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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK41][bookmark: OLE_LINK45]eXtended Reality (XR) and Cloud Gaming (CG) are important media applications enabled by 5G. In RAN#86, a new study item on XR evaluations for NR [1] was approved to identify XR applications, corresponding traffic models, KPIs, and evaluation methodologies, and then carry out performance evaluations. Some initial discussions and agreements have been made in RAN1#103-e on many aspects, e.g. applications, KPIs, and evaluation assumptions/methodologies [2]. RAN1 will continue to discuss these aspects. 
In this contribution, we provide our views on deployment scenarios and evaluation methodology for XR and CG. 
Deployment scenarios
In RAN1#103-e [2], the following agreements were made:
	Agreement:
Adopt the following deployment for XR/CG evaluations
· Indoor hotspot: FR1 and FR2
· Detailed definition of Indoor hotspot refers to TR 38.913.
· Channel model: InH. Detailed definition of InH refers to TR 38.901.
· Dense urban: FR1 and FR2
· Detailed deployment refers to TR 38.913, where single layer with Marco layer is assumed.
· Channel model: UMi. Detailed definition of UMi refers to TR 38.901.
FFS: Whether to prioritize FR1 for evaluation.
Note 1: When selecting the deployment and evaluation assumptions for XR/CG evaluations, it is up to company to evaluate FR1 or FR2 or both for the frequency range.
Note 2: It does not mean that all applications are evaluated for all the deployment scenarios.

Agreement:
Urban Macro can be optionally reported for XR/CG evaluations only for FR1.
· FFS: whether Uma is optional or not
· Following parameters can be assumed.
	Parameter
	Proposed value

	
	Urban Macro (FR1)

	Layout
	21cells with wraparound
ISD = 500 m

	BS Tx power
	FR1: 49 dBm/20 MHz


 
Agreement:
It is to be further discussed how to prioritize the combinations of deployment scenarios and applications after traffic models for each application are stable.


[bookmark: OLE_LINK102][bookmark: OLE_LINK3][bookmark: OLE_LINK31][bookmark: OLE_LINK4]In this section, we discuss how to prioritize the combinations of deployment scenarios and applications. For NR deployment, both Dense Urban and Urban Macro scenarios with FR1 are typical scenarios and first choices for current commercial use. For typical XR and CG applications, some of the XR/CG UEs may stay in houses, while some of the XR/CG UEs may walk in streets or stay in cars. It is expected to support XR and CG services in both indoor and outdoor environments. The UE geographical distribution with both indoor and outdoor environments can be characterized by the assumptions for Dense Urban and Urban Macro scenarios in TR 38.913 [3], where 80% indoor UEs and 20% outdoor UEs are assumed. Therefore, for all applications, Dense Urban and Urban Macro deployment scenarios with FR1 should be prioritized for performance evaluation.
[bookmark: _Ref52269130][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK67]Proposal 1: For XR and CG performance evaluation, Dense Urban and Urban Macro scenarios with FR1 are prioritized.
Simulation parameters and assumptions
In RAN1#103-e [1], a lot of agreements on the simulation parameters and assumptions were achieved. However, there remains some FFS points to be discussed. In this section, we discuss these FFS points.
How to calculate the percentage of satisfied users across multiple drops of simulations 
In RAN1#103-e [1], the following agreement on system capacity was achieved. There is an FFS on how to calculate the percentage of satisfied users across multiple drops of simulations.
	Agreement:
System capacity is defined as the maximum number of users per cell with at least X % of UEs being satisfied.
· X=90 (baseline) or 95 (optional)
· Other values of X can also be evaluated optionally
Note: The exact ‘satisfied’ requirements will be discussed separately
FFS: how to calculate the percentage of satisfied users across multiple drops of simulations


In the system level simulation, it is a common method to measure the average system performance by multiple drops. The simulation performance of the system is more reliable through multiple drops of simulations. The following is an example of system level simulation using multiple drops:
· Step1: For one drop, assume there are M cells, and N UEs in each cell. Run the system level simulation, so that the statistics for each UE can be obtained.
· Step2: Run K drops.
· Step3: Finally, K*M*N statistics can be obtained, assume Q UEs in total are satisfied among all K drops, then the percentage of satisfied UEs can be calculated as P = Q / (K*M*N).
Therefore, the percentage of satisfied users is calculated across multiple drops of system level simulations.
Proposal 2: The percentage of satisfied users is calculated across multiple drops of simulations.
Channel estimation 
In RAN1#103-e [1], the following agreement was achieved. There is an FFS on whether ideal channel estimation is optional or not.
	Agreement:
Adopt the simulation assumptions in table 1 as below
 
Table 1: Simulation assumptions for XR evaluation (Part 1) (updated)
	Parameter
	Proposed value

	
	Indoor hotspot FR1/FR2
	Dense urban FR1/FR2

	Layout
	120m x 50m
ISD: 20m
TRP numbers: 12
	21cells with wraparound
ISD: 200m

	Carrier frequency
	FR1: 4 GHz
FR2: 30 GHz

	Subcarrier spacing
	FR1: 30 kHz
FR2: 120 kHz

	BS height
	3m
	25m

	UE height
	hUT=1.5 m

	BS noise figure
	FR1: 5 dB
FR2: 7 dB

	UE noise figure
	FR1: 9 dB
FR2: 13 dB

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic
FFS:Ideal(optional)

	UE speed
	3 km/h

	MCS
	Up to 256QAM

	BS antenna pattern
	Ceiling-mount antenna radiation pattern, 5 dBi
	3-sector antenna radiation pattern, 8 dBi

	UE antenna pattern
	FR1: Omni-directional, 0 dBi,
FR2: UE antenna radiation pattern model 1, 5dBi


 


In the system level simulation, ideal channel estimation is a typical configuration because it is simpler and easier to implement compared with realistic channel estimation. The results under ideal channel estimation are informative since they eliminate the impacts of different channel estimation algorithms. Thus, ideal channel estimation should also be supported for the system level simulation.
Proposal 3: Ideal channel estimation is supported for the system level simulation.
TDD configuration
In RAN1#103-e [1], the following agreement on TDD configuration was achieved. There is an FFS on how to define S slot format.
	Agreement:
Adopt the following TDD configuration for XR/CG evaluation
· FR1:
· Option 1: DDDSU
· Option 2: DDDUU
· FR2:
· Option 1: DDDSU
FFS detailed S slot format
Note: Other TDD configuration or FDD can be optionally evaluated.


In the system level simulation, it is simpler and easier to implement the S slot format as all D slot or all U slot. Considering the high workload in RAN1 system evaluation, implementing the S slot format as all D slot or all U slot can be the starting point. Whether an S slot is an all D slot or an all U slot depends on the downlink and uplink traffic load. It can be determined after the traffic models of different applications are stable.
Proposal 4: For TDD configuration, the S slot is all D slot or all U slot, and this can be determined after the traffic models of different applications are stable. 
Downtilt
In RAN1#103-e [1], the following agreement on downtilt was achieved. There is an FFS on downtilt for Dense Urban scenario.
	Agreement:
For XR/CG evaluation, adopt the following assumptions for downtilt
· Dense Urban
· FFS: 6 or 12 degree
· Other downtilt can be optionally evaluated.
· Indoor hotspot
· 90° (pointing to the ground)
Other downtilt can be optionally evaluated


According to TR 38.901 Table 7.8-1 (copied below, red part), the typical downtilt for UMa and UMi channel is 12 degree (i.e., 102-90 degree). Since RAN1#103-e already agreed that the channel model refers to TR 38.901, it is straightforward that downtilt also refers to TR 38.901 for alignment. Thus, 12 degree downtilt is supported.
Proposal 5: Support 12 degree downtilt for FR1 Dense Urban Scenario.

	(copied from TR 38.901)
…
Table 7.8-1: Simulation assumptions for large scale calibration
	Parameter
	Values

	Scenarios 
	UMa, UMi-Street Canyon, Indoor-office (open office)

	Sectorization
	3 sectors per cell site: 30, 150 and 270 degrees
[image: cid:image004.png@01D19614.C45E6D10]

	BS antenna configurations
	Mg = Ng = 1; (M,N,P) = (10, 1, 1), dV = 0.5λ 

	BS port mapping
	The 10 elements are mapped to a single CRS port

	BS antenna electrical downtilting
	102 degrees for UMa and UMi Street Canyon
110 degrees for indoor


…


BS antenna parameters
In RAN1#103-e [1], the following agreement on BS antenna parameters was achieved. There is an FFS on the BS antenna parameters for FR1.
	Agreement:
For outdoor scenarios, the baseline BS antenna parameters are as follows.
· FFS FR1, 
· Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
· Option 2: 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2)
· Option 3: 32TxRUs (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1,4,4)
(dH, dV) = (0.5λ, 0.85λ)
· FR2:
· 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
(dH, dV) = (0.5λ, 0.5λ)
Other configurations can be optionally evaluated.


For FR1 BS antenna setting, 64 TxRU is a typical configuration in NR outdoor scenario. So Option1 is supported.
Proposal 6: Regarding BS antenna parameters, support Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8) for FR1 outdoor scenario.
KPI and evaluation methodology for capacity
As mentioned in the SID, capacity is an important factor for XR. In RAN1#103-e meeting, capacity for XR was discussed and the following agreements were reached.
	Agreement:
System capacity is defined as the maximum number of users per cell with at least X % of UEs being satisfied.
· X=90 (baseline) or 95 (optional)
· Other values of X can also be evaluated optionally
Note: The exact ‘satisfied’ requirements will be discussed separately
FFS: how to calculate the percentage of satisfied users across multiple drops of simulations
 
Agreement:
The following aspects are to be discussed after traffic model is stable.
· For the system capacity definition, how to determine whether a UE is satisfied or not is to be deferred until the exact traffic model along with how to measure E2E user experience is available.  Additional metrics to be collected will be further discussed after traffic model is stable.
· Various options for traffic arrival offset among UEs per cell were proposed by companies, e.g., even offset, random offset, no offset. It will be discussed after traffic model is determined.


KPI
Definition of XQI 
Depending on the traffic requirements, different services may have different KPIs. For example, eMBB services usually focus on peak data rate, throughput, etc. URLLC services, such as factory automation, transport industry and electrical power distribution, have a clear requirement on reliability and latency [4]. For XR and CG services, the end-to-end user experience is essential to reflect XR and CG performance. However, existing KPIs, such as throughput, reliability, and latency, cannot directly reflect the user experience in XR and CG services. Therefore, existing KPIs in RAN1 may not be applicable to XR and CG services. As described in the above agreement, the E2E user experience should be considered when determining the KPI for XR and CG services.
[bookmark: _Ref53568289]Observation 1: Existing KPIs in RAN1, such as throughput, reliability, and latency, cannot directly reflect the user experience in XR and CG services, and thus are not applicable to be KPIs.
[bookmark: OLE_LINK97]Generally, as shown in Figure 3, the E2E user experience in XR and CG service are influenced by three parts: XR and CG source part, network transmission part, and XR and CG terminal part. For example, people may have different user experiences of video sources with different resolutions, such as 1080p or 4K. Given the same video source, different network transmission quality may cause different packet loss and delay, and finally impact user experience. In addition, different devices may have different display qualities and will also impact user experience.
Theoretically, all these three parts need to be considered when evaluating the XR and CG performance. However, this might be too complicated in practice, and also not helpful to gain insight of each part. From the perspective of the RAN domain, it is proposed to focus on the network transmission part. Therefore, it is desired to identify a KPI that can reflect the impact of network transmission on user experience in XR and CG services. For convenience, such a desired KPI is called XR Quality Index (XQI) in this contribution.
[image: ]
[bookmark: _Ref53567593]Figure 3. Three parts related to XR service quality
As discussed above, XQI should reflect the impact of network transmission. Specifically, XQI should be calculated with the information available within the RAN, such as packet loss information, packet delay information, etc. The main benefits of using XQI as a KPI for XR and CG services are as follows: 
· First, network transmission impact on user experience can be evaluated through XQI. 
· Second, based on the relationship between XQI and RAN available information, we can identify the dominant factors that impact user experience, and thus gain more insight into optimizing network transmission. 
· Third, measureable performance of XR/CG in operators’ networks can be obtained and used for network planning and optimization.
[bookmark: _Ref53568327][bookmark: _Ref53741715]Proposal 7: RAN1 needs to identify a KPI that can reflect the user experience in XR and CG services
· The identified KPI can reflect the impact of network transmission on the user experience.
· The identified KPI can be calculated with RAN available information.
Discussion on SA4 outcomes 
SA4 will probably send an LS to RAN1 in S4aV200633 [5]. According to the LS and the attachments in the LS [6] [7], SA4 provides P-Trace to RAN1 for performance evaluation, which is shown in Figure 4. P-Trace/S-Trace/V-Trace is in the form of a csv file, in which the information of a sequence of packets/slices/frames is provided. Given a video source, V-trace can be generated. And under a specific content encoding/delivery configuration, S-trace/P-Trace can be further generated from a V-Trace. SA4 expects RAN1 to provide the P’-trace after RAN simulation, and SA4 will further evaluate the video quality by recovering the S’-trace/V’-trace.
[image: ]
Figure 4. Figure 1 in S4aV200632 [6]: Basic overview for XR Traffic Simulation Model 

The details of P-trace are explained in the S4aV200631 [7] (attachment in SA4’s LS to RAN1), and also copied in Table 1 below for reference. Based on the information of P-Trace provided by SA4 (especially the red parts in Table 1), the importance of each packet and the mapping relationship between packet and slice or frame can be available in RAN1 from RAN1 evaluation perspective. The packet importance refers to the importance of the slices and the frames which the packet belongs to. Different importance of the slices and the frames have different impact on the user experience. Therefore, in RAN1 performance evaluation, even with the same packet error rate, the error of different packets may result in different user experience since they may belong to different slices or frames which have different importance. Therefore, if some XR/CG source related information, e.g. the mapping between packet and slices or frames and the packet importance, can be available within RAN and is considered in the KPI, the KPI can reflect the impact of network transmission on user experience more accurately. 
Observation 2: Based on the P-trace provided by SA4, some XR/CG source related information, e.g. the mapping between packet and slices or frames and the packet importance, can be available within RAN from RAN1 evaluation perspective. If such XR/CG source related information is considered in the KPI, the KPI can reflect the impact of network transmission on user experience more accurately.
Proposal 8: The identified KPI can be calculated with RAN available information, such as packet loss information, packet delay information, and some XR/CG source related information if they can be available within RAN.

Table 1 P-Trace format table in S4aV200631 [7]: P-Trace format
	(copied from S4aV200631 (attachment in SA4’s LS to RAN1))
…
3.3.4 P-Trace
For each packet in the delivery, the following information is provided.
	Name
	Type
	Semantics

	number
	BIGINT
	Unique packet number in the delivery

	time_stamp_in_micro_s
	BIGINT
	Availability time of packet for next processing step relative to start time 0 in microseconds (0 means lost).

	size
	BIGINT
	packet size in bytes.

	user_id
	BIGINT
	assigns an id to the user in order to differentiate

	buffer
	BIGINT
	The associated eye buffer 1=left 2=right
In general, differentiates application traffic for different buffers, for example audio, video, left eye, right eye. For example mapped to port or track.

	delay
	BIGINT
	Delay observed of the packet in the last processing step (-1 means lost)

	render_timing
	BIGINT
	the rendering generation timing associated to the media included in the packet.

	number_in_unit
	BIGINT
	The number of the packet within the unit (slice), start at 1

	last_in_unit
	BIGINT
	Indicates if this is the last packet in the slice/unit 0=no, 1=yes 

	type
	BIGINT
	The data type of the unit 
0 unknown
For video 1=intra 2=inter

	importance
	BIGINT
	assigned relative importance information (higher number means higher importance)

	index
	BIGINT
	Unique index increased by 1 and indexing this row in the S-Trace file.

	s_trace
	STRING
	Reference to s_trace file containing information for each slice


…


Example of XQI calculation
In this section, we give an example of XQI calculation. It is assumed that the RAN available information are packet loss information, packet delay information, some XR/CG source related information, e.g. the mapping between packet and slices or frames and the packet importance. XQI calculation procedure is as follows:
· Step 1: After RAN system level evaluation, according to RAN available information, obtain the information of the packets (e.g. success or failure of the packets, delay of the packets), further obtain the information of the slices or frames (success or failure of the slices or frames, delay of the slices or frames, importance of the slices or frames).
· Step 2: Reconstruct the degraded video based on all obtained slices or frames, and calculate the scores of the degraded video according to some existing video quality evaluation method
· Step 3: XQI function can be obtained by function fitting based on RAN available information and corresponding scores calculated in step2. 
Evaluation methodology for Power Consumption
[bookmark: OLE_LINK77][bookmark: OLE_LINK79]In RAN1#103-e meeting, UE power consumption for XR was discussed and the following agreements were reached. In this section, we further provide some discussions on evaluation methodologies for power consumption.
	Agreement:
Baseline power evaluation methodology
TR38.840 is the baseline methodology potentially with some modifications if necessary.  RAN1 aim to minimize modeling effort. 
 
Agreement:
· RAN1 continues to discuss evaluation methodologies for UE power consumption and system capacity.
· RAN1 is to discuss whether/how to study/evaluate mobility and coverage at a later stage, e.g., starting from Q1 2021.


Methodologies for power consumption
In Rel-16, some evaluation methodologies for UE power saving have been discussed and provided in TR 38.840. It can be foreseen that some latency increment and user throughput loss may be introduced when any power saving technique is applied. Hence, in the study of Rel-16/17 UE power saving, the impact of latency and user throughput are also evaluated in addition to power saving gains for any power saving techniques. XR has the characteristic of high throughput and low latency, and the user experience is critical for XR applications. Hence, for the evaluations of UE power consumption for XR, we propose that impact on user experience is considered in addition to power saving gains.
Proposal 9: For the evaluations of UE power consumption for XR, the impact on user experience is considered in addition to power saving gains.
According to our companion paper [8], periodical traffic is assumed for XR/CG applications, e.g., the periodicity is 16.67ms@60fps. The jitter may be further modelled. It is proposed that the baseline power consumption is evaluated assuming the UE is “always on”, i.e., the UE is always available for scheduling, without C-DRX and any other power saving techniques. For any potential power saving techniques, the power saving gains can be compared with the baseline. C-DRX mechanism is considered as a basic technique to save UE power consumption, so when we study the power saving for XR, C-DRX mechanism can be considered firstly. 
Proposal 10: For power consumption evaluation of XR, “always on” (i.e., without C-DRX) is adopted as the baseline. 
Proposal 11: When evaluating power saving techniques, C-DRX mechanism can be considered. 
In RAN1#103-e meeting, there were some discussions on whether or not “genie” UE power consumption is needed. For genie-aided power saving technique, the UE is assumed to be in a sleep state in all the slots without scheduling and switch to “awake” state in the slots where there is data transmission. Genie-aided power saving technique is an ideal scenario and cannot be implemented in practice because the UE cannot accurately predict which slots the data are scheduled by gNB. In the study of Rel-16/17 UE power saving, “genie” UE power consumption was not discussed either. It is not clear how to use the “genie” UE power consumption. So far, no necessity is seen to evaluate “genie” UE power consumption, while it increases the simulation workload.
Proposal 12: Genie-aided power saving technique is not considered when evaluating the UE power consumption.
Considerations on power models
Power model is important when evaluating the power consumptions. Many power models for different power states are discussed and listed in TR 38.840, e.g., PDCCH-only, PDCCH+PDSCH, SSB or CSI-RS processing, different sleep state and some UL activities. In TR 38.840, the power scaling rules are also provided such as the adaptation of BWP bandwidth, the number of carrier, the number of Tx/Rx antenna, etc. In our view, these power models and power scaling schemes can be reused to the evaluations for XR. In last meeting, some companies think more power models should be considered for XR. In principle, the power model should avoid too much complexity. We provide some views on the following issues:
· Power model for UL slots: The power model for long PUCCH, short PUCCH, PUSCH and SRS has been provided in TR 38.840. For the UL slots that are not defined in TR 38.840, it is preferred not to model them separately if the power consumption difference is small.
· Power model for “S” slot: As discussed in Section 3.3, we propose to consider the S slot as all D slot or all U slot, and this can be determined after the traffic models of different applications are stable. So there is no need to develop additional power consumption model for S slot.

Conclusions
In this contribution, XR related deployment scenarios, simulation parameters and assumptions and evaluation methodologies are discussed with the following observations and proposals:
Proposal 1: For XR and CG performance evaluation, Dense Urban and Urban Macro scenarios with FR1 are prioritized.
Proposal 2: The percentage of satisfied users is calculated across multiple drops of simulations.
Proposal 3: Ideal channel estimation is supported for the system level simulation.
Proposal 4: For TDD configuration, the S slot is all D slot or all U slot, and this can be determined after the traffic models of different applications are stable. 
Proposal 5: Support 12 degree downtilt for FR1 Dense Urban Scenario.
Proposal 6: Regarding BS antenna parameters, support Option 1: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8) for FR1 outdoor scenario.
Proposal 7: RAN1 needs to identify a KPI that can reflect the user experience in XR and CG services
· The identified KPI can reflect the impact of network transmission on the user experience.
· The identified KPI can be calculated with RAN available information.
Proposal 8: The identified KPI can be calculated with RAN available information, such as packet loss information, packet delay information, and some XR/CG source related information if they can be available within RAN.
Proposal 9: For the evaluations of UE power consumption for XR, the impact on user experience is considered in addition to power saving gains.
Proposal 10: For power consumption evaluation of XR, “always on” (i.e., without C-DRX) is adopted as the baseline. 
Proposal 11: When evaluating power saving techniques, C-DRX mechanism can be considered. 
Proposal 12: Genie-aided power saving technique is not considered when evaluating the UE power consumption.

Observation 1: Existing KPIs in RAN1, such as throughput, reliability, and latency, cannot directly reflect the user experience in XR and CG services, and thus are not applicable to be KPIs.
Observation 2: Based on the P-trace provided by SA4, some XR/CG source related information, e.g. the mapping between packet and slices or frames and the packet importance, can be available within RAN from RAN1 evaluation perspective. If such XR/CG source related information is considered in the KPI, the KPI can reflect the impact of network transmission on user experience more accurately.
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