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1	Introduction
A new SI on XR evaluations for NR was approved at RAN#86 [1]. The objectives 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 

In this contribution, we provide our view on the open issues of the XR evaluation methodology. Since XR evaluations are intended mainly for simulation studies, it is important to develop appropriate methodology to reflect realistic XR user experience and RAN characteristics in a simple enough manner. 
2	Discussion
The evaluation methodology was discussed extensively during RAN1#104-e and RAN1#105-e, and many agreements were reached. One important thing to notice is that the amount of mandatory simulation cases is prohibitively large, especially since the parameters are defined independently.
2.1	Methodology for coverage evaluations
Coverage evaluations are also mentioned in the WID [1]. Coverage can be broadly categorized into basic coverage and service coverage. Basic coverage includes setting up a connection but does not have any relation to a particular service. Service coverage on the other hand takes the properties of a certain service into account. The coverage is then related to certain quality-of-experience characteristics of a service, for example 10Mbps DL data rate. 
Without coverage for a certain service, the operator cannot provide that service in a sufficiently large fraction of the service area, even if all the resources of the radio network are reserved for one user. In other words, coverage is the same as service availability. To improve (service) coverage, densification of the network is typically needed. Since densification is costly for the operator, understanding the coverage aspects of a certain services is crucial
Since the XR SI focus on a particular class of services, service coverage, or service availability, should be studied. The quality-of-experience criteria for the various types of services have been agreed during the discussion about capacity evaluations and can readily reused also for coverage evaluations.
[bookmark: _Toc79150370]Reuse the end-user satisfaction criteria agreed for the capacity evaluations also for the coverage evaluations.
Since coverage is defined as performance when there is no interference, much of the evaluation methodology derived for the capacity evaluations can be reused also for the coverage evaluations. The only difference is that performance is evaluated for low load, e.g., one user in the system. Thus, we propose
[bookmark: _Toc79150371]Coverage is defined as the probability that a user is satisfied when the number of users in the system is very low.
This means that we can essentially derive the XR service coverage from the system simulations for capacity.
After a lengthy discussion, the following was captured in the chair notes from RAN1#105-e:
[bookmark: _Hlk73612524]For companies to further study and if necessary, discuss in RAN1#106-e
(Coverage evaluation methodology) For XR/CG in DL or UL, coverage is defined to be the A-percentile point in CDF of Coupling gain for the “satisfied” UEs, with #UEs per cell = B, for a given XR application (AR/VR/CG) in a given deployment scenario (DU/InH/UMa)
· A = [5], other value can also be reported
· FFS: Value of B, e.g. B = 1, capacity, etc.
· Note: Coupling gain for coverage evaluation is defined as the ratio of received and transmitted power measured in dB, and includes antenna gains, path loss, shadowing, indoor- or body loss, etc. Example of coupling gain can refer to TR 37.910.
An alternate method could be to use the “traditional” method such as what is used in the CE study/work item.

With the understanding that coverage is performance when all radio resources are used by one user, using B=1 would seem appropriate:
[bookmark: _Toc79150372]Use B=1 and A=5 to evaluate coverage for the various XR services.
It should be noted that the agreed simulation scenarios are not so challenging from a coverage point of view. It may be desirable to also investigate performance in a less dense deployment. 
2.2	Methodology for mobility evaluations
As XR and Cloud Gaming see consumer adoption, the services are expected to be consumed by users on the move. Minimizing user experience degradation through mobility events is a key consideration in enabling mass adoption of such services. Evaluating and understanding the XR performance during mobility is thus vital.
Mobility can be categorized in intra-cell and inter-cell mobility. For intra-cell mobility, there is typically no need for any RRC reconfiguration, and there are no interrupts in the communication. Still, the movement has impact on the large-scale propagation properties, which may lead to reduced performance. For inter-cell mobility, the UE is reconfigured using RRCReconfigurationWithSync: a handover is performed. The handover makes it possible to transfer the connection from one physical transmission point (TRP) to another. During the handover, there is an interrupt: a period when no communication is performed. The interrupt is (at least) a few tens of ms. Directly after the handover, it may take some time before the communication is again running at full speed.
MBB services are relatively resilient to interrupts since such applications can buffer data. Interrupts have no or little impact on the quality of experience. 
Most probably, XR will be more sensitive to interrupts, since there is no possibility to maintain a playout buffer in the client, and the relatively strict latency bound will lead to that a late packet must be discarded. Even intra-cell mobility will lead to varying communication quality, so that occasional packets are lost. In other words, there are no users that have constantly good quality. Moreover, quality of experience may be degraded only when a small number of frames are lost. This would motivate that performance during mobility is evaluated:
Compared to MBB, XR applications will be more impaired by intra-cell and inter-cell mobility.
Performance during inter-cell mobility is rarely evaluated by simulations in 3GPP. There are several reasons for that:
· Mobility events are rare for realistic UE speeds and cell sizes, making it challenging to collect sufficient statistics, and to highlight the impact of the mobility events.
· There is no preferred KPI to compare the performance of handover algorithms: there are several KPIs, and they all have pros and cons.
· The channel models have traditionally not supported mobility. 
These issues remain for XR and solving them during the XR SI would seem unrealistic. 
Based on the above discussion, we propose to evaluate the current mobility procedures analytically. The properties of the currently specified mobility procedures are summarized, and their impact on XR services are highlighted. The XR services would be described using the agreed traffic models, as well as the criteria for user satisfaction:
[bookmark: _Toc79150373]Inter-cell mobility is evaluated analytically by describing the currently specified mobility procedures from an XR service point of view, relying on the agreed traffic models and user satisfaction criteria.
Focus should be on three issues:
· Interrupt: how many packets/frames are lost due to the interrupt?
· Functional limitations: are there any functionality that becomes unavailable during a handover? For example, can all SCells be maintained during the handover?
· Other quality degradations: Are there any other quality degradations resulting from the interrupt? For instance, are all relevant measurements available in the new cell directly after the reconfiguration?
An embryo to such an analytic evaluation can be found in [2].
4	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Reuse the end-user satisfaction criteria agreed for the capacity evaluations also for the coverage evaluations.
Proposal 2	Coverage is defined as the probability that a user is satisfied when the number of users in the system is very low.
Proposal 3	Use B=1 and A=5 to evaluate coverage for the various XR services.
Proposal 4	Inter-cell mobility is evaluated analytically by describing the currently specified mobility procedures from an XR service point of view, relying on the agreed traffic models and user satisfaction criteria.
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