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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Introduction
[bookmark: OLE_LINK1]During several latest RAN1 meetings, the overall evaluation assumptions for XR have been agreed, and the details are summarized in Annexes A.1 and A.2.
During RAN1#105-e meeting, some issues for evaluation towards capacity and power consumption were discussed, and the achieved agreements related to evaluation methodologies are summarized in Annex A.3. For coverage evaluation, there were many discussions in RAN1#105-e meeting, but no consensus was achieved in the end.
In this contribution, we mainly focus on discussing the evaluation methodologies for coverage and mobility evaluations. In addition, some remaining issues for capacity evaluation methodology are also discussed.
2. [bookmark: _Ref54385236]Evaluation methodologies
For XR/Cloud Gaming evaluation, several aspects of performance are considered, including capacity, power consumption, coverage and mobility. In the following sections, some issues for each of these aspects will be discussed.
2.1. Capacity
2.1.1. Multiple streams/flows
During RAN1#104-e and RAN1#104b-e meetings, modelling on multiple streams or flows was extensively discussed under the traffic model AI. During RAN1#104b-e meeting, the following agreements regarding DL and UL respectively have been achieved.
Agreement:
In addition to single stream per UE in DL which is baseline, two streams can be optionally evaluated for DL
· Option 1: I-frame + P-frame
· Option 1A: slice-based traffic model
· Option 1B: Group-Of-Picture (GOP) based traffic model
· Option 2: video + audio/data 
· Option 3: FOV + omnidirectional stream
· Companies should report detailed assumptions in their simulations on packet size distribution for each stream, packet arrival interval (or fps) for each stream, PDB for each stream, PER requirement for each stream, criteria for being satisfied.
· Companies should strive to align the parameter values for the options chosen as much as possible
· FFS: Whether audio stream is separate or aggregated with the data stream in option 2 (Intention of option 2 is not to create a 3 stream option)


[bookmark: _Hlk71124722]Agreement:
For evaluations of AR in UL:
· In case multiple steams are evaluated for UL AR, a UE is declared as satisfied only when each stream meets the requirement that X (%) of packets are successfully delivered within a given air interface PDB. 
· X value for pose/control: follow X values for pose/control for CG/VR
· X value for other stream: follow X values for DL video stream.


For multiple streams in a given transmission direction, each stream may have individual characteristics and/or requirements. Then, how to determine if a user with multiple streams is satisfied or not should be discussed. 
Based on the above agreement for UL AR, in the case that multiple streams are evaluated for UL AR, a UE is declared as satisfied only when each stream meets the requirement that X (%) of packets are successfully delivered within a given air interface PDB. We believe that the same rule can also be applied to other application(s) and/or transmission direction, when multiple streams are assumed, and the X value and the given air interface PDB for each stream can be set individually according to the requirements for the stream. The detailed values of X and PDB for I-frames and P-frames can be further discussed.
Proposal 1: A UE with multiple streams is declared as a satisfied UE if each stream from the multiple streams has been satisfied, i.e. for each stream more than X (%) of packets are successfully transmitted within a given air interface PDB, where the X value and the given air interface PDB can be set per stream.
2.2. [bookmark: _Ref54385194]Coverage 
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]For coverage evaluation, two approaches can be considered. One approach is based on system-level simulation (SLS), which is similar to capacity evaluation for XR. The other approach is based on link-level simulation (LLS), which is similar to the evaluation methodology adopted in coverage enhancement SI.
For coverage evaluation based on SLS, all the agreed simulation assumptions for capacity evaluation can be reused. For each UE dropped in the simulation, PER, coupling gain, and distance between the UE and serving gNB, etc. can be collected as outputs. With these outputs, the bottleneck channel can be observed. To be specific, the detailed procedure for SLS is described as follows:
· Step 1: Run system-level simulation(s) for capacity evaluation and collect the corresponding intermediate results, such as coupling gain between the UE and serving gNB for each UE dropped in the simulation(s).
· Step 2: Select the satisfied UEs for each of which the requirement of PER > X% is met (i.e., more than X (%) packets are successfully transmitted in the given air interface PDB), e.g., X=99.
· Step 3: Find the maximum value of coupling loss or distance between UE and serving gNB among the satisfied UEs, for UL and DL respectively.
· Step 4: Determine the bottleneck of data channel, e.g., which transmission direction is more limited in coverage, DL or UL, and how far a satisfied UE can locate from its serving gNB in the more limited transmission direction.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Taking AR (DL-30Mbps, UL-10Mbps) traffic in Dense Urban in FR1 as an example, the CDF curve of coupling gain is shown as below:
[image: ]
[bookmark: _Ref71662453]Figure 3. Coupling gain of satisfied UE for AR traffic in FR1 Dense Urban
It can be observed from Figure 3 that the minimum coupling gain of satisfied UEs is about -121.9 dB for PDSCH and -117.0 dB for PUSCH, and the bottleneck channel for AR traffic is PUSCH in FR1 Dense Urban scenario.
Proposal 2: For SLS approach for coverage evaluation, edge user coupling gain with #UEs/cell equal to capacity can be used as evaluation metric.
For coverage evaluation based on LLS, most of the agreed simulation assumptions for capacity evaluation can also be reused, as in our companion contribution [4]. The detailed procedure for LLS is described as follows: 
· [bookmark: OLE_LINK4][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Step 1: Calculate the minimal SE (spectral efficiency) requirement based on TDD UL and DL configuration, maximum number of PRBs, control channel/reference signal overhead, mean data rate and PDB requirement of XR service. Select the minimal MCS index from the MCS table, for which the corresponding target SE is larger than the calculated minimal SE. Acquire the BLER-SNR curve corresponding to the minimal MCS by LLS simulation, and determine the required SINR based on the PER requirement of XR service.
· [bookmark: OLE_LINK5]Step 2: Obtain the required SINR for each of the target physical channels under target scenarios and service/reliability requirements. Regarding the target physical channels, traffic channels can be mainly focused on, such as PDSCH and PUSCH. Other control channels, such as PDCCH and PUCCH, may also be considered for reference.
· Step 3: Calculate the max isotropic loss (MIL) value for each target physical channel based on its required SINR according to the link budget template, in which the antenna gain, beamforming gain, and some losses such as body loss and cable loss, are also considered.
Proposal 3: For LLS approach for coverage evaluation, MIL (max isotropic loss) can be used as evaluation metric.
Based on the above discussion, for SLS approach, it is premature to say whether coverage is limited or not since capacity is the main influence, though it requires less simulation effort. While for LLS approach, it is easier to understand and more align with previous RAN1 work. However, interference is not considered in LLS approach, and a lot of extra work is required such as simulation assumption alignment. In our point of view, each approach has its own pros and cons, so it can be up to companies to choose one or both of them for coverage evaluation.
[bookmark: _Ref54383825]Proposal 4: For XR/Cloud Gaming coverage evaluation, both SLS and LLS approach can be considered, and it is up to companies to choose one or both of them.
2.3. Mobility
Mobility is one of the important factors that influence the user experience, especially for the user moving with high velocity. The impact of mobility can be described as the capacity performance degradation when a UE delivering XR traffic is on the move. The performance degradation due to mobility may be related to channel condition change due to UE location update, connection interruption due to handover events, etc. For mobility evaluation for XR, we can mainly focus on the impact of connection interruption due to handovers, considering that XR device is typically operating with XR service(s) in connected mode. 
Proposal 5: For XR/Cloud Gaming mobility evaluation, RAN1 focuses on evaluating capacity performance degradation due to handover procedure.
For XR mobility evaluation, it is too complicated to simulate the capacity performance by modeling the detailed handover procedure in the system-level simulation for XR. Therefore, performance impacts due to handover procedures can be evaluated by numerical analysis, based on the given assumptions of handover probability and interruption delay. The handover probability is defined as the frequency of handovers for a given UE, in unit of the number of handover events per second per UE.
An example is provided in the following Step 1 to determine the handover probability assumption.
· Step 1: Determine handover probability
The handover probability can be determined based on modeling handover procedure in the system-level simulation, including handover failure modelling in [2]. Moreover, the simulation assumptions for XR capacity evaluation need to be reused as much as possible e.g. deployment scenarios, frequency band, etc. However, such evaluation may increase the simulation work, and potentially introduce the uncertainty of mobility evaluation for XR due to the non-aligned assumptions.
Therefore, we think the handover probability can be determined based on empirical values for a given UE speed. 
· Step 2: Analyze capacity performance loss due to interruption delay based on handover probability
With respect to analysis for capacity performance degradation, the following operations can be considered further.
· Determine upper limit for the number of discarded or severely delayed packets due to handovers based on handover probability
To ensure the user experience, the maximum number of discarded or severely delayed packets due to handovers should not exceed the PER requirement. Assuming Z is the number of handover events per second per UE, the upper limit for the number of discarded or severely delayed packets due to handovers, Nmax, is calculated as Nmax = (FPS * PER) / Z, where FPS is the FPS of the traffic flow, especially the video traffic flow.
· Analyze the performance gap based on typical interruption delay 
The interruption delay can be interpreted as the duration of temporary interrupt for the data link between a UE and the network during which any transmission and reception for traffic data will be interrupted or suspended. It is mainly for the interruption due to the random access to the target cell. Based on existing analysis or assumptions so far, the typical interruption delay can be in the range of 40~80ms.
For a UE performing a successful handover, the number N of discarded or severely delayed packets due to the typical interruption delay can be calculated as N = round (interruption delay / p), where p is the periodicity of the traffic flow in ms, and can be calculated as p = 1000 / FPS. 
If N > Nmax, it can be understood that the interruption delay due to a handover procedure has a great impact on the user experience of XR service.
For the above method, an example is given as bellows. In the example, Urban Macro scenario is assumed and the handover probabilities for UE speed = 3/30/60 km/h are illustrated in Table 1. 
Assuming FPS = 60 for XR traffic and PER = 1%, the values of Nmax for the given UE speeds are determined as in Table 1.
[bookmark: _Ref79163064]Table 1 Examples of Z and Nmax for mobility evaluation
	
	UE speed (km/h)

	
	3
	30
	60

	Handover probability: Z
	0.04
	0.25
	0.30

	Upper limit for the number of discarded or severely delayed packets due to interruption delay: Nmax
	16.24
	2.37
	2.00


Assuming the typical interruption delay is 40 ms, N = round (40 / 16.67) = 3. For UE speed = 30 km and 60 km/h scenarios, N  > Nmax, mobility enhancement is requied to ensure the continuity of XR traffic.
[bookmark: _Ref54383826]Proposal 6: For XR/Cloud Gaming mobility evaluation, the number of discarded or severely delayed packets due to interruption delay can be used as evaluation metric.
3. Conclusion
In this contribution, we provide our views on the remaining issues for XR and Cloud Gaming evaluation methodologies, with the following proposals:
Proposal 1: A UE with multiple streams is declared as a satisfied UE if each stream from the multiple streams has been satisfied, i.e. for each stream more than X (%) of packets are successfully transmitted within a given air interface PDB, where the X value and the given air interface PDB can be set per stream.
Proposal 2: For SLS approach for coverage evaluation, edge user coupling gain with #UEs/cell equal to capacity can be used as evaluation metric.
Proposal 3: For LLS approach for coverage evaluation, MIL (max isotropic loss) can be used as evaluation metric.
Proposal 4: For XR/Cloud Gaming coverage evaluation, both SLS and LLS approach can be considered, and it is up to companies to choose one or both of them.
Proposal 5: For XR/Cloud Gaming mobility evaluation, RAN1 focuses on evaluating capacity performance degradation due to handover procedure.
Proposal 6: For XR/Cloud Gaming mobility evaluation, the number of discarded or severely delayed packets due to interruption delay can be used as evaluation metric.
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Annex
A.1 Simulation assumptions for FR1
This subclause describes the system-level simulation assumptions for FR1. 
Table A.1-1: General parameters for FR1
	Parameter
	Value

	Deployment
	Indoor hotspot refers to TR 38.913
Dense urban with single layer of Marco layer refers to TR 38.913
Urban Macro refers to TR 38.913

	Channel model
	For Indoor hotspot:
· InH refers to TR 38.901
For Dense urban: 
· Uma refers to TR 38.901
For Urban Macro: 
· Uma refers to TR 38.901

	Layout
	For Indoor hotspot: 
· 120m x 50m, ISD = 20m, TRP numbers: 12
For Dense urban: 
· 21 cells with wraparound, ISD = 200m
For Urban Macro: 
· 21 cells with wraparound, ISD = 500m

	Carrier frequency
	4GHz

	Subcarrier spacing
	30kHz

	System bandwidth
	Baseline: 100 MHz
Optional: 20/40 MHz, 2*100 MHz with CA
Companies should report the CA setting if CA is adopted.

	TDD configuration
	Option 1: DDDSU (S: 10D:2F:2U)
Option 2: DDDUU (The end of third ‘D’: 2-symbol gap)

	BS Tx power
	For Indoor hotspot: 
· 24 dBm per 20 MHz
For Dense urban: 
· 44 dBm per 20 MHz
For Urban Macro: 
· 49 dBm per 20 MHz
For system BW larger than above, Tx power scales up accordingly.

	UE Tx power
	23 dBm, 
Power control parameter: Companies should report

	BS antenna parameters
	For InH scenario:
· 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1;4,4)
· (dH, dV) = (0.5λ, 0.5λ)
For Dense Urban/Urban Macro scenario:
· 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)
· (dH, dV) = (0.5λ, 0.8λ)

	UE antenna parameters
	Baseline: 
DL: 4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ
UL: 2T, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ

	BS height
	For Indoor hotspot: 
· 3m
For Dense urban: 
· 25m
For Urban Macro: 
· 25m

	UE height
	For InH scenario:
· 1.5m
For Dense Urban/Urban Macro scenario:
· Outdoor UEs: 1.5 m
· Indoor UTs: 3(nfl – 1) + 1.5; nfl ~ uniform(1,Nfl) where Nfl ~ uniform(4,8)

	BS antenna pattern
	For Indoor hotspot: 
· Ceiling-mount antenna radiation pattern, 5 dBi
For Dense urban: 
· 3-sector antenna radiation pattern, 8 dBi
For Urban Macro: 
· Ceiling-mount antenna radiation pattern, 5 dBi

	UE antenna pattern
	Omni-directional, 0 dBi

	Noise figure
	BS: 5 dB, UE: 9dB

	Downtilt
	For Indoor hotspot:
· 90° (pointing to the ground)
For Dense urban: 
· 12 degree
For Urban Macro: 
· 6 degree

	UE distribution
	For InH scenario: 
· 100% indoor
For Dense Urban/Urban Macro scenario: 
· 80% indoor, 20% outdoor

	UE speed
	3 km/h

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic
Ideal (optional)

	MCS
	Up to 256QAM

	Scheduler
	MU-MIMO PF scheduler

	Target BLER
	10%

	Max HARQ transmission
	4


[bookmark: _Toc55986501][bookmark: _Toc54335634]A.2	Simulation assumptions for FR2
This subclause describes the system-level simulation assumptions for FR2.  
Table A.2-1: General parameters for FR2
	Parameter
	Value

	Deployment
	Indoor hotspot refers to TR 38.913
Dense urban with single layer of Marco layer refers to TR 38.913

	Channel model
	For Indoor hotspot: 
· InH refers to TR 38.901
For Dense urban: 
· Umi refers to TR 38.901

	Layout
	For Indoor hotspot:
· 120m x 50m, ISD: 20m, TRP numbers: 12
For Dense urban: 
· 21cells with wraparound, ISD: 200m

	Carrier frequency
	30GHz

	Subcarrier spacing
	120KHz

	System bandwidth
	Option 1: 100 MHz
Option 2: 400 MHz
Companies should report the CA setting if CA is adopted.

	TDD configuration
	Option 1: DDDSU (S: 10D:2F:2U)
Option 2: DDDUU (The end of third ‘D’: 2-symbol gap)

	BS Tx power
	For Indoor hotspot: 
· 23 dBm per 80 MHz. EIRP should not exceed 58 dBm
For Dense urban: 
· 40 dBm per 80 MHz. EIRP should not exceed 73 dBm
For system BW larger than above, Tx power scales up accordingly.

	UE Tx power
	23 dBm, maximum EIRP 43 dBm, 
Power control parameter: Companies should report

	BS antenna parameters
	For InH scenario:
· 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (16, 8, 2,1,1;1,1)
· (dH, dV) = (0.5λ, 0.5λ)
For Dense urban scenario:
· 2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
· (dH, dV) = (0.5λ, 0.5λ)

	UE antenna parameters
	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.
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°

	BS height
	For Indoor hotspot: 
· 3m
For Dense urban: 
· 25m

	UE height
	For InH scenario:
· 1.5m
For Dense Urban/Urban Macro scenario:
· Outdoor UEs: 1.5 m
· Indoor UTs: 3(nfl – 1) + 1.5; nfl ~ uniform(1,Nfl) where Nfl ~ uniform(4,8)

	BS antenna pattern
	For Indoor hotspot: 
· Ceiling-mount antenna radiation pattern, 5 dBi
For Dense urban: 
· 3-sector antenna radiation pattern, 8 dBi

	UE antenna pattern
	UE antenna radiation pattern model 1, 5dBi

	BS noise figure
	7 dB

	UE noise figure
	13 dB

	Downtilt
	For Indoor hotspot: 
· 90° (pointing to the ground)
For Dense urban: 
· 12 degree
Other downtilt can be optionally evaluated

	UE distribution
	For indoor scenario: 
· 100% indoor
For outdoor scenario: 
· 100% outdoor
Other UE distribution can be evaluated optionally

	UE speed
	3 km/h

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic
Ideal (optional)

	MCS
	Up to 256QAM

	Scheduler
	SU-MIMO PF scheduler

	Target BLER
	10%

	Max HARQ transmission
	4


A.3 Agreements in RAN1#105-e
Agreement
Confirm the 2-symbol gap at the end to third “D” slot of DDDUU for FR1/FR2.
· Applies only for Option 2

Agreement
UE with transmit power less than 0 dBm is considered for power consumption evaluation, adopt option 2 as baseline, i.e. the power model of 0 dBm for UE with transmit power less than 0 dBm.
· Option 1 can be optionally evaluated
· Note: Above is not intended to introduce new power class

Agreement
For FR2, it is up to company to report the UE UL power consumption model.
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