each other. 
For downlink traffic , it can be seen as a typical kind of streaming media traffic for which data-rate requirement is highly dependent on the charaterisitics of video. Taking 3D VR video as an example, where two eyes buffers are assumed, the following aspects need to be considered to determine the data-rate requirements.
· Resolution and Frame rate
Resolution is most important to guarantee the immersive experience. High resolution is necessary to avoid causing the user to feel pixelation.
Currently, it is commonly accepted that 2K by 2K per eye provides acceptable quality according to TR26.928. Therefore, for VR video, the resolution should at least reach 4K for two eyes together to meet the quality requirements, e.g. 4K UHD (3840 x 2160) resolution can be assumed for VR video traffic. 
For VR video, video signal is provided as a sequence of pictures with a specific frame rate in frames per second. The frame rate is an important metric for the quality of video.  Frame rates are expected to be at least 60 FPS (Frames per second) for VR video.
· Color codec and Bit-depth
[bookmark: OLE_LINK6]YUV and RGB are two commonly used color encoding methods. YUV is more widely used for video acquisition and video processing. This is because, YUV improves the convenience of coding and transmission, and reduces bandwidth consumption and information errors, thereby typically enabling more efficient transmission and compression than using a RGB color space. Through the analysis of some VR videos, YUV color codec is adopted and the typical color coding format of the VR videos is YUV420, with the bit-depth of 8 bits, that is, the average number of bits per pixel is 12.
· Video codec protocol
As of today, two video codecs protocols are prominently referenced and adopted for VR traffic, namely H.264/AVC and H.265/HEVC. H.264/AVC can support video formats up to 4K at 60 FPS and H.265/HEVC can support video formats with higher resolution, e.g. 8K. Both protocols are the foundation of VR video profiles in 3GPP TS 26.118 [8].These profiles basically permit delivery of video formats up to 4K at 60 FPS. The compression rate of  H.264/AVC can reach about 100:1. Given the similarity between what are seen by two eyes in VR videos, the compression rate could be even higher.
Based on the above assumptions, the average downlink transmission data-rate of a 4K 3D VR video would be around 50Mbps. Details of media information and corresponding data-rate are shown in the table below. It is expected that the data-rate can be reduced with improved compression settings (e.g. H.265/HEVC or higher compression rate). In addition, it should be noted that data-rate will be increased remarkably for higher quality of VR video e.g. 4K per eye.
[bookmark: OLE_LINK15][bookmark: OLE_LINK17]Table 1. Traffic data-rate for downlink
	Revolution(pixels)
	3840*2160

	FPS(frames/second)
	60

	Color codec
	YUV 4:2:0

	Bit-depth(bits)
	8

	Compression rate
	120(H.264/AVC)

	Data-rate after compression(Mbps)
	≈50


[bookmark: _Ref47188285][bookmark: _Ref47188429][bookmark: _Ref47367974][bookmark: _Ref47732283]Observation 1: For 4K 3D VR video, assuming 2K per eye and 60 FPS, the average data-rate would be around 50Mbps.
· PDB
For end-to-end RTT(Round-trip time), according to TR 26.928, 50~60ms is considered as typical values for XR Split Rendering. As shown in Figure 3, RTT is mainly composed of the time of user interaction information capturing, downlink/uplink transmission via air interface, the video frames generation, rendering and compression at the server side, and the video frames decoding and display at the device side. Generally, assuming the processing time on server side and device side is about 30~40ms, and then only about 10ms is left to one trip air interface transmission for XR, which means the downlink/uplink PDB for XR is about 10ms. For Cloud Gaming, as a result of there is no dizziness problem, the PDB requirements are relatively loose and could be relaxed to 15ms.

[bookmark: _Ref47723059][image: ]
Figure 3. Schematic of XR Split Rendering 
[bookmark: _Ref47723877][bookmark: _Ref47732284]Observation 2: The PDB requirement is assumed to be 10ms for XR traffic, and it could be relaxed to 15ms for Cloud Gaming traffic.
· Traffic source type
According to the discussion above, it is assumed that frames for two eyes are generated independently for VR 3D video, assuming 2K resolution for the frames for each eye. To meet the latency requirement of VR video traffic, PDB for each frame is assumed as 10ms. The following two different types for VR video traffic are proposed regarding the frame arrival time in case of 60 FPS, as illustrated in Figure 4.
· Traffic source type 1: every 1/X s, the packets of both eyes arrive at the same time for each frame. 
· Traffic source type 2: every 1/(2*X) s, the packet of left eye and right eye arrive in turn, e.g. the packet of left eye arrive at odd frames, while the packet of right eye arrive at even frames.
For traffic source type 1, frames for both eyes arrive at the same time such that visual scenes for both eyes can be updated and presented simultaneously. In order for that, transmissions of frames for both eyes need to be within the same PDB, e.g. 10ms. Based on our observation, traffic source type 1 is one of the typical configurations for video streaming. The sum of frame sizes for both eyes is equal to the size of a packet in simulation.
For traffic source type 2, frames for two eyes are staggered in turn for arrival time. With respect to the visual signal from frames for one eye, it is refreshed every 16.67ms. Therefore, a frame for right eye is refreshed with a delay equal to 8.33ms after refreshing a frame for left eye, i.e. there is 8.33ms delay for frames for right eye compared to frames for left eye. In this case, PDBs for transmissions of frames for different eyes are independent, i.e. PDB for frames for each eye is 10ms. Although the total delay budget for a visual scene from frames of two eyes is great than 10ms, people with a normal visual acuity will not perceive different refreshing times for two eyes when the frame rate is above 60 FPS.
[bookmark: _Ref47187509]  Figure 4. An example of traffic source type
[bookmark: _Ref47732473]Proposal 1: For XR and Cloud Gaming, the following two traffic source types can be considered for evaluation, assuming frame rate is X FPS.
· Traffic source type 1: every 1/X s, the packets of both eyes arrive at the same time for each frame. 
· Traffic source type 2: every 1/(2*X) s, the packets of left eye and right eye arrive in turn, e.g. the packet of left eye arrives at odd frames, while the packet of right eye arrives at even frames.
· Packet modeling
Generally, for video streaming traffic, UDP (User Datagram Protocol) is chosen as the transport layer protocol, and typically a frame is segmented into one or multiple IP packets for transmissions. Therefore, following two different options for modeling packets of video traffic in evaluation can be considered.
· Option 1: an application level packet is modeled as a packet during simulation, i.e. one frame ≈ one or more IP level packets ≈ one packet in simulation. 
· Option 2: an IP level packet is modeled as a packet during simulation, i.e. one IP level packet ≈ one packet in simulation.
[bookmark: OLE_LINK5]Considering that the periodicity of video frames is deterministic and the PDB is actually for a frame, to simplify simulation, option 1 is slightly preferred, i.e. a frame is modeled as a packet in our simulation. For option 2, IP packets are segmented from the video frames arriving periodically. Besides, according to analysis results of some video files, we see similar distribution for option 2 with that for option 1. Both options can be discussed in RAN1. 
[bookmark: _Ref47732475]Proposal 2: For XR and Cloud Gaming, following options for packet modelling can be considered, 
· Option 1: an application level packet is modeled as a packet during simulation, i.e. one frame ≈ one or more IP level packets ≈ one packet in simulation. 
· Option 2: an IP level packet is modeled as a packet during simulation, i.e. one IP level packet ≈ one packet in simulation.
· Packet size distribution
For video traffic, sizes of frames are dependent on the media configuration parameters. Besides, the size of frames varies from time to time according to the visual signal that is carried by the frames. Therefore, random distribution for the frame sizes for video traffic can be observed. Two distributions are considered for XR/Cloud Gaming in the study.
· Gaussian distribution 
· Pareto distribution
We did some analyzes based on some examples of 3D VR videos downloaded from YouTube. According to statistic data of video frames, the CDF of packet sizes for the 3D VR videos is illustrated in Figure 5. Fitting the packet size distribution of 3D VR videos by the aforementioned distributions, it can be observed that the packet size distribution of 3D VR video is closer to Gaussian distribution. 

[bookmark: _Ref47187568]Figure 5. CDF of 3D VR video packets 
[bookmark: _Ref47723882][bookmark: _Ref47732286]Observation 3: For XR and Cloud Gaming, packet size distribution is subject to Gaussian distribution.
2.1. [bookmark: OLE_LINK2]DL Traffic model
· VR/AR
Based on the analyzes for data-rate, a typical downlink data-rate of 50Mbps is required for 3D VR video. Besides, Gaussian distribution is assumed for the packet size distribution for 3D VR video, for which maximum packet size and minimum packet size are applied. According to the data-rate, the packet size distribution and the measured packets, we propose the following DL traffic models for VR/AR.
[bookmark: _Ref47723549]Table 2. DL traffic models for VR/AR
	Traffic model
	1
	2
	3

	Packet size distribution
	Gaussian

	Mean packet size (Bytes)
	104000
	52000
	104000

	STD of packet sizes (Bytes)
	13000
	6500
	13000

	Maximum packet size (Bytes)
	162500
	81250
	162500

	Minimum packet size (Bytes)
	67

	Packet arrival interval (ms)
	16.67
	8.33
	8.33

	Packet delay budget (ms)
	10
	10
	10


· Cloud Gaming
For Gloud Gaming, 2D video streaming is assumed where a same frame is rendered for both eyes. Compared to VR/AR traffic, the PDB of Cloud Gaming traffic is less demanding. Hence, we propose the following DL traffic model for Cloud Gaming.
[bookmark: _Ref47723554]Table 3. DL Traffic model for Cloud Gaming
	Traffic model
	1

	Packet size distribution
	Gaussian

	Mean packet size (Bytes)
	52000

	STD of packet sizes (Bytes)
	6500

	Maximum packet size (Bytes)
	81250

	Minimum packet size (Bytes)
	67

	Packet arrival periodicity (ms)
	16.67

	Packet delay budget (ms)
	15


[bookmark: _Ref47732476]Proposal 3: For DL, traffic models in Table 2 and Table 3 are considered as the starting point for XR and Cloud Gaming evaluation, respectively.
2.2. UL Traffic model
According to TR26.928, for uplink, at least some interaction and control information should be transmitted for XR/Cloud Gaming. For interaction and control information, the transmission data-rate is much lower, e.g. 0.4Mbps, and the traffic is often regarded as periodic and of fixed packet size, as depicted in Figure 6. Therefore, we propose the following UL traffic model for XR/Cloud Gaming evaluation.
 
[bookmark: _Ref47723088]Figure 6. An example of UL traffic model
[bookmark: _Ref47723561]Table 4. UL traffic model for XR/Cloud Gaming
	Traffic model
	1

	Packet size distribution
	Fixed, 100Bytes

	Packet arrival interval (ms)
	2

	Packet delay budget (ms)
	10


[bookmark: _Ref47732478]Proposal 4: For UL, traffic model in Table 4 is considered as the starting point for XR and Cloud Gaming evaluation.
3. Evaluation methodologies
For XR/Cloud Gaming evaluation, several aspects of performance including capacity, power consumption, coverage and mobility are considered. 
The applications of XR/Cloud Gaming  generally demand high throughput, low latency and high reliability at the same time, which will bring great challenges for NR networks. It is important to study how typical NR networks can accommodate these new services. Hence, the capacity evaluation of XR/Cloud Gaming services considering number of UEs simultaneously consuming the XR/Cloud Gaming services under given traffic requirements and for a given deployment scenario (e.g., Dense Urban, Indoor Hotspot) should be prioritized for XR SI. 
Power consumption is one of the important factors for XR/Cloud Gaming devices. The applications of XR/Cloud Gaming will bring critical challenges for battery life, due to heavy and high data-rate traffic, complicated computation and frequent interaction with network for XR/Cloud Gaming traffic. In addition, for XR devices e.g. AR glasses, the size and weight are designed so that the devices can be worn for long duration. It will result in more restrictions for battery capacity and heat dissipation compared to typical devices such as smartphones. Therefore, power consumption for XR/Cloud Gaming services needs to be considered. As shown in the histograme below, power consumptions for video applications on smartphones via NR networks are presented. Based on the measurement data, the power consumption proportion of communication modules is around 40% for online video traffic, which is higher than that of display modules. So, it is essential to evaluate the power consumption for XR and Cloud Gaming traffic.

Figure 7. Measurement data for power comsumption of video traffic
Notes :
· The data is collected from vivo product teams.
· The measurement is performed in a laboratory environment.
· The test traffic is carried over a NR network.
· The communication modules includes baseband, radio frequency (RF) , power amplifier (PA) modules and etc.
· The display modules includes liquid crystal module (LCM) panel and etc.
[bookmark: _Ref47732287]Observation 4: For online video traffic, the power consumption proportion of communication modules is around 40%.
For mobility, it may be assumed that in most cases the users of XR/Cloud Gaming are stationary or on the move only at a very low speed, i.e. 3km/h. So mobility events will seldom happen or only with low frequency. It can be targeted with low priority.
As to coverage, it can be deprioritized since during the capacity evaluation, coverage performance can be observed simultaneously to some degree.
In this contribution, we mainly focus on the evaluation methodologies for capacity and power consumption.
3.1. Capacity
· Deployment
For capacity evaluation, the classical scenarios for NR system-level evaluations can be reused with necessary revisions. For example, considering that most of the users may be stationary or only move with very low speed and consume XR services or Cloud Gaming in indoor spaces, the Indoor Hotspot scenario can be chosen to be the main evaluation scenario. In addition, some users may also walk or stay in a car in urban areas, so Dense Urban scenario can be chosen as another evaluation scenario. 
· Frequency range
At present, most NR networks are deployed with frequencies in FR1, but in future as data demands will increase continuously, FR2 becomes more attractive for more frequency resources and wider bandwidths. So FR1 can be the basic assumption and FR2 can also be the additional evaluation target. 
· Mobility
As mentioned before, at the early stage we can only pay attention to low speeds of mobile devices, such as 3km/h or 30km/h.
· Key performance metric
For downlink, video traffic is considered as the main target for transmission over NR networks. On the contrary, for uplink, only pose and control information are modelled in typical scenarios. In the following, key performance metrics for downlink and uplink will be analysed respectively.
· Downlink
For downlink, the capacity performance is evaluated with different number of users served by a cell in the target scenario. A packet is deemed to be delivered if it is received successfully by a UE over the air interface within PDB. Otherwise, the packet would be dropped. The packet delivered rate PD is derived by the number of successfully delivered packets and the number of generated packets for a user, while the packet error rate would be PE = 1 - PD. We assume that the traffic requirements for a user are satisfied when the packet delivered rate of the user is equal to or larger than (1- PO) where PO is the outage probability. In the evaluation, PO = 1% is assumed.
According to the number of users for which the traffic requirements are satisfied and the total number of users for all cells in the simulation, the ratio of users for which the traffic requirements are satisfied, i.e. ratio of users with PD ≥ 99% can be obtained. 
The capacity of the network can be defined as the maximum number of users per cell where ratio of users with PD ≥ 99% is equal to or larger than a threshold, Thresholduser. In the evaluation, Thresholduser is set to 90%. With increased numbers of users per cell, the capacity of the network can be evaluated accordingly. 
[bookmark: _Ref47732479]Proposal 5: The ratio of users with PD ≥ 99% determined by the number of users with PD ≥ 99% and the total number of users is adopted as a key metric for downlink capacity evaluation, where the packet delivered rate PD for a user is derived by the number of successfully delivered packets and the number of generated packets for the user.
[bookmark: _Ref47732480]Proposal 6: The downlink capacity of a network is defined as the maximum number of users per cell for which the ratio of users with PD ≥ 99% is equal to or larger than a threshold, Thresholduser.
Besides the ratio of users with PD ≥ 99% , the resource utilization can also be provided to show the average utilization level of time-frequency resources in the network. Resource utilization is defined as the ratio between the number of REs used for packet transmission and the total number of available REs during a simulation for a given transmission direction.
· Uplink
For uplink, the required data-rate is rather low compared to that for downlink, when only pose and control information are modelled. At the same time, latency becomes more critical because the pose and control information should be transmitted to the server as soon as possible to guarentee the perceived experience by users. Based on TR26.928, the user interaction delay can be measured as the key metric, which can consist of required processing times for the following steps.
· Capture of user interaction in XR client
· The processing time for capturing is outside the sdudy, and can be assumed much smaller than the periodicity of pose and control information, thus it is assumed to be approximately 0ms during our evaluation.
· Delivery of user interaction to the XR server (a.k.a. network delay) 
· The duration for delivery is mainly modelled as uplink transmission delay over the air interface.
· During our evaluation, grant-free scheduling is assumed to reduce latency, and the periodicity of configured grant can be as short as possible, e.g. 1slot.
· Processing of user interaction by the XR server
· The processing time for received pose and control information from user is outside the study, and 0ms is assumed during our evaluation.
 
Figure 8. Schematic of user interaction delay
The user interaction delay can be used as a key metric for uplink capacity performance. For example, the uplink capacity can be defined as the maximum number of users per cell for which the user interaction delay is equal to or less than the uplink PDB.
[bookmark: _Ref47732482]Proposal 7: The user interaction delay is used as a key metric for uplink capacity evaluation.
[bookmark: _Ref47732483]Proposal 8: The uplink capacity of a network is defined as the maximum number of users per cell for which the user interaction delay is equal to or less than the uplink PDB.
3.2. Power consumption
[bookmark: _Ref47732484]To evaluate the power consumption performance, the deployment scenarios and related assumptions for capacity evaluation can be reused. Meanwhile, a proper power consumption model should be introduced to capture and quantize the characteristics of power consumption during the simulation, e.g. consumed power. The UE power consumption model captured in TR38.840 [9], which is used for power saving evaluation during Rel-16, can be used as a starting point.
[bookmark: _Ref47188613]Proposal 9: The UE power consumption model captured in TR38.840 can be used as a starting point for power consumption evaluation.
During evaluation, power consumptions for different cases can be collected for subsequent comparisons as depicted in Figure 9, including: 
· Case 1: No power saving mechanism is introduced. It can be a performance baseline to show the consumed power, and corresponding transmission performance, such as capacity and resource utilization ratio.
· Case 2: Some power saving mechanisms are introduced. The DRX mechanism for connected mode in NR can be used as a starting point. Each UE may be configured with different DRX offset for staggering active time between UEs or to fit the arrivals of service packets as far as possible. The UE can be scheduled only during active time, which brings limitations for PDCCH detections thus saves power of PDCCH monitoring, meanwhile the transmission performance may be degraded because of scheduling delay. Different configurations, such as different values for DRX cycle, drx-onDurationTimer and drx-InactivityTimer, may result in different power saving effect and transmission performance.
[image: ] 
[bookmark: _Ref47454182]Figure 9. Without DRX vs. with DRX
With respect to power consumption metrics, for comparisons between Case 1 and Case 2, as well as different configurations of Case 2, the following KPIs (Key Performance Indicator) can be considered:
· Consumed power
· Capacity
· Resource utilization 
[bookmark: _Ref47732485]Proposal 10: For power consumption evaluation, the consumed power, capacity and resource utilization are considered as the performance metrics.
4. Performance evaluation results
[bookmark: OLE_LINK8]Based on actual deployment configurations and above evaluation methodology, we propose our initial evaluation assumptions for the XR and Cloud Gaming, as illustrated in Annex A. In this section, three cases are corresponding to three aforementioned XR different traffic models, and the detail parameters of them are showed in Table 5.  Case 1 and Case 2 are equivalent to 2K by 2K per eye, the traffic source type of Case 1 and Case 2 correspond to type 1 and type 2 respectively, while Case 3 can be equivalent to 4K by 4K per eye.
[bookmark: _Ref47726392][bookmark: _Ref47342177][bookmark: _Ref47187971]Table 5. Three cases with different traffic model for XR traffic
	Simulation cases
	DL Traffic model
	Traffic source type

	Case 1
	1
	1

	Case 2
	2
	2

	Case 3
	3
	2



4.1. [bookmark: _GoBack]Performance evaluation for FR1
[bookmark: OLE_LINK20][bookmark: OLE_LINK3]The initial system simulation results on XR and Cloud Gaming for FR1 are depicted as follows.
· DL
For FR1 DL, system performance of capacity and power consumption are evaluated.
· Capacity
· VR/AR

(a)  Indoor Hotspot scenario

(b)  Dense Urban scenario
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Figure 10. Capacity simulation results of FR1 VR/AR

(a)  Indoor Hotspot scenario

(b)  Dense Urban scenario
[bookmark: _Ref47517046]Figure 11. The resources utilization of FR1 VR/AR
Based on system simulation results above, it can be observed that percentage of UEs with ≥99% packets successfully delivered within PDB decreases with the increasing of the number of UEs per cell in both indoor hotspot and dense urban scenarios. As shown in Figure 11, resource utilizaiton increases significantly as increasing of number of UEs per cell. It implies that the total resources are insuffient for transmissions of the traffic of all UEs. The limited resources lead to the system performance degradation. 
[bookmark: OLE_LINK7]Compared to Case 1, the capacity performance of Case 2 is better than that of Case 1, especially with more than 5 UEs per cell in Indoor Hotspot scenario. This is because the delay budget of two-eye frame transmission for Case 1 is bounded to 10 ms, while the delay budget of each frame transmission of Case 2 is independent. It implies that total delay bound of two-eye frame transmission of Case 2 is longer than 10ms. As for Case 3, the percentage of UEs with ≥99% packets successfully delivered within PDB for Case 3 is lower than that of Case 1 and Case 2, because the number of frames and the size of frames per second for Case 3 are much larger than those for Case 1 and Case 2.
[bookmark: _Ref47188446][bookmark: _Ref47732289]Observation 5:  For VR/AR traffic in both indoor hotspot and dense urban scenarios in FR1, the capacity performance is degaraded with the increasing of the number of UEs per cell.
· Cloud Gaming
For Cloud Gaming, the DL traffic model of Cloud Gaming in section 2.1 is evaluated, and corresponding initial simulation results for FR1 are depicted as follows.

(a)  Indoor Hotspot scenario

(b)  Dense Urban scenario
Figure 12. Capacity simulation results of FR1 Cloud Gaming

(a)  Indoor Hotspot scenario

(b)  Dense Urban scenario
[bookmark: _Ref47628367]Figure 13. The resources utilization of FR1 Cloud Gaming
We have observed that the percentage of UEs with ≥99% packets successfully delivered within PDB could reach nearly 100% for Cloud Gaming in both scenarios, that is because smaller packet sizes, larger packet arrival period and looser PDB requirements. As shown in Figure 13, resources utilizaiton of Cloud Gaming is significantly lower, even if there are 11 UEs per cell.
[bookmark: _Ref47732290]Observation 6: For Cloud Gaming traffic in both indoor hotspot and dense urban scenarios in FR1, at least 11 users per cell can be supported with ratio of users with PD ≥ 99% larger than 90%.
· Power consumption
Based on the analysis in Section 3.2, the retransmission timers such as drx-RetransmissionTimer and drx-HARQ-RTT-Timer are not considered in our evaluation. Besides, due to time constraints, only single user in per cell is configured and the simulation scenario is Dense Urban. And Case 1 traffic model is used into the following power consumption evaluation. Table 6 further gives the two sets of DRX configuration, which can both satisfy the UE capacity requirement and be appropriate for the Case 1 traffic model.
[bookmark: _Ref47726462][bookmark: _Ref47454508][bookmark: _Ref47359515]Table 6. The two sets of DRX configuration
	DRX parameters
	DRX cycle (ms)
	drx-onDurationTimer (ms)
	drx-InactivityTimer(ms)

	DRX configuration 1
	8
	4
	1

	DRX configuration 2
	10
	5
	1





Figure 14. Power consumption results of different cases

Figure 15. Comparison of UE capacity in different cases
The first histogram, i.e. the ratio of power state time with or without DRX configuration denotes that with DRX configurations, the PDCCH-only proportion can be cut in half which replaces by micro sleep. However, because of short interval of traffic arrival time, there is no time for deep sleep, light sleep and also the related transition. From the second histogram, it is obvious that the total power consumption can be reduced by 21.8% by using DRX configurations. And the third histogram of comparison of UE capacity in different cases further shows the UE capacity with or without DRX configurations. Compared to the without DRX case, the UE capacity will a little bit decrease due to the packet scheduling latency caused by DRX. The smaller the DRX cycle, the lower the latency and smaller impact on UE capacity will be. Capacity evaluation with DRX configuration for more than 1 user per cell will be further evaluated.
[bookmark: _Ref47361406][bookmark: _Ref47732291]Observation 7: Up to 21.8% power saving gain can be achieved by appropriate DRX configuration and considering the UE capacity requirement meanwhile.
[bookmark: _Ref47361409]Observation 8: Because of short interval of traffic arrival time, there is no time for deep sleep and light sleep with DRX configuration.
[bookmark: _Ref47358679]Observation 9: Enabling DRX has slight impact on the UE capacity.
· UL
In FR1 uplink simulation, only such cases of pose and action information uploading in XR and Cloud Gaming scenarios are evaluated. The uplink traffic model defined in section 2.2 is uesd. And latency is the KPI for initial uplink system performance.
· User interaction delay


(a)  Indoor Hotspot scenario

(b)  Dense Urban scenario
[bookmark: _Ref47455942]Figure 16. Simulation results of uplink latency
As shown in Figure 16, it can be observed that the 95th percentile user interaction delay with less than 15 UEs per cell is nearly same in both scenarios, with only a slight increase at 15 UEs per cell, but still far below the uplink PDB requirement of 10ms.
[bookmark: _Ref47359234][bookmark: _Ref47732295][bookmark: OLE_LINK12][bookmark: OLE_LINK16][bookmark: _Ref47188452][bookmark: _Ref47188528]Observation 10: For XR and Cloud Gaming uplink traffic in FR1, in the case of the number of UEs per cell is no more than 15, 95th percentile user interaction delay is smaller than 10ms.
4.2. Performance evaluation for FR2
· DL
Three evaluation case as in FR1 is reused for XR FR2 evaluation. Corresponding details of simulation parameters are illustrated in Annex A. The initial downlink XR evaluation results for FR2 are depicted as follows.
 
[bookmark: _Ref47730245][bookmark: OLE_LINK21]Figure 17. Capacity simulation results of FR2 Indoor Hotspot

[bookmark: _Ref47455997]Figure 18. The resources utilization of FR2 Indoor Hotspot
[bookmark: _Ref47358684]As shown in Figure 17, with less than 25 UEs per cell, the percentage of UEs with ≥99% packets successfully delivered within PDB for Case 1 and Case 2 both can reach 100%, and the resources utilization is only about 40% at 25 users per cell. For Case 3, FR2 capacity can support at least 20 users with more than 90% UEs with ≥99% packets delivered within PDB. Compared with the evaluation results of FR1, it is obvious that FR2 can accommodate more users due to wide bandwidth. 
[bookmark: _Ref47732296]Observation 11: For VR/AR traffic in indoor hotspot scenario in FR2, at least 20 users per cell can be supported with ratio of users with PD ≥ 99% larger than 90%.
5. Conclusion
In this contribution, we provide our views on XR and Cloud Gaming evaluation, and give out initial simulation results with the following observations and proposals:
Observation 1: For 4K 3D VR video, assuming 2K per eye and 60 FPS, the average data-rate would be around 50Mbps.
Observation 2: The PDB requirement is assumed to be 10ms for XR traffic, and it could be relaxed to 15ms for Cloud Gaming traffic.
Observation 3: For XR and Cloud Gaming, packet size distribution is subject to Gaussian distribution.
Observation 4: For online video traffic, the power consumption proportion of communication modules is around 40%.
Observation 5:  For VR/AR traffic in both indoor hotspot and dense urban scenarios in FR1, the capacity performance is degaraded with the increasing of the number of UEs per cell.
Observation 6: For Cloud Gaming traffic in both indoor hotspot and dense urban scenarios in FR1, at least 11 users per cell can be supported with ratio of users with PD ≥ 99% larger than 90%.
Observation 7: Up to 21.8% power saving gain can be achieved by appropriate DRX configuration and considering the UE capacity requirement meanwhile.
Observation 8: Because of short interval of traffic arrival time, there is no time for deep sleep and light sleep with DRX configuration.
Observation 9: Enabling DRX has slight impact on the UE capacity.
Observation 10: For XR and Cloud Gaming uplink traffic in FR1, in the case of the number of UEs per cell is no more than 15, 95th percentile user interaction delay is smaller than 10ms.
Observation 11: For VR/AR traffic in indoor hotspot scenario in FR2, at least 20 users per cell can be supported with ratio of users with PD ≥ 99% larger than 90%.

Proposal 1: For XR and Cloud Gaming, the following two traffic source types can be considered for evaluation, assuming frame rate is X FPS.
· Traffic source type 1: every 1/X s, the packets of both eyes arrive at the same time for each frame. 
· Traffic source type 2: every 1/(2*X) s, the packets of left eye and right eye arrive in turn, e.g. the packet of left eye arrives at odd frames, while the packet of right eye arrives at even frames.
Proposal 2: For XR and Cloud Gaming, following options for packet modelling can be considered, 
· Option 1: an application level packet is modeled as a packet during simulation, i.e. one frame ≈ one or more IP level packets ≈ one packet in simulation. 
· Option 2: an IP level packet is modeled as a packet during simulation, i.e. one IP level packet ≈ one packet in simulation. 
Proposal 3: For DL, traffic models in Table 2 and Table 3 are considered as the starting point for XR and Cloud Gaming evaluation, respectively.
Proposal 4: For UL, traffic model in Table 4 is considered as the starting point for XR and Cloud Gaming evaluation.
Proposal 5: The ratio of users with PD ≥ 99% determined by the number of users with PD ≥ 99% and the total number of users is adopted as a key metric for downlink capacity evaluation, where the packet delivered rate PD for a user is derived by the number of successfully delivered packets and the number of generated packets for the user.
Proposal 6: The downlink capacity of a network is defined as the maximum number of users per cell for which the ratio of users with PD ≥ 99% is equal to or larger than a threshold, Thresholduser.
Proposal 7: The user interaction delay is used as a key metric for uplink capacity evaluation.
Proposal 8: The uplink capacity of a network is defined as the maximum number of users per cell for which the user interaction delay is equal to or less than the uplink PDB.
Proposal 9: The UE power consumption model captured in TR38.840 can be used as a starting point for power consumption evaluation.
Proposal 10: For power consumption evaluation, the consumed power, capacity and resource utilization are considered as the performance metrics.
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Appendix – Simulation assumptions	
[bookmark: _Ref1208685]Table I. System level simulation assumption for FR1 DL
	Parameter
	value

	Scenarios
	Scenario-1: Indoor Hotspot
	Scenario-2: Dense Urban

	Carrier frequency
	3.5 GHz

	Bandwidth 
	100 MHz, 1.72% Guard Band 

	Subcarrier spacing
	30 KHz

	Frame structure
	[DDDSU DDSUU]

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 32T: (4,4,2,1,1;4,4)
	For 64T: (12,8,2,1,1;4,8)

	UE Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 4R: (1,2,2,1,1;1,2)

	BS antenna pattern
	Ceiling-mount pattern, 5 dBi
	3-TRxP pattern, 8 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	TX Power
	BS : 24 dBm
	BS : 53 dBm

	Noise Figure
	BS:5 dB, UE:7 dB

	Scheduler
	MU-MIMO Proportional Fair

	Max MCS
	256QAM

	Device deployment
	100% indoor
	80% outdoor, 20% indoor

	Down-tilt
	90 degrees
	105 degrees

	UE speed
	3 km/h



[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Table II. System level simulation assumption for FR1 UL
	Parameter
	value

	Scenarios
	Scenario-1: Indoor Hotspot
	Scenario-2: Dense Urban

	Carrier frequency
	3.5 GHz

	Bandwidth 
	20 MHz, 2.8% Guard Band 

	Subcarrier spacing
	30 KHz

	Frame structure
	[DDDSU DDSUU]

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 32R: (4,4,2,1,1;4,4)
	For 64R: (12,8,2,1,1;4,8)

	UE Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 2T: (1,1,2,1,1;1,1)

	BS antenna pattern
	Ceiling-mount pattern, 5 dBi
	3-TRxP pattern, 8 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	TX Power
	UE : 23 dBm (P0 = -80 dBm, alpha = 0.8)

	Noise Figure
	BS:5 dB, UE:7 dB

	Scheduler
	MU-MIMO Proportional Fair

	Max MCS
	256QAM

	Device deployment
	100% indoor
	80% outdoor, 20% indoor

	Down-tilt
	90 degrees
	105 degrees

	UE speed
	3 km/h



Table III. System level simulation assumption for FR2 DL
	Parameter
	value

	Scenarios
	Indoor Hotspot

	Carrier frequency
	26 GHz

	Bandwidth 
	400 MHz, 4.96% Guard Band

	Subcarrier spacing
	120 KHz

	Frame structure
	[DDDSU]

	BS Antennas (M,N,P,Mg,Ng;Mp,Np)
	For 8T: (16,8,2,1,1;2,2)

	UE Antennas (M,N,P,Mg,Ng;Mp,Np)
	For 8R: (2,4,2,1,2;1,2)

	BS antenna pattern
	Ceiling-mount pattern, 5 dBi

	UE antenna pattern
	Directional antenna panel, 5 dBi

	TX Power
	BS: 23dBm

	Noise Figure
	BS:7 dB, UE:10 dB

	Scheduler
	SU-MIMO Proportional Fair

	Max MCS
	256QAM

	Device deployment
	100% indoor

	Beam set at TRxP
	Azimuth angle φi = [-67.5, -22.5, 22.5, 67.5] degrees
Zenith angle θj = [11.25, 33.75, 56.25, 78.75, 101.25, 123.75, 146.25, 168.75] degrees

	Beam set at UE
	Azimuth angle φi = [-45, 45] degrees
Zenith angle θj = [45, 135] degrees

	UE speed
	3 km/h
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CDF


The power consumption proportions of different modules
Communication	
Video 1	Video 2	0.39600000000000046	0.39800000000000046	Display	
Video 1	Video 2	0.31300000000000033	0.29500000000000032	Others	
Video 1	Video 2	0.29100000000000031	0.30700000000000033	


The ratio of users with PD ≥ 99%
Case 1	1	3	5	7	9	11	1	0.94444444444444464	0.80833333333333302	0.70976190476190459	0.49537037037037079	0.36363636363636398	Case 2	1	3	5	7	9	11	1	0.99166666666666659	0.97222222222222199	0.96428571428571463	0.80555555555555602	0.70075757575757602	Case 3	1	3	5	7	9	11	1	0.81944444444444464	0.61666666666666703	0.37500000000000033	0.203703703703704	0.11363636363636398	Number of UEs per cell




The ratio of users with PD ≥ 99%
Case 1	1	3	5	7	9	11	1	0.97619047619047761	0.93809523809523865	0.89795918367346905	0.83597883597883693	0.76623376623376604	Case 2	1	3	5	7	9	11	1	0.99659863945578264	0.98412698412698307	0.97619047619047761	0.96354497354497393	0.94588744588744533	Case 3	1	3	5	7	9	11	1	0.93619047619047746	0.80952380952381064	0.72000000000000064	0.53968300000000002	0.39393940000000033	Number of UEs per cell




Resources utilization
Case 1	1	3	5	7	9	11	0.10507445000000006	0.35242850000000037	0.62138649999999951	0.80528149999999998	0.9230005	0.96667899999999995	Case 2	1	3	5	7	9	11	0.10915950000000002	0.36501950000000022	0.60472350000000041	0.82883450000000003	0.92978099999999997	0.97243749999999951	Case 3	1	3	5	7	9	11	0.2453225	0.78006849999999961	0.94002050000000004	0.99702449999999998	0.99980400000000003	0.99985349999999951	Number of UEs per cell




Resources utilization
Case 1	1	3	5	7	9	11	0.11104700000000001	0.3292760000000004	0.55394550000000065	0.69154950000000004	0.8270824999999995	0.8946885	Case 2	1	3	5	7	9	11	0.1214375	0.37139900000000031	0.57080699999999951	0.69334200000000001	0.81377850000000063	0.89380599999999999	Case 3	1	3	5	7	9	11	0.24497650000000001	0.68132400000000004	0.922763	0.9694739999999995	0.99469200000000002	0.999838	Number of UEs per cell




The ratio of users with PD ≥ 99% 
Indoor Hotspot	1	3	5	7	9	11	1	0.99995400000000001	0.999722	0.99981100000000001	0.99993799999999955	0.99993100000000001	Number of UEs per cell



The ratio of users with PD ≥ 99% 
Dense Urban	1	3	5	7	9	11	1	1	0.99523799999999929	0.99659900000000001	0.99470899999999951	0.99526799999999938	Number of UEs per cell



Resources utilization
Indoor Hotspot	1	3	5	7	9	11	5.2718000000000056E-2	0.17333299999999999	0.28358300000000025	0.450262	0.55470000000000041	0.62449800000000044	Number of UEs per cell



Resources utilization
Dense Urban	1	3	5	7	9	11	5.4243E-2	0.17342900000000011	0.29219600000000001	0.39826000000000022	0.4772010000000001	0.57802900000000046	Number of UEs per cell



The ratio of power state time with or without DRX configuration
DRX configuration 1	
micro sleep	pdcch-only	pdsch	46.332857142857151	44.629047619047554	8.8476190476190517	DRX configuration 2	
micro sleep	pdcch-only	pdsch	45.734761904761903	44.948571428571462	9.1261904761904642	without DRX configuration	
micro sleep	pdcch-only	pdsch	0	90.908095238095228	8.9014285714285712	8 2 1-1 UE	
42.130476190476188	16.342857142857142	21.77809523809524	
Power state time ratio(%)



The power consumption with or without DRX configuration
DRX configuration 1	
92.021690476190486	DRX configuration 2	
92.910000000000025	without DRX configuration	
117.61238095238078	8 2 1-1 UE	
106.23063809523808	Power consumption



 
DRX configuration 1	
UE capacity	Percentage of successful delivered packets	Resources utilization	1	0.99960000000000004	0.11	DRX configuration 2	
UE capacity	Percentage of successful delivered packets	Resources utilization	0.95200000000000062	0.9964999999999995	0.113	Without DRX configuration	
UE capacity	Percentage of successful delivered packets	Resources utilization	1	1	0.11119999999999998	



95th Percentile user interaction delay 
100Bytes-Indoor Hotspot	1	3	5	7	9	11	13	15	2.7375200000000017	2.6701899999999998	2.6456599999999981	2.66655	2.67455	2.7020599999999981	2.8920499999999962	3.6548699999999981	Number of UEs per cell

User interaction delay (ms)


95th Percentile user interaction delay
100Bytes-Dense Urban	1	3	5	7	9	11	13	15	2.71061	2.6456599999999981	2.6701899999999998	2.66655	2.6714399999999987	2.67455	2.8697399999999997	3.4419200000000001	Number of UEs per cell

User interaction delay (ms)


The ratio of users with PD ≥ 99%
Case 1	5	10	15	20	25	1	1	1	1	1	Case 2	5	10	15	20	25	1	1	1	1	1	Case 3	5	10	15	20	25	1	1	1	0.99580000000000002	0.68500000000000005	Number of UEs per cell




Resources utilization 
Case 1	5	10	15	20	25	7.450000000000008E-2	0.14930000000000004	0.2306	0.31200000000000033	0.40090000000000031	Case 2	5	10	15	20	25	7.4200000000000002E-2	0.15100000000000016	0.23219999999999999	0.31850000000000039	0.40790000000000032	Case 3	5	10	15	20	25	0.14810000000000001	0.3124000000000004	0.48570000000000002	0.67640000000000078	0.89029999999999998	Number of UEs per cell




image2.png
o 9 Vel

VDR
AR \P MR

¥ -
[ Retal
Education ’.’
® Marketing &
advertising

wilitary
/N m
["e” Engineering
Emergency response

Industrial &
manufacturing




image3.emf

image4.png
Uplink Latency

XR Server
XR Scene i
Generation R Device Display
l Tracking and Sensor
XR Viewport N
Information :
Pre-Rendering - 3DOF'/6DOF XR Vlewpon
Rasterization Q > [« Trackingand Rendering
l o 2 XR Sensors (ATW only)
® 2
H 2
2D Media 4 7
N < \ [}
Encoding \ N
2D Media for pre- XR Media )
l 2D Media
/ Content Decoders
XR Media Delivery
Content —
Delivery

Downlink Latency





image5.emf
L

R

L

R

R

R

R

L

L L

t

t

Traffic source type 1

Traffic source type 2

L R

Left eye packet  Right eye packet

16.67ms 16.67ms

8.33ms 8.33ms

PDB 10ms

L

R


image6.emf
L

t

2ms

PDB 10ms


image7.emf
D D D S U D D S U U

User interaction data 

capturing and processing

User interaction data 

receiving and processing

gNB processing timeline

UE processing timeline

User interaction delay


image8.emf
L

R

L

R

t

Packet transmission starting time

Without DRX configuration

L

R

L

R

t

With DRX configuration

L

R

L

R

ON ON ON ON Sleep Sleep

DRX cycle

DRX configuration

Packet transmission duration Transmission delay caused by DRX


