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1 Background
eXtended Reality (XR) and Cloud Gaming (CG) are some of the most important 5G media applications under consideration in the industry. XR is an umbrella term for different types of realities and refers to all real-and-virtual combined environments and human-machine interactions generated by computer technology and wearables. It includes representative forms such as Augmented Reality (AR), Mixed Reality (MR) and Virtual Reality (VR) and the areas interpolated among them [1].

The SID[1] provides the justification and objectives of the study – including confirmation of applications of interest,  identification of traffic model(s), and identification of KPIs and evaluation methodology. Based on these, RAN1 is to carry out the evaluation of XR in 5G under various scenarios and traffic conditions towards characterization of the identified KPIs. Following is the objective of SID captured from [1].

	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 



In this paper, we discuss XR application, traffic model, KPIs, and additional evaluation methods required for XR evaluation. 
2 XR Applications
The Technical Report on Extended Reality (XR) in 5G [1] captured mapping of XR core technologies to 5G in XR processing (e.g., pose generation, rendering, etc) and XR media (encoding, formats, rate, etc) centric architecture point of view. The five applications VR1, VR2, AR1, AR2, and CG listed in [1] correspond to XR applications with different performance requirements and architectures to support them. Here we have brief description of the applications.
· [bookmark: _Hlk54335502]VR1: “Viewport dependent streaming”
· Tracking is processed in XR device and pose is sent to XR edge server.
· XR media is delivered/requested based on XR viewport.
· Reduced or viewport optimized scene is delivered (e.g., object not visible in viewport is not delivered).
· Required rate (e.g., 25Mbps) is much lower than viewpoint independent streaming
· VR2: “Split Rendering: Viewport rendering with Time Warp in device” 
· XR server prerenders the XR scene based on pose information received from XR device.
· XR device further processes the received pre-rendered scene based on pose information using ATW (asynchronous time warping) technique to reflect head motion made after the scene is rendered.
· Viewport can be encoded in 2D or 3D format.
· AR1: “XR Distributed Computing”
· Architecture is similar to split rendering.
· XR device captures 2D streams from a camera and send the captured stream to XR edge server.
· UL has higher rate due to uploaded scenes.
· AR2: “XR Conversational”
· Conversational model where multiple XR users exchange XR scenes.
· CG: “Cloud Gaming”
· Gaming based on rendering in network and user’s control information feedback to network
· Required rate: 5-35Mbps @ 60Fps
· Low-end AR (smart glasses) 
· There could be another type of AR application which could categorized to AR but with lower required data rate (1~25Mbps) than above mentioned AR1/2.
· This is to provide AR (non)-immersive AR experience at low-end devices with 2D video and/or text.
· SA4 has recently started a new SI FS_5GSTAR to study glass type AR devices [2] which could be relevant to this type of application.
Proposal 1: RAN1 considers all the XR applications described in the RAN XR SID for evaluation (i.e., VR, AR, and CG). More details, e.g., prioritization and/or down-selection of them can be further discussed once the outcome of SA4 study on XR traffic model becomes available.
3 XR Traffic Characteristics and Traffic Model
1 
2 
3 
XR Traffic Study in SA4
In SA4 R17 SI “Feasibility Study on Extensions to Typical Traffic Characteristics”, SA4 is working on the identification of traffic characteristics on different services including XR with following objective[3].
	Collect and document traffic characteristics including for different services, but not limited to
· Downlink data rate ranges 
· Uplink data rate ranges 
· Maximum packet delay budget in uplink and downlink 
· Maximum Packet Error Rate, 
· Maximum Round Trip Time
· Traffic Characteristics on IP level in uplink and downlink in terms of packet sizes, and temporal characteristics. XR Services and Cloud Gaming based on the initial information documented in TR26.928 including. 
Collect additional information, such as codecs and protocols in use.
Provide the information from above at least for the following services (initial services) 
· Viewport independent 6DoF Streaming
· Viewport dependent 6DoF Streaming 
· Simple Single Buffer split rendering for online cloud gaming
· Cloud gaming
· MTSI-based XR conversational services
Identify additional relevant XR and other media services and document their traffic characteristics
Document additional developments in the industry that impact traffic characteristics in future networks
Identify the applicability of existing 5QIs/PQIs for such services and potentially identify requirements for new 5QIs/PQIs or QoS related parameters.
Communicate with other 3GPP groups and external organizations on relevant aspects related to the study.



The [4] and [5] include initial documentation of traffic characteristics for cloud gaming. The SI is supposed to provide additional traffic models (for XR) and end-to-end simulation model.  As soon as the outcome of the SA4 study is available, RAN1 can consider the outcome in the discussion and the determination of traffic models to be used for RAN1 evaluation. Since SA4 is currently working on multiple services/architecture, it is expected that the outcome could be provided to RAN1 based on the progress/completion of study of each service.
Proposal 2: RAN1 defers its conclusion on XR traffic model to be used for performance evaluations until the outcome of SA4 study on XR traffic model is available.

XR Traffic Characteristics and Challenges
Here we briefly discuss typical characteristics of XR traffics. 
· High rates: The required rates for XR applications are high in wide ranges (e.g., 30 –250 Mbps). For example, the XR traffic is XR scenes rendered in network and additional data (e.g., as in split rendering / viewport rendering / GC architecture) which could dynamically change in response to user’s motion/pose.
· Low latency requirement (e.g., 50-60 ms end-to-end latency, about 10ms budget for DL/UL transmission in RAN): To provide XR user with the feeling of “presence”, it is very important to have low latency. For example, low motion-to-photon latency within 20ms is required to make user to feel no lagging.
· Frequent quasi-periodic file arrivals (e.g., 45/60/120 fps) at gNB: High frame update rate is required to provide “low persistency”. The “low persistency” makes what is presented in AR glasses be updated quickly in response to user’s motion/pose change. 
· Variable file size: Depending on the dynamicity, complexity, user’s pose/motion, the file (frame) size can vary significantly.
· Jitter: encoding delay, network delay, etc. contributes to jitter in periodic arrivals.
· Burst arrival & burst interference: A frame could be divided into multiple slices and IP packets which arrive at gNB in a bursty manner, which could potentially generate a burst interference to neighbor cells.

Challenges in Supporting XR Traffic
We discuss challenges in serving XR over NR in four aspects: capacity, power, mobility, coverage.
Capacity Perspective 
· High data rate, tight latency and high reliability requirements make it challenging to support many users in a cell (especially cell edge users).
· Burst arrival of traffic introduces burst interference which makes it hard to adapt to link dynamically.
· Power saving schemes trading off delay and power could have potentially negative impact on capacity.
Power Perspective
· Small form factor for XR devices, e.g., HMD, AR glasses, requires small battery size.
· Wearable device requires full day of use without thermal complication. 
· High traffic rate requires large power consumption.
Mobility Perspective
· Providing seamless XR experience (i.e., while satisfying data rate, reliability, latency requirements) for UEs in mobility event could be challenging for XR applications requiring high rates and low latency.
Coverage Perspective
· It would be challenging for cell edge UEs to support XR applications requiring high rates and low latency.  For instance, in the ongoing Rel-17 coverage enhancement study, the target rate requirements are 10 Mbps and 1 Mbps for DL and UL, respectively that are much lower than data rate requirements for certain XR applications.  Furthermore, supporting frequent UL transmission (e.g., pose/scene update) in cell edge could be challenging.
4  Evaluation Methodology
4 
Scenarios
It is important to find the most relevant scenarios to each application of interest for evaluation.  Table 1 includes the list of relevant scenarios for each application considered for FR1. We expect VR would be mostly used indoor environment since users wear head mount display (HMD). For AR, considering the use cases with wearable glasses, UMi and InH are most likely. But, UMa could be optionally also considered considering low rate AR applications (e.g., XR scene with lower quality or minimal graphics and data). For CG, both indoor and UMi case are considered given that CG on smartphone gets more popular.
[bookmark: _Ref53689133][bookmark: _Ref54358913]Table 1 Evaluation Scenarios for different XR Applications (FR1)
	Applications
	VR
	AR
	CG

	Scenarios
	InH open office
UMi mixed
	UMi mixed
InH open office
	InH open office
UMi mixed



[bookmark: _Ref54083446][bookmark: _Ref54083435]Table 2 Evaluation Scenarios for different XR Applications (FR2)
	Applications
	VR
	AR
	CG

	Scenarios
	InH open office

	UMi outdoor
InH open office
	InH open office
UMi outdoor



Proposal 3: Evaluate following deployment scenarios for VR, AR, and CG. Scenarios are listed in the order of relevance.
· For FR1 
· VR: InH open office, UMi mixed
· AR: UMi mixed, InH open office
· CG: InH open office, UMi mixed
· For FR2
· VR: InH open office
· AR: UMi outdoor, InH open office
· CG: InH open office, UMi outdoor

Capacity
KPI
Following KPIs can be considered in the evaluation of XR capacity. The “file” below could be either frame or slice to which different delay budget is applied. 
DL
· DL system capacity denotes the number of UEs per cell satisfying a given DL quality requirement, where the DL quality requirement” could be determined considering SA4 input. 
One example of the “DL quality requirement” could be “DL file delivery ratio higher than X(e.g., 99%) percentage”.  The percentage of DL files delivered within delay budget directly can affect the quality of XR user experience. This is commonly used metric in RAN1 evaluation. However, it is observed that XR application quality could not be simply captured by file delivery ratio only due to its complex nature of XR content and its dependency on many factors such as codec, architecture, latency requirement to user’s motion, etc.  SA4 is currently working on developing reasonable quality evaluation model which can capture such characteristics. RAN1 could discuss/determine after SA4 provides its outcome to RAN1.
UL Pose
· Age of pose (AOP): an average of time durations between the time T1 a frame X is generated and the time T2 a most recent pose information is generated which is used for the frame X. The AOP is averaged metric w.r.t the time X. The shorter AOP means user’s motion quickly reflected on what is presented to the user’s display in HMD/glasses.
UL Scene
· UL system capacity denotes the number of UEs per cell satisfying a given UL quality requirement, where the UL quality requirement” could be determined considering SA4 input. 
Note that quality metric could be highly dependent on application/architecture/traffic of interest. Thus, like DL case, the “UL quality requirement” and other potential metrics could be further discussed/determined based on SA4 input. Based on the discussion we make following proposal.

Evaluation Methodology/Assumption

Simulation Assumption
We provide baseline simulation parameters in Table 3 for FR1 evaluation. The baseline results are evaluated under various application and scenarios.
[bookmark: _Ref54343809]Table 3 System Simulation Parameters for FR1
	# UEs/cell
	Randomly located N UEs for each cell

	BS Antennas (M, N, Mg, Ng, P)
	(8, 8, 1, 1, 2) with 64 TXRU

	BS Antenna spacing
	dH= 0.5 λ, dV= 0.8 λ

	Carrier Frequency
	3.5 GHz

	Bandwidth
	Sys BW = 100 MHz

	Numerology
	30 KHz SCS, 0.5 ms slot

	PHY Processing delay
	Cap-1 Timeline, N1 = 10 OS, K2 = 1 slot, 
gNB processing delay between NACK to retx  = 3 slots

	UE ant
	4 RX, 2 TX (Co-pol)

	Layout
	57 cells w/wraparound

	Outdoor UEs %
	100% outdoor or 20% outdoor/80% indoor

	BS Antenna down tilt
	6 degrees

	Antenna Gain
	BS: 8 dBi, UE: 0 dBi per element

	Noise Figure
	BS: 5 dB, UE: 9 dB

	Max UE Tx Power
	23 dBm

	Max BS Tx Power
	24dBm for InH, 44dBm for UMi

	Doppler
	3 kmph

	Scheduler
	MU-MIMO PF Metric Based 
Delay requirement aware (and others)

	File arrival offset among UEs 
	Random, Uniformed staggered

	Guard Band Overhead
	2.08% (Useful BW: 272RBs over 100 MHz)

	Channel Estimation
	Realistic

	
	



Table 4Error! Reference source not found. provides the system level simulation assumption for FR2.
[bookmark: _Ref54358994]Table 4 System Simulation parameters for FR2
	# UEs/cell
	Randomly located N UEs for each cell

	BS Antennas (M, N, Mg, Ng, P)
	 {16, 8, 1,1,2}, 128 ant. elements per pol for InHM,   
 {32, 8, 1,1,2}, 256 ant. elements per pol for UMi

	BS Antenna spacing
	dH = 0.5ʎ,  dV = 0.5ʎ

	Carrier Frequency
	28 GHz

	Bandwidth
	Sys BW = 100, 400

	Numerology
	120 KHz SCS, 0.125 ms slot

	PHY Processing delay
	Capability-1 Timeline, N1 = 2 slots, K2 = 3 slots, 
gNB processing delay between NACK to retx  = 5 slots 

	UE ant {M, N, P}
	{2, 2, 2} per panel. Number/location of panels: 3 panels (left, right, and top) 

	Layout
	57 cells w/wraparound

	Indoor/Outdoor UEs %
	100% outdoor for UMi and 100% indoor for InHM 

	Antenna Gain
	BS: 8 dBi, UE: 5 dBi  per element

	Noise Figure
	BS: 7 dB, UE: 9 dB

	Max TX Power
	UE: 14 dBm, BS:28 dBm for UMi, 23dBm for InHM

	Doppler
	3 kmph

	Scheduler
	MU-MIMO PF Metric Based 

	Bandwidth Efficiency 
	95% 

	Channel Estimation
	Realistic

	
	



Proposal 4: RAN1 considers simulation parameters in Table 3 and 4 for FR1 and FR2, respectively. 

Scheduling Algorithm
XR traffic generally has tight file delay bound (FDB) requirement in the range of e.g., 10ms ~ 20ms in DL and 10ms for UL for typical AR applications. The given FDBs are quite tight considering large XR packet size and multiple users in a cell. To meet the FDB requirement, for example in DL, one can think of scheduling algorithm considering remaining delay budget of each file. It is not difficult to imagine that such delay aware scheduling algorithm would perform better than others in handling traffics with tight latency requirement. So, it could direct impact on XR system capacity. In this regard, it would be very informative to study delay aware scheduler which could give an insight on the impact of scheduling algorithm on XR capacity.
Proposal 5: RAN1 studies XR capacity under various scheduling mechanisms including conventional PF scheduler and delay aware scheduler.

UE Staggering with Traffic Arrival Offsets
XR traffic is known to be pseudo periodic. Due to this nature, if two or more XR users’ traffic arrival times are similar to each other, the instantaneous workload for data transfer at gNB could increase very rapidly and it could also extend the file transfer time to each XR users. So, we expect that the XR capacity could highly depend on the arrival time of XR traffics.  Knowing the impact of different traffic arrival offset on DL/UL performance could very helpful in understanding XR capacity.
Proposal 6: RAN1 studies XR capacity under various assumptions on traffic arrival offset among UEs.



Power

KPI
· per-UE power consumption: This measures the average UE power consumption (modem+RF) for the considered duration. Total measured energy is divided by the total considered duration.
· Average power consumption across UEs: This is the average of per-UE power consumption across all UEs considered.
· 10, 50, 90%tile points in the CDF of per-UE power consumption: These metrics represent the bottom 10%, 50%, top 10% per UE power consumptions.

It is expected that UE power consumption is not dependent on SA4 input on traffic model.  Power related metric could be based on what has been used during R16 UEPS SI. In XR SI, it would be meaningful to capture system level power as well to understand difference of UE power consumption in e.g., cell center and cell edge for better understanding.

Proposal 7: RAN1 adopts the following KPIs for XR power evaluation.
· Average per-UE power consumption for the considered duration
· Average power consumption across UEs
· 10, 50, 90%tile points in the CDF of per-UE power consumption

System Level Study for capturing Capacity - Power Trade-off 
In general, power consumption under a certain power saving scheme has impact on capacity. One good example is CDRX mechanism. UE configured with long CDRX cycle will stay longer in DRX off state, which leads to lower power consumption. However, longer sleep could incur increased queuing delay of DL data transmissions. Especially for applications with tight delay requirement like XR, the increased DL delay is directly translated to packet loss, having negative impact on capacity. This means one can easily show very high power saving gain of a certain power saving scheme at the sacrifice of capacity. Due to this capacity and power trade-off (or coupling), the two pair of metrics (capacity, power) should be evaluated/analysed together. The interaction of these two metrics cannot be captured in link level study or single UE CDRX simulation study. It can be correctly captured through only system level simulation study. 
Proposal 8: RAN1 performs system level simulation method for power evaluation, especially to accurately evaluate the capacity-power tradeoff.  In addition, power evaluation via system level simulation can evaluate impact from UE scheduling algorithm that can not be captured by link level simulation. 

The conceptual trade-off between capacity and power in illustrated in Error! Reference source not found.. The grey point is the baseline scheme w/o power saving scheme: UE in always ON state (i.e., no DRX enabled). If CDRX is enabled, CDRX mechanism makes UE enter DRX OFF duration whenever possible, e.g., when inactivity timer expires. While UE is in OFF state, new packet could arrive at gNB and it could waste packet latency budget while sitting at gNB DL buffer until UE wakes up at upcoming DRX ON duration. Larger cycle could seriously affect UE’s packet reception ratio and could eventually make negative impact on capacity. The general trade-off relation of CDRX is denoted as red dashed line. There could be other power saving technique (blue dashed line) which has better trade-off relation than CDRX.

[image: ]
[bookmark: _Ref54347973]Figure 1 The tradeoff relation between capacity and power with power saving techniques

Observation 1: Power and capacity has trade-off relation.

[bookmark: _Hlk54083781]Evaluation Methodology/Assumption
Baseline Power Evaluation Methodology
The power evaluation methodology defined in R16 UE Power Saving SI provides basic power consumption evaluation method for XR power evaluation. However, considering that system level power study is preferred, and UL power contribution is significant, we see that there is need to improve power evaluation method. In this section, we list the potential enhancements in power evaluation methodology give in [6].
Proposal 9: The UE power evaluation methodology in 38.840 is the baseline of XR power evaluation with additional enhancements.

Power Evaluation Subject to Capacity Constraint
Power evaluation needs to be done subject to a capacity constraint. This is the direct consequence of above observation of capacity - power trade-off. Since capacity is affected in negative way with power saving scheme applied, the evaluation/comparison of power saving schemes should be done subject to a certain capacity constraint, e.g., with minimal capacity hit.
Proposal 10: In case power saving gain of power saving techniques is quantified, the gain is evaluated, compared, and captured subject to a given capacity constraint.

Genie power saving scheme
The magenta point in Figure 1. denotes (capacity, power) point of Genie scheme. The Genie PS scheme can be defined, e.g., the PS scheme with which UE enters sleep state in all the slots where no transmission or reception happens. This scheme, by definition, should not give any impact on capacity number since UE receptions/transmissions are not affected by this scheme.  The Genie scheme will provide the maximum power saving gain since there is no slot not used for tx or rx. In this sense, the Genie scheme could be understood as providing the upper bound of power saving gain for the given realization of tx/rx trace. We think identification of Genie performance could be quite informative in the sense that it could shows the gap between current power performance and upper bound it can achieve.
Proposal 11: Evaluate Genie power performance, where Genie is the hypothetical power saving scheme allowing UE to enter sleep state in all the slots where no tx/rx occurs.

DL+UL co-simulation
For dynamic grant (DG)-based UL tx transmission, the UL transmission depends on UL grant reception which is received in preceding DL slots. The tx availability in the DL slots depends on DRX status of the UE, which highly depends on inactivity timer, etc. So, for DG based scheme, DL and UL traffic should be simulated together to correctly capture the interaction of CDRX status and UL tx opportunity.
Proposal 12: In power evaluation, DL and UL are simulated together to capture interaction between DL and UL.

UL Power Contribution
In XR services, UL traffic is an important factor to consider since UL traffic capturing UL’s pose / control and scene is periodically sent to XR Edge Server and it’s power contribution to overall power consumption is significant. For example, for cell edge UEs, the UL power contribution could reach to 30% ~ 50% of total power consumption. It depends on UE transmit power, UL tx frequency, UL date rate, # of UEs per cell, etc. UEs in cell centre also have significant portion of UL power which ranges in 20%~35%. Thus, we see that power contribution from UL tx is indeed significant and should be captured in power study.
Proposal 13: UE power consumption from UL transmissions should be captured in power study.

Power Consumption for UL Transmission with Intermediate Tx Power
The UE power consumption due to UL transmission depends largely on power consumption from power amplifier. Larger tx power requires larger PA power consumption. In current power evaluation methodology [6], the power consumption for 0dBm and 23dBm tx power are captured. There are no defined power consumption numbers for tx power for other tx power numbers. For single UE power study with the assumption of 0 or 23dBm transmission power, this is good enough. However, in system level study, where UE’s transmit power depends on pathloss and SNR target, this could be problematic in power consumption computation since UE’s transmit power would be different from 0dBm/23dBm in most of cases. To support UE power consumption for UE tx power different from 0dBm and 23dBm, we can consider using interpolation technique.
Figure 2 shows the results of linear interpolation between two end points of power consumptions for UL tx (14 symbols of PUSCH) is given (0dBm, 250) and (23dBm, 700). Using interpolation technique, 20dBm tx power gives power of 475.
[image: Machine generated alternative text:
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[bookmark: _Ref54288153]Figure 2 Interpolated Power consumption for Tx power between (0dBm, 250) and (23dBm, 700) for UL slot

Proposal 14: Support the linear interpolation-based power consumptions estimation for UL slots with tx power level other than 0dBm and 23dBm.

TDD frame Structure for UL Power Evaluation
One of the difficulties in power evaluation based on [6] is the handling of special (S) slot, which includes both DL and UL symbols in the same slot. The difficulty arises due to a few reasons. 
· First, there is little or no modelling for S slot which could be the foundation of new modelling.
· Second, the power contribution of one DL symbol is different from power contribution of one UL symbol. This makes it hard to apply interpolation technique. If a slot is homogeneous (i.e., DL only symbols or UL only symbols), then it is easier to apply interpolation technique to estimate the slot power for slot with Z UL symbols with 1<Z<14 between two slot powers (e.g., X= UL slot (14 UL symbols) and Y=short PUCCH (1 UL symbol))
Observation 2: The power model needs to be improved to take into account power consumption in S slot.
Current power model has very limited UL slots. Considering that XR applications has large UL power contribution, it seems that additional UL slots may be needed to capture power consumption contribution from UL activity. The example UL slots would be 
· PUSCH+PUCCH+SRS
· PUCCH+SRS
· SRS
· Etc
Observation 3: Additional power modelling for UL slots is needed to capture UL power contribution.

Impact of Jitter
XR traffic is often assumed to have a periodic arrival pattern. However, in reality, the starting point of each DL file (or frame) arrival could be variable, partially due to varying encoding delay and network delay. If XR scene is dynamically changing or if the size of frame is relatively larger than other frames, then encoder needs more time in encoding. The queuing delay in wired network between XR server and gNB is another contributor to jitter. 
Studying the impact of jitter could provide insight on UE power consumption, e.g., when UE is configured with DRX. The uncertainty coming from random arrival of file could make it reduce the power saving gain of DRX. It could require more conservative DRX configuration to meet tight delay requirement, which is translated to higher UE power consumption.
Although jitter is the part of traffic model, it would be helpful to study its impact on UE power consumption, e.g., by evaluating and comparing power consumption between with and without jitter.  It could provide insight on the relation between power cost to support XR in an environment with randomness.
Proposal 15: Study the jitter effect on UE power consumption, especially when power saving techniques are evaluated.  Although jitter is the part of traffic model, it would be highly informative to study and compare UE power performance between the cases with and without jitter.  

Power Saving Effects of Different Power Saving Features 
The power saving evaluation could be done under different power saving schemes introduced R15, R16, or even R17. For example, following assumptions/schemes could be considered for power evaluation.
· CDRX
· BWP switching
· Cross slot scheduling
· WUS 
· L1 based dynamic PDCCH monitoring reduction (e.g., PDCCH skipping)
· UE staggering intra/inter cells
· Combinations of above PS techniques
· Jitter effect of DL burst arrival
· Alignment of DL rx and UL tx.
· Other
Considering that there are already many schemes and potential combinations of them, RAN1 needs to first identify the limited set of schemes to evaluate. 
In addition to PS schemes in R15, 16, 17, it would be also necessary to evaluate a few different simulation assumptions which could have high impact on UE power consumption, e.g., jitter of DL burst arrival, tx/rx alignment, etc
Proposal 16: For XR power evaluation, RAN1 consider various power saving schemes including R15/R16/R17 power saving techniques and various assumptions having high impact on UE power consumption. 

Coverage
As discussed in the SID [1], coverage is another important factor for XR and Cloud Gaming.  Similar to other aspects, RAN1 need to develop KPIs and detailed evaluation methodology/assumptions.  To appropriately manage RAN1 workload w.r.t. XR evaluation study item, discussion on evaluation methodology and execution of simulations for coverage study may start a bit later. Our view on detailed work plan is presented in [7].

Mobility
As discussed in the SID [1], mobility is another important factor for XR and Cloud Gaming.  Similar to other aspect, RAN1 need to develop KPIs and detailed evaluation methodology/assumptions.  To appropriately manage RAN1 workload w.r.t. XR evaluation study item, discussion on evaluation methodology and execution of simulations for mobility study may start a bit later. Our view on detailed work plan is presented in [7].

Proposal 17: RAN1 defers its conclusion on KPIs for capacity, power, mobility, and coverage until the outcome of SA4 study on XR traffic model is available.  This is because definition of KPIs is highly relevant to traffic model that may involve how to measure quality of service. 


5 Conclusion
In this paper, we have discussed XR applications, traffic characteristics, and evaluation methodology for capacity, power, coverage, and mobility of XR system. Given that SA4 is working on applications/architecture, traffic model, quality evaluation framework, RAN1 could defer making its decisions on these items until the outcome of SA4 becomes available. 
For XR evaluation, it has been observed that system level study is necessary due to the interacting nature of capacity and power (or scheduler and power saving scheme).  System level study would allow us to capture the trade-off between capacity and power and to perform fair evaluation of different power saving schemes.
Especially in power evaluation, it is observed that UL power consumption contribution makes significant portion of total UE power consumption. Thus, it is necessary to study UL power consumption with improved power model.
Per discussion in this paper, we make the following proposals and observations. 
Proposal 1: RAN1 considers all the XR applications described in the RAN XR SID for evaluation (i.e., VR, AR, and CG). More details, e.g., prioritization and/or down-selection of them can be further discussed once the outcome of SA4 study on XR traffic model becomes available.
Proposal 2: RAN1 defers its conclusion on XR traffic model to be used for performance evaluations until the outcome of SA4 study on XR traffic model is available.
Proposal 3: Evaluate following deployment scenarios for VR, AR, and CG. Scenarios are listed in the order of relevance.
· For FR1 
· VR: InH open office, UMi mixed
· AR: UMi mixed, InH open office
· CG: InH open office, UMi mixed
· For FR2
· VR: InH open office
· AR: UMi outdoor, InH open office
· CG: InH open office, UMi outdoor
Proposal 4: RAN1 considers simulation parameters in Table 3 and 4 for FR1 and FR2, respectively. 
Proposal 5: RAN1 studies XR capacity under various scheduling mechanisms including conventional PF scheduler and delay aware scheduler.
Proposal 6: RAN1 studies XR capacity under various assumptions on traffic arrival offset among UEs.

Proposal 7: RAN1 adopts the following KPIs for XR power evaluation.
· Average per-UE power consumption for the considered duration
· Average power consumption across UEs
· 10, 50, 90%tile points in the CDF of per-UE power consumption
Proposal 8: RAN1 performs system level simulation method for power evaluation, especially to accurately evaluate the capacity-power tradeoff.  In addition, power evaluation via system level simulation can evaluate impact from UE scheduling algorithm that can not be captured by link level simulation. 
Observation 1: Power and capacity has trade-off relation.
Proposal 9: The UE power evaluation methodology in 38.840 is the baseline of XR power evaluation with additional enhancements.
Proposal 10: In case power saving gain of power saving techniques is quantified, the gain is evaluated, compared, and captured subject to a given capacity constraint.
Proposal 11: Evaluate Genie power performance, where Genie is the hypothetical power saving scheme allowing UE to enter sleep state in all the slots where no tx/rx occurs.
Proposal 12: In power evaluation, DL and UL are simulated together to capture interaction between DL and UL.
Proposal 13: UE power consumption from UL transmissions should be captured in power study.
Proposal 14: Support the linear interpolation-based power consumptions estimation for UL slots with tx power level other than 0dBm and 23dBm.
Observation 2: The power model needs to be improved to take into account power consumption in S slot.
Observation 3: Additional power modelling for UL slots is needed to capture UL power contribution.
Proposal 15: Study the jitter effect on UE power consumption, especially when power saving techniques are evaluated.  Although jitter is the part of traffic model, it would be highly informative to study and compare UE power performance between the cases with and without jitter.  
Proposal 16: For XR power evaluation, RAN1 consider various power saving schemes including R15/R16/R17 power saving techniques and various assumptions having high impact on UE power consumption. 
Proposal 17: RAN1 defers its conclusion on KPIs for capacity, power, mobility, and coverage until the outcome of SA4 study on XR traffic model is available.  This is because definition of KPIs is highly relevant to traffic model that may involve how to measure quality of service. 
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