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Introduction
In RAN1#103-e [1], it discussed the XR applications, traffic model and evaluation methodology. Amount of agreements are achieved based on discussion. While, it is still remained some FFS on simulation model, evaluation methodology, and key performance metric, including:
Part 1: about simulation assumptions
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.

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.
Agreement:
For XR/CG evaluation, adopt the following assumptions for downtilt 
·         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
 
Agreement:
System bandwidth for XR/CG evaluations are as follows.
· For FR1,
· Baseline: 100 MHz
· Optional: 20/40 MHz (FFS: 200 MHz)
· FFS FR2
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.
 
Agreement:
UE antenna parameters for XR/CG evaluations are as follows
· FR1:
· Baseline: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ
· Optional: 4T/4R, 1T/2R, 2T2R
· FFS FR2: down-selection between the next two options. Please indicate if you have preference.
· Option 1 (Follow Rel-17 evaluation methodology for FeMIMO in R1-2007151)
· (M, N, P)=(1, 4, 2), 3 panels (left, right, top)
· (Mp, Np) is up to company. Need to be reported with simulation result.
· Option 2 (from TR 38.802 – developed in Rel-14)
· 4Tx/4Rx: (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ, the polarization angles are 0° and 90°
Other FFS is whether or not ideal channel estimation is optional.

Part 2: about simulation performance metric and evaluation methodology
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:
· 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.

In this contribution, it discussed the remaining issues about simulation assumptions and evaluation methodologies. At last, our proposals are provided.
Simulation assumptions 
Based on RAN1#103-e, most simulation assumptions are agreed. The following remaining issues need to be further studied.
· FFS: whether to prioritize FR1 for evaluation.
For NR application, FR2 is one of typical and important application scenario. Both of FR1 and FR2 are needed to evaluate for XR/CG. At starting point, FR1 should be evaluated with high priority. Firstly, XR performance needs to be evaluated with baseline configuration for results comparison among companies’ results. FR2 could be evaluated later for additional information on XR performance due to more time consumption in simulation. 
Proposal 1: FR1 for XR evaluation could be considered as high prioritization, and FR2 could be optional.

· FFS: whether UMa is optional or not.
It is agreed that indoor hotspot and Dense Urban as two mandatory deployment scenarios for XR/CG evaluations. Both of them are typical scenarios for evaluation of spectrum efficiency, mobility, and user perceived throughput. macro is a typical scenario for evaluation mMTC and URLLC in ITU evaluation. The main difference is that the ISD and transmission power of UMa comparing to those of Dense Urban with 46dBm transmission power and 500m ISD. Taking evaluation workload and meeting timeline, indoor hotspot and Dense Urban is enough for initial evaluation. UMa could be as low prioritization and optional scenario for XR evaluation.
Proposal 2: UMa  for XR evaluation could be considered as low prioritization and optional.

· FFS: detailed S slot format
It could consider typical S slot format, 11D, 1G, 2U configuration as XR evaluation.
· FFS: 6 or 12degree
For Dense urban, the down tilt could consider mechanic tilt and electronic tilt. In general, mechanic tilt could be assumed as 90 degree in GCS. And electronic tilt is assumed as 105 degree for evaluation calibration in ITU self-evaluation. While, in fact, 100 degree, 102 degree, 105 degree and 108degree are used on results collections. So 102 degree in GCS, 12 degree in LCS could be considered for XR/CG evaluation.
Proposal 3: the S slot format could consider 11D+1G+2U configuration. The electronic downtilt could consider 12 degree for XR configuration.

· FFS for FR2 system bandwidth for XR/CG evaluations. 
· FFS for FR1 outdoor scenarios antenna parameters.
· FFS FR2: down-selection between the next two options. Please indicate if you have preference.
· Option 1 (Follow Rel-17 evaluation methodology for FeMIMO in R1-2007151)
· (M, N, P)=(1, 4, 2), 3 panels (left, right, top)
· (Mp, Np) is up to company. Need to be reported with simulation result.
· Option 2 (from TR 38.802 – developed in Rel-14)
· 4Tx/4Rx: (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ, the polarization angles are 0° and 90°

Considering system bandwidth in the simulation, 100MHz is as baseline and 20/40MHz could be as option. It is no need to evaluate more other system bandwidth in FR1. For FR2, 100MHz could also be as baseline. Other system bandwidth could also be as low priority.
For antenna parameters, Option 2: 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2), could provide spectrum efficiency up to 12bit/s/Hz/TRxP based on [TR 37.910], which could be as typical configuration for XR/CG evaluation.
About FR2 antenna configuration, option 2 with single panels and 4Tx/4Rx: (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ could be used as starting point for evaluation from simple point. 
Proposal 4: the system bandwidth, 100MHz could be as baseline for both FR1 and FR2, and others could be low priority. 
Proposal 5: For antenna parameters of outdoor scenario. Option2, 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2) could be considered as XR/CG evaluation at starting stage. 
Proposal 6: Option 2 for FR2 antenna configuration, 4Tx/4Rx: (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ, the polarization angles are 0° and 90° could be as baseline for XR evaluations.
 
· FFS is whether or not ideal channel estimation is optional
The channel estimation with realistic is baseline for XR evaluation, and ideal channel estimation could be considered as low prioritization and whether or not reported results are up to each companies.
Proposal 7: The realistic channel estimation is supported, ideal channel estimation could be as low prioritization and whether or not reporting results is up to each companies.

Evaluation methodology and KPI
XR use cases and characteristic parameters are discussed in [2]. The initial performance requirements of XR services, such as high throughput, low latency and high reliability, are defined. Typical XR uses cases and characteristic parameters are summarized in Table 1.
Table 1: Typical uses cases and requirements
	Service 
	Rate Range 
	PDB 
	RTT 
	PER 

	
	DL 
	UL 
	DL 
	UL 
	
	DL
	UL 

	Viewport dependent streaming 
	25 Mbps 
	More frequent HTTP requests every 100ms. 
	300ms 
	300ms 
	-- 
	10e-6 
	10e-6 

	Split Rendering: Viewport rendering with Time Warp in device 
	50 to 100 Mbps 
	Several hundreds of kbit/s 
	
10-20ms 
	
small not added to the overall target latency
(e.g. 4ms*) 
	50ms 
	10e-4* 
	10e-4* 

	XR Conversational 
	--
	--
	100 ms 
~150 ms 
	--
	--
	10e-2
~10e-3 
	--

	Cloud Gaming 
	100 Mbps 
	1Mbps 
	2.5ms 
	2.5ms 
	5ms 
	10e-4 
	10e-4 



From Table 1, we can see that high throughput requirements up to 100Mbps for split rendering and cloud gaming applications. The end-to-end Packet delay budget (PDB) is at range of 2.5ms for cloud gaming, and the corresponding RTT is at 5ms. For reliability, PER with high reliability at 10-6 are shown for XR streaming services. 

System capacity
Latency
The latency requirements for XR service defined in [2] are the end-to-end latency of application layer between XR client and XR server. For XR evaluation in RAN1, the latency requirement is the air interface latency. The delay budget at Uu link would be fraction of the end-to-end delay budget. 
· XR service end-to-end latency requirements are specified by SA for different type of services.
· Air interface latency is defined as latency of L2 PDU throughput Uu link.
End-to-End latency(UE APPDN APP)
MAC
MAC
Air interface latency

Figure 1: different latency definition for XR service
The end-to-end latency defined in SA [2] includes air interface latency, high layer processing latency, application layer buffering, core network latency, etc. The air interface latency for XR service evaluation is derived from end-to-end latency similar to those NR Uu delay requirements for eMBB and URLLC services. The air interface delay is defined as the fraction of delay budget of the latency requirements of XR services. Wherein, majority of delay budget and jitter will be allocated at the core network and application layer buffering. So, e.g., 20%~25% of end-to-end delay budget could be considered as allocation to Uu link.
Proposal 8: For XR service evaluation, the latency could be defined as the delay budget of Air interface is 20%~25% of end-to-end latency requirement.

Reliability
Packet error rate (PER) is the performance index of reliability for XR service. The PER definition is the end-to-end packet errors received at the application layer, which include multiple protocol layer of error controls, such as TCP, RLC, and MAC HARQ, which is challenged to be included for XR service evaluation due to modelling and algorithm complexity for multiple protocols. It is also difficult to calibrate these protocols considering the restriction of standard timeline. We propose evaluation of XR service reliability in RAN1 side and use target BLER of air interface after HARQ as performance metric of reliability as shown in Table 2. The PER of XR service reliability requirements are mapped to BLER of Uu interface in the XR evaluation with consideration of additional higher layer error control protocol.
Table 2: Reliability requirements for XR service
	Service 
	PER 
	BLER 

	
	DL
	UL 
	DL 
	UL 

	Viewport dependent streaming 
	10e-6 
	10e-6 
	10e-4 
	10e-4 

	Split Rendering: Viewport rendering with Time Warp in device 
	10e-4* 
	10e-4* 
	10e-2 
	10e-2 

	XR Conversational 
	10e-2
~10e-3 
	
	10e-2
~10e-3 
	

	Cloud Gaming 
	10e-4 
	10e-4 
	10e-2 
	10e-2 



Proposal 9: For XR service evaluation in RAN1, the reliability could be specified by mapping of end-to-end PER of XR service requirements to BLER in Uu interface.

Throughput
[bookmark: _Hlk54353350]The user perceived throughput (UPT) is an important performance index for the evaluation of XR service throughput, which is defined the ratio of the application layer packet size to the transmission of one packet. MAC PDU throughput could be considered and defined, especially for delay sensitive XR service. The method of mapping of MAC PDU throughput to UPT is the combined the BLER of MAC PDU and the latency of the packet delivery. For example, short term throughput, which is be defined as throughput of MAC PDU within delay budget, could be considered as the UPT of XR services.
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Figure 2: different latency definition for XR service
Proposal 10: For XR service evaluation, short term throughput, which is be defined as throughput of MAC PDU within delay budget, could be considered as the UPT of XR services.
System capacity
For system capacity, the cell capacity is defined as the number of UE supported which satisfies the XR services requirements. In RAN#103 e-meeting, the system capacity is agreed as follows

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

 system simulation would need to have multiple drops for each simulation to achieve statistic significance . In general, if there are N drops, and M samples per drop, where M_i sample means that the M_i th UE per drop. The total samples for simulation results are N*M. And the X is defined as X% = K_jth/(N*M), where K_jth is the jth UE for all drops.

Secondly, the exact ‘satisfied’ requirements need to consider throughput, latency and reliability at the same time. For example, the satisfied UE’s throughput should satisfy the throughput requirement, latency and reliability. 

[image: ]

Figure 3: system capacity illustration
Proposal 11: The system capacity should consider that the maximum number of users per cell to satisfy throughput, reliability, latency at the same time with at least X% of UEs being satisfied.

Power consumption
For XR service, different power consummations are listed in [2]. It is an important performance for XR service.
Firstly, the evaluation methodology and power model of UE power saving study in TR38.840 could be reused for the XR power consumption evaluation according to XR service characteristic and parameters.
Secondly, Rel-16 power saving techniques could be used for power consumption reduction of XR service support, such as DRX adaptation by DCI format 2_6, Cross-slot scheduling, BWP based maximum MIMO layer adaptation, SCells dormancy in Active Time. In addition, power saving technique, such as PDCCH monitoring adaptation in Rel-17 UE power saving enhancement, should be considered for UE power consumption evaluation for XR service. 
At last, power saving enhancement for XR service should be investigated for latency sensitive traffic of XR service which reduce impact on system performance.
Proposal 12: For XR service evaluation, the power consumption evaluation methodology and metric in TR38.840 could be reused and Rel-16 power saving scheme could be evaluated as baseline. And if needed, power saving enhancement for XR service should be considered for XR/CG service.

Mobility and Coverage evaluation

In RAN1#103-e, it is agreed that 
· RAN1 is to discuss whether/how to study/evaluate mobility and coverage at a later stage, e.g., starting from Q1 2021.
Firstly, mobility and coverage evaluation need exact requirement and metric. Taking coverage as example, 95% UE could satisfy system capacity per cell and evaluate the potential maximum coverage based on typical channel model and parameters. So far, there is no discussion on SA or RAN for mobility and coverage requirements. No requirement or metric for evaluation on mobility and coverage. The tremendous works on requirement discussion are needed from both SA and RAN at the first step.
Secondly, from evaluation methodology point, link budget is used to coverage evaluation. For coverage, link budget is used to calculate the potential maximum path loss between transmission side parameters and reception side parameters. The maximum coverage and coverage ISD of cell could be calculated based on path loss according to typical propagation model and scenario. The required SINR is needed for target BLER and target transmission rate. Target BLER and target transmission rate is the key performance target of XR/CG service. Link budget could be used as the matrix for coverage evaluation.
Thirdly, in general, link level and system level simulation evaluation on mobility evaluation are used. For mobility evaluation, it is used to evaluate whether the target requirement is satisfied on different mobility rate, e.g., 120Km/h, 500Km/h. Wherein, the target requirement needs to be defined in advance. E.g., in ITU evaluation, target requirement is related to data transmission rate, BLER, etc.
Proposal 13: For mobility and coverage evaluation of XR/CG, the target requirements need further discussion in SA and RAN firstly. 

Conclusion 
In this contribution, XR use cases, evaluation methodologies and traffic model are discussed and analyzed. Based on discussion, we have the following proposals:
Proposal 1: FR1 for XR evaluation could be considered as high prioritization, and FR2 could be optional.
Proposal 2: UMa  for XR evaluation could be considered as low prioritization and optional.
Proposal 3: the S slot format could consider 11D+1G+2U configuration. The electronic downtilt could consider 12 degree for XR configuration.
Proposal 4: the system bandwidth, 100MHz could be as baseline for both FR1 and FR2, and others could be low priority. 
Proposal 5: For antenna parameters of outdoor scenario. Option2, 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2) could be considered as XR/CG evaluation at starting stage. 
Proposal 6: Option 2 for FR2 antenna configuration, 4Tx/4Rx: (M, N, P, Mg, Ng; Mp, Np) = (2,4,2,1,2;1,2), (dH,dV) = (0.5, 0.5)λ, the polarization angles are 0° and 90° could be as baseline for XR evaluations.
Proposal 7: The realistic channel estimation is supported, ideal channel estimation could be as low prioritization and whether or not reporting results is up to each companies.
Proposal 8: For XR service evaluation, the latency could be defined as the delay budget of Air interface is 20%~25% of end-to-end latency requirement.
Proposal 9: For XR service evaluation in RAN1, the reliability could be specified by mapping of end-to-end PER of XR service requirements to BLER in Uu interface.
Proposal 10: For XR service evaluation, short term throughput, which is be defined as throughput of MAC PDU within delay budget, could be considered as the UPT of XR services.
Proposal 11: The system capacity should consider that the maximum number of users per cell to satisfy throughput, reliability, latency at the same time with at least X% of UEs being satisfied.
Proposal 12: For XR service evaluation, the power consumption evaluation methodology and metric in TR38.840 could be reused and Rel-16 power saving scheme could be evaluated as baseline. And if needed, power saving enhancement for XR service should be considered for XR/CG service.
Proposal 13: For mobility and coverage evaluation of XR/CG, the target requirements need further discussion in SA and RAN firstly. 
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