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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#104e meeting, some pertinent agreements were made as below [2]: 
	Agreement: Adopt following update for TDD configuration for XR/CG evaluation
· FR1:
· Option 1: DDDSU
· Option 2: DDDUU
· FR2:
· Option 1: DDDSU
· Option 2: DDDUU
Detailed S slot format is 10D:2F:2U. Other S slot format(s) can also be optionally evaluated.
Further clarify that for option 2 for FR1/FR2, there is [2]-symbol gap at the end of third “D” slot of  DDDUU.
FFS whether or not to differentiate the two options (e.g., mandatory vs. optional)

Agreement: For XR evaluation, ideal channel estimation can be optionally evaluated.

Agreements: System bandwidth for XR/CG evaluations are as follows.
· For FR1,
· Baseline: 100 MHz
· Optional: 20/40 MHz, 2*100 MHz with CA
· FR2
· Option 1: 100 MHz
· Option 2: 400 MHz
Companies should report the CA setting if CA is adopted.

Agreements:For outdoor scenarios, the BS antenna parameters are as
· 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)
Company to report the BS antenna parameters for XR/CG evaluation. 
Other BS antenna parameters can also be optionally evaluated.

Agreements:For FR2, UE antenna parameters for XR/CG evaluations are as follows.
· Option 1 (Follow Rel-17 evaluation methodology for FeMIMO in R1-2007151)
· (M, N, P)=(1, 4, 2), 3 panels (left, right, top)
· 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°
Company to report the UE antenna parameters for XR/CG evaluation. 
Other UE antenna parameters can also be optionally evaluated.

Agreements: For XR/CG evaluation, adopt following assumptions for BS height for Urban Macro
	Parameter
	Proposed value

	
	Urban Macro (FR1)

	BS height
	25m



Agreements: For Dense urban and Urban Macro, the UE height for indoor UEs is updated as following based on Table 6-1 in TR 36.873.
	
	
	Urban Micro/Macro cell 
with high UE density
(3D-UMi) /(3D-UMa)

	UE height (hUT) in meters
	general equation
	hUT=3(nfl – 1) + 1.5

	
	nfl for outdoor UEs
	1

	
	nfl for indoor UEs
	nfl ~ uniform(1,Nfl) where
Nfl ~ uniform(4,8)



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

Agreements: For Dense urban for XR/CG evaluation, update the agreement in RAN1 #103e for channel model as follows.
· Dense urban: FR1 and FR2
· Channel model: UMi UMa. Detailed definition of UMi UMa refers to TR 38.901.
Agreements: For XR/CG evaluation, adopt 12 degree for downtilt for Dense Urban in FR1.
· Other downtilt value can also be optionally evaluated
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 for 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. It is noted that Genie is not a power saving scheme but the result may serve as an upper bound of power saving gain of power saving techniques, which may potentially motivate development of new power saving techniques that can approach the Genie performance.
· R15/16/17 power saving techniques for connected mode, e.g., BWP, PDCCH skipping, search space switching, etc.

Agreements: 
UE power consumption (i.e., power saving gain of the evaluated scheme) for XR is evaluated in conjunction with impact on latency, user experience, and capacity.  In this regard, the following table is used to collect results for system level simulation from companies as a starting point. 
· FFS all UEs or only satisfied UEs are included for obtaining the PS gain
Table 1 Evaluation of UE power saving schemes for e.g., {dense urban, AR, FR1}
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Case 1
	#satisfied UEs per cell2 / #UEs per cell3

	
	Baseline
	Optional
	

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF1
	PS gain of 50%-tile UE in PSG CDF1
	PS gain of 95%-tile UE in PSG CDF1
	

	Case 1
	-
	-
	-
	-
	K1 / N

	Case 2
	X1 %
	Y1 %
	Z1 %
	U1%
	K2/ N

	Case X
	X2 %
	Y2 %
	Z2 %
	U2%
	K3 / N

	 
	 
	 
	 
	 
	 


Note 1: CDF of power saving gains of each UE
Note 2: # of satisfied UEs per cell among # of UEs per cell (=N). 
Note 3: # of dropped UEs per cell (=N) that needs to be the same for all power saving schemes to be evaluated.
Note 4: company to provide the detailed simulation assumptions including parameter values for each case, e.g. CDRX parameters

Agreements: For UL UE power consumption evaluation for UE with transmit power X [0,23] dBm, adopt the following 
· Option 1 (Baseline): 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
· Option 2 (FFS mandatory or optional): Linear interpolation method in linear scale for Tx power values other than 0 dBm and 23 dBm 
· FFS whether or not to differentiate the two options (e.g., mandatory vs. optional)
· FFS whether or not to consider UE with transmit power less than 0 dBm



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 a discussion on the dependency of DL and UL evaluation. Some companies preferred the joint evaluation of DL and UL traffic based on 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. However, the same issue still exists for the evaluation of other metrics, e.g., power saving. We prefer to extend the current agreement to the evaluation of other metrics.
Proposal 1: Extend the current agreement on the dependency of DL/UL to the evaluation of other metrics (e.g., power saving). That is to say, for XR/CG power saving/mobility/coverage evaluation,
· Baseline: DL and UL performances are evaluated independently
· Optional: DL and UL performance are evaluated together 

For TDD DL/UL configurations, RAN1 agreed two options for both FR1 and FR2. There are still some remaining issues such as:
· whether or not to differentiate the two options (e.g., mandatory vs. optional)
· Further clarify that for option 2 for FR1/FR2, there is [2]-symbol gap at the end of third “D” slot of DDDUU
The configuration of Option 1 is for DL-heavy traffic. According to the current traffic models, Option 1 is suitable for VR/CG services which have large DL data rates (e.g., video) and limited UL data rate (e.g., control/prose). In contrast, AR conversational service also has UL video stream. Thus, the main motivation of Option 2 is to support the service with large UL data rate. As we discussed, different TDD DL/UL configurations are suitable for different services. We don’t need to spend much effort/time to discuss which one is mandatory and which one is optional. Companies select one of them based on their preference and report the selection.
Proposal 2: Regarding the TDD DL/UL configuration for XR/CG evaluation, it is up to companies to choose Option 1 and Option 2 in their evaluations and companies should report which option is used in the evaluation.

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 the confirm the clarification in the agreement by removing the brackets.
Proposal 3: Confirm the clarification: for option 2 for FR1/FR2, there is 2-symbol gap at the end of third “D” slot of DDDUU.

As stated in the WID [1], power consumption is an important factor for XR and Cloud Gaming. Thus, evaluation of power consumption is beneficial for better understanding the support of XR/CG in NR. During the study of UE power saving, the impact of various aspects on the power consumption was discussed extensively. Based on the solid work, a detailed model of UE power consumption was established and widely supported in RAN1 [2]. Thus, we propose to reuse the same model specified in TR 38.840 [2]. Some key parameters are shown in Table 1 and Table 2. 
Table 1: UE power consumption model for FR1 [2]
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)



Table 2: UE power consumption model for FR2
	Power State
	Characteristics
	Relative Power

	
	
	FR1
	FR2 

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot.
	100
	175

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell.. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
(Note 2 SSBs in a slot for the ref. config.)
	100
	175

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300
	350

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)
	350




-	Sleep states power level, energy overhead, and transitions are same as FR1.
Some proposals were suggested to further refine or modify the power consumption models in order to deal with some configurations/cases unspecified in TR 38.840. We understood the intention of more accurate modelling of power consumption at UE side. However, from our understanding, the evaluation of power consumption is a relatively rough estimation of the real power consumption of active UE. The current model of TR 38.840 has considered all the key aspects which have obvious impact on UE power consumption. Thus, more elaborations on other aspects that are not modelled in TR 38.840 will not offer much additional benefit.
Proposal 4: For power consumption evaluation, reuse the model of power consumption defined in TR 38.840. 

In additional to the power consumption defined in TR 38.840, RAN1#104b agreed two options for the power modeling of UE transmit power [0, 23] dBm. There are two remaining issues
· whether or not to differentiate those two options (e.g., mandatory vs. optional). 
· whether or not to consider UE with transmit power less than 0 dBm
The current model defined in TR 38.840 is sufficient. Option 1 and Option 2 only provide further optimization for that model, and there will be not much impact on the final evaluation results. Thus, we have the following proposes:
Proposal 5: For UL UE power consumption evaluation for UE with transmit power X [0,23] dBm, it is up to companies to choose Option 1 or Option 2.
Proposal 6: For the transmit power less than 0 dBm, it is up to companies whether/how to deal with it.
As for the reference performance, RAN1 agreed Case 1 as the baseline and left a remaining issue whether Case 2 should be baseline or not. From the perspective of workload, we slightly prefer to take Case 2 as optional
Proposal 7: For the power saving evaluation of XR/CG, Case 2 is optional.  
Mobility is another factor 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 8: The evaluation on the impact of motility events on XR/CG is optional and the detailed parameter setting is up to companies.  

3. Discussion on KPIs
System capacity has been defined as below in the last RAN1 meeting:
	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


[bookmark: _GoBack]The method to determine whether a UE is satisfied or not is not determined yet. As shown in TR 21.928 [4], a service is characterized by the data rate, packet delay budget and packet error rate. It is natural and convenient to use these factors to evaluate the satisfaction level of UEs
Table 3: Initial Traffic Characteristics for different architectures [4]
	 Architecture
	DL Rate range
	UL Rate range
	DL PDB
	UL PDB
	RTT 
	DL PER range
	UL PER range
	Traffic periodicity range
	Traffic file size distribution

	Viewport independent streaming
	100 MBPs
	HTTP requests every second. TCP handshake
	See adaptive streaming
	See adaptive streaming
	See adaptive streaming and TCP equation
	10e-6
	10e-6
	Almost constant
	 Almost constant

	Viewport dependent streaming 
	25 MBPs
	More frequent HTTP requests every 100ms. TCP handshake
	See adaptive streaming
	See adaptive streaming
	See adaptive streaming and TCP equation
	10e-6
	10e-6
	Almost constant
	 Almost constant

	Viewport Rendering in Network case 1
	 100 MBit/s
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Viewport Rendering in Network case 2
	 1 GBit/s
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS
	 FFS

	Viewport Rendering in Network case 3
	10 Gbit/s
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Raster-based Split Rendering with Pose Correction
	100 Mbit/s
	500 kbit/s
	20ms
	10ms
	50ms
	FFS
	FFS
	Almost constant
	FFS

	Generalized Split Rendering
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	XR Distributed Computing
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	XR Conversational
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	XR Conferencing

Details are FFS
	3Mbit/s up to 50Mbit/s per user
	3Mbit/s up to 50Mbit/s
	Allowing real time communication
	Allowing real time communication
	Allowing real time communication
	FFS
	FFS
	almost constant (with peek during start-up)
	> 50Mb at the beginning, depending on media consumption no or almost constant 


Note: Either RTT applies, or UL and DL PDB applies separately, but RTT and UL/DL PDB cannot apply simultaneously
In the simulation, it is preferred to do UL and DL procedures separately, rather than the simultaneous of UL and DL. Thus, we suggest to define separate tuples of performance indicators for UL and DL:
Proposal 9: For each identified traffic/service, whether a UE is satisfied or not is not determined based on the following tuples, where the detailed values is to be determined based on the traffic models.  
· DL: {Data rate, Packet Delay Budget, Packet Error Rate}
· UL: {Data rate, Packet Delay Budget, Packet Error Rate}
The system capacity reflects the NR capacity for specific XR/CG services. Another aspect of investigating the NR support of XR/CG is the service quality of each XR/CG user. A CDF curve of achievable data rate / packet delay is a good tool to illustrate the various qualities of XR/CG users. Moreover, the CDF of data rate / packet delay can also provide meaningful information for the coverage and mobility cases. 
Proposal 10: For each identified traffic/service, the following results are provided 
· CDF of achievable data rate
· CDF of packet delay

4. 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: Extend the current agreement on the dependency of DL/UL to the evaluation of other metrics (e.g., power saving). That is to say, for XR/CG power saving/mobility/coverage evaluation,
· Baseline: DL and UL performances are evaluated independently
· Optional: DL and UL performance are evaluated together 

Proposal 2: Regarding the TDD DL/UL configuration for XR/CG evaluation, it is up to companies to choose Option 1 and Option 2 in their evaluations and companies should report which option is used in the evaluation.
Proposal 3: Confirm the clarification: for option 2 for FR1/FR2, there is 2-symbol gap at the end of third “D” slot of DDDUU.
Proposal 4: For power consumption evaluation, reuse the model of power consumption defined in TR 38.840. 
Proposal 5: For UL UE power consumption evaluation for UE with transmit power X [0,23] dBm, it is up to companies to choose Option 1 or Option 2.
Proposal 6: For the transmit power less than 0 dBm, it is up to companies whether/how to deal with it.
Proposal 7: For the power saving evaluation of XR/CG, Case 2 is optional.  
Proposal 8: The evaluation on the impact of motility events on XR/CG is optional and the detailed parameter setting is up to companies.  
Proposal 9: For each identified traffic/service, whether a UE is satisfied or not is not determined based on the following tuples, where the detailed values is to be determined based on the traffic models.  
· DL: {Data rate, Packet Delay Budget, Packet Error Rate}
· UL: {Data rate, Packet Delay Budget, Packet Error Rate}
Proposal 10: For each identified traffic/service, the following results are provided 
· CDF of achievable data rate
· CDF of packet delay
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