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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104-e [1], some agreements on evaluation methodology for XR and Cloud Gaming have been made. RAN1 will continue to discuss the remaining issues on evaluation methodology for XR and Cloud Gaming and strive to conclude on the detailed parameters. 
In this contribution, we provide our views on evaluation methodology for XR and Cloud Gaming. 
Deployment scenarios
In RAN1#103-e [2], the following agreements on deployment scenarios 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, Urban Macro and Dense Urban deployment scenarios with FR1 should be prioritized for performance evaluation. In addition, for VR application, indoor deployment scenario can also be considered.
[bookmark: _Ref52269130][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK67]Proposal 1: For XR and CG performance evaluation, the following combinations are prioritized for FR1.
- VR: dense urban, indoor
- AR/CG: urban macro, dense urban

Simulation parameters and assumptions
In RAN1#104-e, the following agreement on XR/CG capacity evaluation, for DL and UL were achieved. There is an FFS on the details of both the baseline and the optional evaluations.
	Agreements: At least for XR/CG capacity evaluation, for DL and UL 
· Baseline: DL and UL performances are evaluated independently
· Optional: DL and UL performance are evaluated together 
· FFS details both the baseline and the optional evaluations


For the capacity evaluation of DL and UL, some companies mentioned to simulate DL and UL together. However, this is complicated. Considering the complexity of joint simulation and progress of SI, the results of DL and UL under separate simulations can be used to approximate the results of joint simulation as follows:
· Step1: Model the traffic for DL and UL separately.
· Step2: Run the system level simulation of DL and UL separately but under the same drop and same simulation settings, so that the UEs’ locations are the same in the DL and UL simulation.
· Step3: Obtain statistics of each UE (e.g., packet success rate) for DL and UL simulation separately.
· Step4: Since each UE will have the statistics of both DL and UL, this can be used to approximate the joint simulation result.

KPI and evaluation methodology for capacity
For per UE KPI, in RAN1#103-e, it was agreed that the end-to-end (E2E) user experience should be considered when determine whether a UE is satisfied or not. In RAN1#104-e, some agreements of baseline per UE KPI, i.e., packet success rate (PSR) and air interface packet delay budget (PDB) have been achieved. 
The baseline per UE KPI has the benefits of simplicity. However, the physical meaning of (PSR, PDB) and their impact on user experience is still unclear. In addition, evaluating a single combination of (PSR, PDB) cannot reflect different user experience levels, and evaluating too many combinations of (PSR, PDB) may cause too much workload and make companies results not comparable. In this section, we provide our views on these issues.
User experience for XR and CG
Depending on the traffic requirements, different services may have different KPIs. For example, eMBB services usually focus on peak data rate, throughput, etc., and 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.
[bookmark: OLE_LINK97]Generally, as shown in Figure 1, 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 1. Three parts related to XR service quality
As discussed above, XQI should reflect the impact of network transmission. 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.
Proposal 2: XR Quality Index (XQI) is defined to reflect the impact of network transmission on user experience in XR and CG services.
Based on the definition of XQI, it can be calculated with RAN available information, such as packet loss information, packet delay information, and some XR/CG source information if they can be available within RAN. A relatively accurate method is to calculate the XQI based on the RAN available information by using a formula to fit subjective user experience. A comprehensive method may require further study in RAN1 and other working groups. For the progress of the SI, in this meeting, we propose a simplified version of XQI in conjunction with the baseline per UE KPI (i.e., (PSR, PDB)), which can well solve the potential issues of the baseline per UE KPI and make the SI’s outcome more informative. 
In addition, the comprehensive method can be further studied in the follow-up meetings since it is more accurate to reflect the impact of network transmission on user experience.
Discussion on baseline per UE KPI
[bookmark: OLE_LINK104][bookmark: OLE_LINK105]In RAN1#103-e, the following agreements on system capacity for XR and CG were reached. According to the following agreements, the end-to-end (E2E) user experience should be considered when determining whether a UE is satisfied or not.
	 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.


[bookmark: OLE_LINK106]In RAN1#104-e, the following agreements of baseline per UE KPI on capacity were achieved, where the packet success rate (PSR) and the air interface PDB are joint used to determine whether a UE is satisfied or not.
	· Per UE KPI 
· Baseline: A UE is declared a satisfied UE if more than X (%) of packets are successfully transmitted within a given air interface PDB. 
· The exact value of X is FFS, e.g., 99, 95 
· FFS different values for I-frame and P-frame if evaluation of them is agreed. 
· Other values can be optionally evaluated
· Air interface PDB for DL video stream 
· VR/AR: 
· 10ms 
· Other values, e.g., 5ms, 20 ms can be optionally evaluated. 
· CG: 
· 15ms
· Other values, e.g., 10ms, 30ms can be optionally evaluated. 
· FFS whether or not to have more than one mandatory value



Potential issues of baseline per UE KPI
The baseline per UE KPI has the benefits of simplicity. However, the physical meaning of (PSR, PDB) and their impact on user experience is still unclear. 
Based on the analysis in TR 26.929 [5], different network transmission conditions may result in different quality of experience for XR service, e.g. different immersive experience levels. So in real XR/CG applications, there could be multiple user experience levels, depending on the network transmission quality, etc. Therefore, evaluating a single combination of (PSR, PDB) is not enough since RAN1 does not clearly know its physical meaning and the user experience level it corresponds to. This is also reflected in the FFS whether or not to have more than one mandatory value. In summary, RAN1 needs to evaluate multiple combinations of (PSR, PDB) to reflect multiple user experience levels so that the SI’s outcome is close to real applications and more informative.
Observation 1: In real XR/CG applications, there could be multiple user experience levels, depending on the network transmission quality, etc. Therefore, evaluating a single combination of (PSR, PDB) is not enough since RAN1 does not clearly know its physical meaning and the user experience level it corresponds to.
Proposal 3: RAN1 evaluates multiple combinations of (PSR, PDB) to reflect multiple user experience levels, so that the SI’s outcome is close to real applications and more informative.
On the other hand, if there is no principle/guideline on choosing (PSR, PDB) values, there could be too many combinations. For example, companies may choose PSR=99, 98, 97, 96, etc, and PDB=7ms, 8ms, 9ms, 10ms, etc, which results in more than 4*4=16 combinations. Furthermore, the following issues need to be considered:
· Too many combinations will result in large simulation workload.
· If companies choose quite different values to evaluate, their results are not comparable.
· The physical meaning and user experience level of each (PSR, PDB) combination is still unclear. 
The intention of evaluating multiple combinations of (PSR, PDB) is to reflect multiple user experience levels. So it is straightforward that RAN1 can discuss and agree on multiple typical combinations of (PSR, PDB), wherein each combination represents one user experience level. RAN1 can first evaluate such combinations and avoid the issues above.
Observation 2: If there is no principle/guideline on choosing (PSR, PDB) values, there could be too many combinations and face the following issues:
· Too many combinations will result in large simulation workload
· If companies choose quite different values to evaluate, their results are not comparable
· The physical meaning and user experience level of each (PSR, PDB) combination is still unclear

Proposal 4: RAN1 discusses and agrees on multiple typical combinations of (PSR, PDB), wherein each combination represents one user experience level. Such combinations of (PSR, PDB) are prioritized in RAN1 evaluations.
[bookmark: _Ref53568327][bookmark: _Ref53741715]Definition of XR Quality Index (XQI) table
As analysed in Section 4.2.1, it is proposed that RAN1 discusses and agrees on multiple typical combinations of (PSR, PDB), wherein each combination represents one user experience level. So one question is how many user experience levels are needed for XR and what’s the corresponding “subjective feeling” of each level. In this sub-section, we first introduce ITU mean opinion score (MOS) method as an example, and then propose that XR can use similar idea.
The quality of voice and video are strongly related to user experience. According to the study in ITU [6]: “the quality of voice and video are inherently subjective quantities. … However, one person's opinion of what is 'good' may be quite different to another person's opinion – neither person is correct, neither person is incorrect”. So, the mean opinion score (MOS) is proposed to evaluate the quality of voice and video as a subjective evaluation method. MOS is simply the average of the opinions ("votes") collected for the specific use case. 
Based on the descriptions in ITU [6], MOS is usually produced by subjective experiments. In a subjective experiment, multiple people (“subjects”) are asked to listen to and/or watch the test material and provide their opinions using the rating scale provided. The purpose of the rating scale is to translate a subject's quality assessment into a numerical value that can be averaged across subjects and other experimental factors. There are several rating scales and a 5-point absolute category rating (ACR) scale is used to reflect different levels of the user experience as provided in Table 1.
Table 1. Different user experience levels of video and audio in ITU MOS
	Absolute category rating scale value
	Description

	5
	Excellent

	4
	Good

	3
	Fair

	2
	Poor

	1
	Bad



Since the quality of XR/CG is also related to user experience, it is proposed that similar ideas can adopted for XR. Therefore, for XR/CG, 5 levels of user experience can also be considered.
However, simply reusing the “Absolute category rating scale value” maybe not suitable for XR/CG. Because “Absolute category rating scale value” in ITU study [6] refers to the subject's quality assessment, which reflects the application layer end-to-end user experience. In this SI, we mainly focus on the impact of network transmission on user experience, which is called XR Quality Index (XQI) in section 4.1.
In summary, an XQI table is given in Table 2, where we assume XQI takes values from 1 to 5, corresponding to a 100-point scale values from 20 to 100. Different XQI values reflect different user experience levels by considering different network transmission quality, which is characterized by the last column (i.e., PSR and PDB). The higher the XQI value, the better the network transmission quality and thus resulting in better user experience. The detailed values of packet success rate and PDB of each level will be discussed in the next sub-section.
Table 2. XQI table for XR/CG
	XR Quality Index (XQI) 
	Description
	(Packet success rate X%, PDB (ms))

	5
	Excellent
	(X1, T1) 

	4
	Good
	(X2, T2)

	3
	Fair
	(X3, T3)

	2
	Poor
	(X4, T4)

	1
	Bad
	(X5, T5)



Proposal 5: RAN1 agrees on the following table for evaluating multiple combinations of (PSR, PDB):
· The detailed values of packet success rate and PDB of each level will be separately discussed 
	XR Quality Index (XQI) 
	Description
	(Packet success rate X%, PDB (ms))

	5
	Excellent
	(X1, T1) 

	4
	Good
	(X2, T2)

	3
	Fair
	(X3, T3)

	2
	Poor
	(X4, T4)

	1
	Bad
	(X5, T5)



XQI table for VR/AR DL video
VR and AR may share similar traffic requirement, which is tighter than CG. In this section, we analyse and give the detailed values of packet success rate and PDB for VR/AR in the XQI table. The values for CG will be given in next sub-section.
For XR/CG service, higher packet success rate X% will result in better user experience since there will be fewer broken pictures. According to SA4 study in TR 26.928 section 4.2.2 [7], “the age of the content and user interaction delay are of the uttermost importance for immersive and non-immersive interactive experiences, i.e. experiences for which the user interaction with the scene impacts the content of scene (such as online gaming)”. Based on the definition of the age of the content, the air interface PDB directly impacts the maximum value of the age of the content and therefore highly impacts the interactive experiences. In summary, higher packet success rate X% and smaller PDB lead to better user experience.
Observation 3: Higher packet success rate X% and smaller PDB lead to better user experience.
As discussed in our companion paper on traffic model [8], in addition to the single stream model, multi-stream model should also be considered, where both I-stream and P-stream are modelled.
The proposed values for (PSR, PDB) for both the single-stream model and multi-stream model are summarized in Table 3 with the following justifications:
· For single-stream model
· As agreed in RAN1#104-e, the baseline PDB value for VR/AR is 10ms. So PDB 10 ms is taken as the PDB value for XQI value 4. We propose that RAN1 further evaluate a more challenging PDB value (i.e., 7ms) and less challenging PDB value (i.e., 13ms) to reflect different network transmission quality. The X values are proposed based on majority views in RAN1#104-e’s discussion.
· XQI value 1 and XQI value 2 represent bad or poor user experience. So the (PSR, PDB) values here are mainly for illustration purpose, RAN1 can down-prioritize the evaluations of these cases.
· For multi-stream model
· As discussed in our companion paper on traffic model [8], I-frame is encoded without any reference to other frames. While P-frame is inter-coded with reference to other frames, e.g. I-frame. It is commonly known that I-frame is more important than P-frame.
· To reflect such difference of importance, we propose that the PSR of I-stream is 0.5% higher than that of single-stream, and the PSR of P-stream is 5% lower than that of single-stream.
· For simplicity, we assume the PDB of I/P-stream is the same as single-stream.

Proposal 6: For VR/AR DL video, RAN1 agrees on the following Table 3 for evaluating multiple combinations of (PSR, PDB);
Table 3. XQI table for VR/AR DL video
	XR Quality Index (XQI)
	Description
	
(Packet success rate X%, PDB (ms))

	
	
	Single-stream
	Multi-stream
{I-stream, P-stream}

	5
	Excellent
	(99, 7)
	{ (99.5, 7), (95, 7) }

	4
	Good
	(99, 10)
	{ (99.5, 10), (95, 10) }

	3
	Fair
	(95, 13)
	{ (95.5, 13), (90, 13) }

	2
	Poor
	(95, 20)
	{ (95.5, 20), (90, 20) }

	
1
	Bad
	(X <95, or PDB>20)
	{ (X <95.5, or PDB>20),
or (X <90, or PDB>20) }


XQI table for CG DL video
The PDB requirement of CG is looser than that of VR/AR. In RAN1#104-e, the baseline PDB value for VR/AR and CG is 10ms, 15ms, respectively. Based on this, for CG, the proposed values for (PSR, PDB) for both the single-stream model and multi-stream model are summarized in Table 4. The only difference between CG and AR/VR is that the PDB requirement of CG is relaxed with 5ms.
Proposal 7: For CG DL video, RAN1 agrees on the following Table 5 for evaluating multiple combinations of (PSR, PDB):
Table 4. XQI table for CG DL video
	XR Quality Index (XQI)
	Description
	
(Packet success rate X%, PDB (ms))

	
	
	Single-stream
	Multi-stream
{I-stream, P-stream}

	5
	Excellent
	(99, 12)
	{ (99.5, 12), (95, 12) }

	4
	Good
	(99, 15)
	{ (99.5, 15), (95, 15) }

	3
	Fair
	(95, 18)
	{ (95.5, 18), (90, 18) }

	2
	Poor
	(95, 25)
	{ (95.5, 25), (90, 25) }

	
1
	Bad
	(X <95, or PDB>25)
	{ (X <95.5, or PDB>25), or
(X <90, or PDB>25) }



Evaluation methodology for power consumption
[bookmark: OLE_LINK77][bookmark: OLE_LINK79]For the evaluations of power saving for XR traffic, it was agreed to assume UE is always “ON” as the baseline and whether C-DRX is used as baseline or optional is FFS in RAN1#104 meeting. 
	Agreements To facilitate further discussion on evaluation of power saving effect of different power saving schemes, the following references are defined.
· Case 1 (baseline): UE power consumption assuming UE is always ON, i.e., UE is always available for gNB scheduling.
· Case 2 (FFS optional or baseline): UE power consumption assuming Rel-15/16 CDRX configuration
· FFS CDRX configuration details
· Company can also optionally evaluate other cases, e.g.
· Genie: UE power consumption assuming that UE is in a sleep state (e.g., micro/light/deep sleep as defined in TR38.840) whenever there is neither DL data reception nor UL transmission. From the gNB scheduling perspective, UE is always available for scheduling, i.e., there is no difference from Baseline in gNB scheduling and corresponding UE Tx/Rx. 
· R15/16/17 power saving techniques for connected mode, e.g., BWP, PDCCH skipping, search space switching, etc.



For convenient comparison, only one baseline is preferred. Any potential power saving techniques including C-DRX can be optionally evaluated, and the power saving gains and the number of satisfied UEs can be compared with this single baseline. Having two baselines will make comparisons complicated and confusing.
Proposal 8: RAN1 only adopts one baseline. UE power consumption assuming Rel-15/16 CDRX configuration is optional.
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 should be considered firstly. In current specification, various parameters of C-DRX configurations are supported. It is preferred to achieve some common understanding on C-DRX parameters which are suitable for XR traffic. Considering the XR traffic, Table 6 provides some DRX configurations. To avoid large latency and bad user experience, DRX cycle should not be larger than the mean arrival time of packet. 10ms is the minimum value of long DRX cycle configuration supported by the current specification and it can be considered to evaluate for XR traffic. According to the agreements in RAN1#104 meeting, the periodicity of 16.67ms (i.e., 60fps) is considered as baseline. To achieve more power saving gains, larger DRX cycle can be considered. To be close to the periodicity of XR traffic, 16ms of long DRX cycle can also be considered even though the value is not supported in current specification. For the other parameters of DRX, e.g., onDuration Timer and Inactivity timer, the shorter the values, the more power saving gains. However, if the values of timer are too short, the packet cannot be transmitted completely in the duration of onDuration Timer and Inactivity timer of current cycle when a packet is arrived, since a packet would be divided into several TBs and transmitted in several slots. Considering the packet size of XR, the values of onDuration Timer and Inactivity timer in Table 5 can be considered.
Table 5 CDRX configurations (ms) for XR
	
	Long DRX cycle
	onDuration Timer
	Inactivity Timer

	CDRX configuration 1
	10
	5
	2

	CDRX configuration 2
	16
	5
	4



Conclusions
In this contribution, traffic models for XR and CG are discussed with the following observations and proposals:
Observation 1: In real XR/CG applications, there could be multiple user experience levels, depending on the network transmission quality, etc. Therefore, evaluating a single combination of (PSR, PDB) is not enough since RAN1 does not clearly know its physical meaning and the user experience level it corresponds to.
Observation 2: If there is no principle/guideline on choosing (PSR, PDB) values, there could be too many combinations and face the following issues:
· Too many combinations will result in large simulation workload
· If companies choose quite different values to evaluate, their results are not comparable
· The physical meaning and user experience level of each (PSR, PDB) combination is still unclear
Observation 3: Higher packet success rate X% and smaller PDB lead to better user experience.

Proposal 1: For XR and CG performance evaluation, the following combinations are prioritized for FR1.
- VR: dense urban, indoor
- AR/CG: urban macro, dense urban

Proposal 2: XR Quality Index (XQI) is defined to reflect the impact of network transmission on user experience in XR and CG services.
Proposal 3: RAN1 evaluates multiple combinations of (PSR, PDB) to reflect multiple user experience levels, so that the SI’s outcome is close to real applications and more informative.

Proposal 4: RAN1 discusses and agrees on multiple typical combinations of (PSR, PDB), wherein each combination represents one user experience level. Such combinations of (PSR, PDB) are prioritized in RAN1 evaluations.
Proposal 5: RAN1 agrees on the following table for evaluating multiple combinations of (PSR, PDB):
· The detailed values of packet success rate and PDB of each level will be separately discussed 
	XR Quality Index (XQI) 
	Description
	(Packet success rate X%, PDB (ms))

	5
	Excellent
	(X1, T1) 

	4
	Good
	(X2, T2)

	3
	Fair
	(X3, T3)

	2
	Poor
	(X4, T4)

	1
	Bad
	(X5, T5)



Proposal 6: For VR/AR DL video, RAN1 agrees on the following Table 3 for evaluating multiple combinations of (PSR, PDB);
[bookmark: _GoBack]Table 3. XQI table for VR/AR DL video
	XR Quality Index (XQI)
	Description
	
(Packet success rate X%, PDB (ms))

	
	
	Single-stream
	Multi-stream
{I-stream, P-stream}

	5
	Excellent
	(99, 7)
	{ (99.5, 7), (95, 7) }

	4
	Good
	(99, 10)
	{ (99.5, 10), (95, 10) }

	3
	Fair
	(95, 13)
	{ (95.5, 13), (90, 13) }

	2
	Poor
	(95, 20)
	{ (95.5, 20), (90, 20) }

	
1
	Bad
	(X <95, or PDB>20)
	{ (X <95.5, or PDB>20),
or (X <90, or PDB>20) }


Proposal 7: For CG DL video, RAN1 agrees on the following Table 5 for evaluating multiple combinations of (PSR, PDB):
Table 4. XQI table for CG DL video
	XR Quality Index (XQI)
	Description
	
(Packet success rate X%, PDB (ms))

	
	
	Single-stream
	Multi-stream
{I-stream, P-stream}

	5
	Excellent
	(99, 12)
	{ (99.5, 12), (95, 12) }

	4
	Good
	(99, 15)
	{ (99.5, 15), (95, 15) }

	3
	Fair
	(95, 18)
	{ (95.5, 18), (90, 18) }

	2
	Poor
	(95, 25)
	{ (95.5, 25), (90, 25) }

	
1
	Bad
	(X <95, or PDB>25)
	{ (X <95.5, or PDB>25), or
(X <90, or PDB>25) }



Proposal 8: RAN1 only adopts one baseline. UE power consumption assuming Rel-15/16 CDRX configuration is optional.
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