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1. Introduction
[bookmark: _Hlk30969022]A study item of XR and could game (CG) evaluations for NR was approved in RAN#88e with the following objectives [1]:
	1. [bookmark: _Hlk30969040]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 


One of the key tasks is to identify the evaluation methodology, which is basis of XR/CG evaluations for NR. In RAN1#104bis-e meeting, some pertinent agreements were made as below [2]: 
	Agreement: 
Case 2, i.e. CDRX, is optionally evaluated for UE power consumption evaluation

Agreement:
For XR power consumption evaluation, CDRX parameters are reported by companies

Agreement:
For UL UE power consumption evaluation, the following is encouraged
· Linear interpolation method in linear scale for Tx power values other than 0 dBm and 23 dBm 
· Companies should indicate how they do linear interpolation method in linear scale considering step-wise linear average of UE power model
· FFS: Further clarifications on linear interpolation method in linear scale considering step-wise linear average of UE power model
· Other methods that can be used for evaluation: Consider only two Tx power values as defined in TR 38.840 
· Power number is given as A for X= [0, M]dBm and B for X =[M, 23]dBm, where A and B (defined in 38.840) correspond to power consumption numbers for a given uplink slot for 0dBm and 23dBm respectively. 
· M = [20]
· Other value(s) of M can be optionally evaluated

Agreement: 
For XR/CG capacity evaluation, when DL and UL performances are evaluated independently, the system capacity for DL capacity and UL capacity are reported respectively. 
· FFS whether/how to determine the joint capacity for DL and UL after companies have submitted evaluation results

Conclusion:
It is up to companies to choose either Option 1 (DDDSU) or Option 2 (DDDUU) for TDD configuration (as per previous agreements) and do the evaluation. 

Agreement:
It is up to each company to report the following performance metrics optionally
· Percentage of satisfied UEs
· CDF of packet error ratio 
· CDF of packet latency
· CDF of user-perceived throughput
· Resource utilization
Note: it does not mean all the optional performance metrics will be captured in the TR. How to use these optional reported metrics and whether to capture in the TR can be separate discussion after there are substantial evaluation results.

Agreement: 
For XR power evaluation (including baseline and power saving schemes), companies report both Option 1 and Option 2 results for evaluating the power saving gain.
· Option 1: all UEs are considered
· Option 2: satisfied UEs only are considered

Agreement: 
For XR/CG power consumption evaluation, for DL and UL,
· Option 1: DL and UL performances are evaluated independently. DL and UL power consumption results are collected separately.
· Option 3: DL and UL performances are evaluated together. DL and UL power consumption are counted to obtain the total power consumption
· Companies to report the assumptions for power consumption evaluation

Agreement: 
For XR UE power consumption evaluation
· The same number of UE per cell are used in baseline and power saving schemes, 
· Note: the number of satisfied UEs is reported in the power evaluations (already agreed in RAN1 #104-e).
· Max users/cell at which UE can meet the capacity KPI should be reported for baseline and for different UE PS techniques. 
· Results for other cases (e.g. power savings gain for lightly loaded case) can also be reported optionally.
· The system capacity for each case (e.g. a given number of UE per cell) for evaluating power saving schemes is reported in power evaluation

Conclusion: 
It is up to company to report either equal number of UEs per cell or unequal number of UEs per cell is assumed for capacity evaluation. 
· Note: unequal number of UEs per cell means even average load per cell.

Agreement:
For XR/CG capacity evaluation, a packet is considered as lost when it has exceeded the PDB, such that it will be added to the PER and the data of the packet is discarded.
· It is up to company to report the details for the packet when it has exceeded the PDB, e.g.
· Option 1: The packet exceeding the delay is still delivered to the other side
· Option 2: The packet (including the non-transmitted part) is discarded at the transmitter (at the gNB for DL packets and at the UE for UL packets)
· Other options are not precluded
· Note: This is for the purpose of evaluation


In this contribution, we continue to discuss remaining issues of evaluation methodologies and provide our views and preferences on the corresponding issues. 
2. Discussion on evaluation assumption
There was lots of discussion on the dependency of DL and UL evaluation in the last two RAN1 meetings. Some companies preferred the joint evaluation of DL and UL traffic with the consideration that joint evaluation can better reflect the interaction of DL and UL traffics of the practical services. In contrast, most companies thought that it is sufficient to evaluate the performance with separate DL/UL simulation and joint simulation of DL and UL will cause additional complexity unnecessarily.  After lengthy discussion, it was agreed in RAN1#104e to use independent DL/UL evaluation as baseline for XR/CG capacity evaluation. The further discussion in RAN1#104bis-e make additional agreement, but still left an FFS part: FFS whether/how to determine the joint capacity for DL and UL after companies have submitted evaluation results. 
	Agreement: 
For XR/CG capacity evaluation, when DL and UL performances are evaluated independently, the system capacity for DL capacity and UL capacity are reported respectively. 
· FFS whether/how to determine the joint capacity for DL and UL after companies have submitted evaluation results


From our understanding, if DL and UL capacity performances are evaluated independently, it is difficult to get the exact joint capacity. Let’s assume N UEs of M Cells in one drop of the simulation
· For DL, there are K_dl unsatisfied UEs, where Set K consisting of all these K_dl UEs. 
· For UL, there are T_ul unsatisfied UEs, where Set T consisting of all these T_ul UEs.
Considering two extreme cases
· Case 1: Set K is a subset of Set T, or Set K is the same as Set T, or Set K is a supper set of Set T
· The number of the UE satisfied with both DL and UL is N - max (K_dl, T_ul) 
· Case 2: No overlapping between Set K and Set T
· The number of the UE satisfied with both DL and UL is N - K_dl - T_ul  
From the extreme case 1, we can get an upper bound of the joint capacity:

From the extreme case 2, we can get a lower bound of the joint capacity. However, this lower bound cannot be derived from the DL capacity and UL capacity directly.  It can be got from the following formula:

Where  is the maximal value such that when there are   users in all cells, X% users are satisfied for DL and Y% users are satisfied for UL where 
Based on the aforementioned discussion, we can see that it cannot get the exact value of the joint capacity if the DL and UL capacity evaluations are calculated independently. We can only get some information (e.g., upper bound, lower bound) of the joint capacity from the independent evaluation of DL and UL capacity. Moreover, it is difficult to determine how tight of the upper and lower bounds. Thus, we suggest the following proposal:
Proposal 1: For XR/CG capacity evaluation, when DL and UL performances are evaluated independently, no need to introduce the joint capacity

For TDD DL/UL configurations, RAN1 agreed two options for both FR1 and FR2. There is still a remaining issue such as:
· Further clarify that for option 2 for FR1/FR2, there is [2]-symbol gap at the end of third “D” slot of DDDUU

For Option 1, the special slot format is 10D:2F:2U, which uses two symbols as the guard period for the switching from DL to UL. Similarly, it is reasonable to use 2 symbols as the guard period for Option 2. Thus, we propose to confirm the clarification in the agreement by removing the brackets.
Proposal 2: Confirm the clarification: for option 2 for FR1/FR2, there is [2]-symbol gap at the end of third “D” slot of DDDUU.
In additional to capacity and power consumption, mobility and coverage are other aspects to be considered for user experience of XR/CG services. Low data rate at cell-edge will degrade the performance of XR/CG services. Such impacts can be observed in the capacity evaluations. Another aspect impacting the quality of XR/CG is the service interruption or latency due to the handover. However, that heavily depends on the mobility mechanism (e.g., normal Rel-15 mobility procedure, or DAPS procedures) and network implementation. Moreover, the evaluation work already has a huge load, e.g., evaluation of capacity, evaluation of power consumption. Thus, we have the following proposal 
Proposal 3: The evaluation on the impact of motility events on XR/CG is de-prioritized. Companies can evaluate it optionally and the detailed parameter setting is up to companies.  
For the coverage of XR/CG service, we don’t think it is necessary to do dedicated evaluation. If system-level simulation is used, the CDF curves of DL/UL capacity can provide useful information on the experience of XR/CG service at cell edges. If link-level simulation is used, more efforts will be needed for the link-level simulation assumption. Thus, we have the following proposal
Proposal 4: The evaluation on coverage of XR/CG is de-prioritized. Companies can evaluate it via link-level simulation optionally and the detailed parameter setting is up to companies.  
Regarding the typical deployment scenarios for XR/CG evaluation, there were intensive discussion in RAN1#103e and three scenarios were agreed for the following simulation, i.e., Indoor hotspot, Dense urban and Urban Macro. There are also different configurations, different applications and so on. Thus, there will be a huge number of simulation cases if we consider all the possible combinations of deployment scenarios, configuration and applications, which is going to lead to the exponential increase of simulation efforts. In order to reduce the workload of XR evaluation for NR and facilitate the comparison of simulation results from different companies, it is beneficial to limit the evaluation to some scenarios. Therefore, we suggest Urban Macro is optional for XR evaluation.
Proposal 5: For XR/CG evaluation for NR
· [bookmark: _GoBack] FR1:  Dense urban and indoor hotspot are prioritized 
· FR2:  Dense urban is prioritized
There were also some discussions on prioritize of AR/VR/CG during the last two RAN1 meeting. In fact, we can see there are lots of commonalities among the traffic modeling of CG/AR/VR. Some simulation results can be shared between different services. Thus, the motivation to prioritize some service is not very strong. On the other hand, fFrom the perspective of popularity of the services, we can observe that CG > AR > VR at current stage. Thus, we have the following proposal
Proposal 6: Prioritization of AR/VR/CG is not needed
·  If prioritization of AR/VR/CG is needed, AR/CG should be prioritized. 
 
3. Conclusions
In this contribution, we discussed open issues of evaluation methodologies and provided our preference on these issues. Then, we continue to discuss the KPIs for the evaluation. Based on discussion, we have made the following proposals.
Proposal 1: For XR/CG capacity evaluation, when DL and UL performances are evaluated independently, no need to introduce the joint capacity
Proposal 2: Confirm the clarification: for option 2 for FR1/FR2, there is [2]-symbol gap at the end of third “D” slot of DDDUU.
Proposal 3: The evaluation on the impact of motility events on XR/CG is de-prioritized. Companies can evaluate it optionally and the detailed parameter setting is up to companies.  
Proposal 4: The evaluation on coverage of XR/CG is de-prioritized. Companies can evaluate it via link-level simulation optionally and the detailed parameter setting is up to companies.  
Proposal 5: For XR/CG evaluation for NR
·  FR1:  Dense urban and indoor hotspot are prioritized 
· FR2:  Dense urban is prioritized
Proposal 6: Prioritization of AR/VR/CG is not needed
· If prioritization of AR/VR/CG is needed, AR/CG should be prioritized. 
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