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[bookmark: _Ref513464071]Introduction
In RAN#103-e and RAN#104-e meetings, several agreements were made on evaluation assumptions for XR [1], including
	RAN#103-e 

Agreement 3: 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 4: Urban Macro can be reported for XR/CG evaluations only for FR1.
· FFS: whether Uma is optional or not
· Following parameters can be assumed.
	Parameter
	Proposed value

	
	Urban Macro (FR1)

	Layout
	21cells with wraparound
ISD = 500 m

	BS Tx power
	FR1: 49 dBm/20 MHz


Agreement 6: 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 8: Adopt the following UE distribution for XR/CG evaluation for outdoor scenario
· For outdoor scenario:
· FR1: 80% indoor, 20% outdoor
· FR2: 100% outdoor
Other UE distribution can be evaluated optionally.

RAN#104-e

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.
[bookmark: _Hlk63495643] 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
Note 5: company can report one or more power saving gain metrics (i.e. mean PS gain or PS gain of 5%/50%/95%/-tile UE in PSG CDF) for each power saving scheme



In this contribution, we provide initial system level evaluation results for a number of XR traffic models. We also provide our views on additional issues on evaluation methodologies including identification of KPIs of interest for relevant deployment scenarios.     
XR/CG Performance Evaluation 
System level simulations are done to evaluate system capacity performance for a single DL data stream. An underlying assumption where the UEs are always ON (no power saving technique) is set as baseline while some CDRX based as power saving scheme are also included to provide reference results. Several simulation assumptions for evaluation of capacity employing system level simulation have been agreed in RAN#103-e and RAN#104e. Moreover, traffic models for simulation covering VR/AR/CG use cases have been detailed.  
2.1 Traffic Model for RAN evaluation
RAN#104-e agreed to adopt a statistical traffic model for a single DL video stream for a single UE where a packet is assumed to represent multiple IP packets corresponding to a single video frame for modelling/evaluation purposes, e.g., traffic arrival, packet size, evaluation of latency and reliability. The specific XR/CG traffic models employed for system level simulations are given in Table-1.  

Table 1: Traffic models for XR/CG evaluation
	DL
	Data Rate
	30Mbps @60fps
	45 Mbps @60fps 

	
	FPS
	60 fps (baseline)
120 fps (optional)
Other values, e.g., 30, 90 fps can be also optionally evaluated. 

	
	Packet Arrival Distribution (single video stream)
	Periodic (with periodicity = 1/FPS)
- Each packet k corresponds to set of IP packets belonging to video frame k
- Jitter (with random distribution) is added to arrival slot of each packet k

	
	Packet Size Distribution
	Truncated Gaussian distribution 
- Mean: Derived from average data rate and fps as: (average data rate) / (fps for video stream, i.e., # packets per second in our statistical model) / 8 [bytes]
- STD : [15% of Mean packet size derived above]
- Max packet size : [1.5 x Mean packet size derived above]
- Min packet size :  TBD

	
	Air Interface PDB
	10ms 
Other values, e.g., 5ms, 20 ms can be optionally evaluated. 
	10ms 
Other values, e.g., 5ms, 20 ms can be optionally evaluated. 
	15ms
Other values, e.g., 10ms, 30ms can be optionally evaluated. 

	
	Jitter (single video stream)
	Arrival time of packet k is k/X x 1000 [ms] + J [ms], where X is the given fps value and J is a random variable (drawn from Truncated Gaussian Distribution)
- Mean: [0], STD: [2 ms], Range: [[-4, 4]ms] 



2.2 Simulation assumptions
The simulation assumptions employed to evaluate system level performance for FR1 are detailed in Table 2.  
Table 2: Assumptions for System-level simulation
	Scenario
	Indoor hotspot
	Dense Urban

	Layout
	120m x 50m
ISD: 20m
TRP numbers: 12
	21 cell with wraparound
ISD：200m

	Carrier frequency
	FR1:4GHz
	FR1:4GHz


	Bandwidth
	FR1:100MHz
	FR1:100MHz


	Subcarrier spacing
	FR1: 30 kHz
	FR1:30kHz

	BS height
	3m
	25m

	UE height
	hUT=1.5 m

	BS noise figure
	FR1: 5 dB
	FR1: 5 dB


	UE noise figure
	FR1: 9 dB
	FR1: 9 dB

	BS receiver
	MMSE-IRC
MMSE-IRC

	UE receiver
	

	UE speed
	3 km/h

	Channel estimation
	Realistic

	MCS
	Up to 256QAM

	BS antenna pattern
	Ceiling-mount antenna radiation pattern, 5 dBi
	3-sector antenna radiation pattern, 8dBi

	UE antenna pattern
	FR1: Omni-directional, 0 dBi,
	FR1: Omni-directional, 0 dBi,


	TX power 
	gNB: FR1: 24dBm/20MHz;

	gNB: FR1:44dBm/20MHz

	gNB antenna configuration 
	gNB:
· FR1:32Tx antenna port, (M,N,P,Mg,Ng; Mp,Np)=(4,4,2,1,1;4,4), (dH, dV) = (0.5, 0.5)λ
The antenna tilt is 90 degrees.
	gNB: 
· FR1:32Tx antenna port, (M,N,P,Mg,Ng; Mp,Np)=(4,4,2,1,1;4,4) , (dH, dV) = (0.5λ, 0.8λ)

The antenna tilt is 12 degrees.

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

	UE distribution
	100% of users are indoor 3km/h
	80% of users are indoor, 20%of users are outdoor

	Number of UEs per cell
	Up to 12
	Up to 8

	Transmission scheme
	32-port CSI-RS Type I codebook

	Scheduling Algorithm
	MU-MIMO with PF scheduling

	TDD Frame structure
	DDDSU

	Target BLER
	10% first transmission BLER

	HARQ/repetition
	3 HARQ retransmission

	Channel estimation
	Realistic Channel estimation

	CSI acquisition
	Realistic, CSI report periodicity 20ms, CSI processing delay is 4ms. CSI quantization

	Overhead
	3 symbols per 14 symbol (2 symbol PDCCH+1 symbol DMRS)

	UE receiver
	MMSE-IRC

	Traffic parameters
	DL traffic model parameters:
· Packet size distribution: Truncated Gaussian, each packet is a video frame 
Mean: Derived from average data rate and fps as: (average data rate) / (fps for video stream, i.e., # packets per second in our statistical model) / 8 [bytes]
- STD : [15% of Mean packet size derived above]
- Max packet size : [1.5 x Mean packet size derived above]
- Min packet size :  67 bytes
· Packet arrival distribution: Periodic with periodicity of 1/x, x=60fps
· Data rates: VR/AR (30/45Mpbs @60fps) and CG (45Mbps @60fps)
· Jitter: Truncated Gaussian distribution (mean:0, std:2ms)
· PDB: VR/AR: 10ms and CG: 15ms


	Metrics
	UEs with >99% of files delivered within PDB Resource utilization



Simulation results
3.1 DL system Capacity for XR/CG
System capacity provides the maximum number of supported UEs out of which at least X% of UEs are satisfied where X=90 (baseline) is employed in the current simulation. Moreover, in RAN#104-e [1], it was agreed that a UE is declared a satisfied UE if more than Y (%) of packets are successfully transmitted within a given air interface PDB. The exact value of Y is yet to be specified, e.g., 99%, 95%, however, here, we perform evaluations taking Y=99%. The traffic model parameters indicated in Table 1 are used for both Indoor hotspot and dense urban simulations. Details of the simulation results for each are given below:
Indoor Hotspot
System capacity for indoor hotspot is evaluated for FR1 (4 GHz) based on the parameter settings given in Table-2. 
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Figure 1: FR1 DL system capacity for XR/CG in Indoor hotspot supporting 30Mbps and 45Mbps within 10ms PDB
Figure 1 shows results for DL system capacity for MU-MIMO with PF scheduling where 99% of packets are assumed to have arrived within 10ms PDB. It can be seen that, @30Mbps, up to 9 UEs per cell can support XR/CG applications while @45Mbps, only 4 UEs per cell are supported for the packet size distribution specified in Table -1.  
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[bookmark: _Ref54354924]Figure 2: FR1 DL system capacity for CG in Indoor hotspot supporting 45Mbps within 15ms PDB
Figure 2 shows system capacity supporting XR/CG application @45Mbps where 99% of packets are within 15ms PDB. It is observed that affording an extra 5ms in PDB by increasing from 10ms to 15ms would enable to support up-to 9 UEs per cell, i.e., 5 UEs more than can be supported @45Mbps within 10ms which is a more than 50% increase in capacity.
Dense Urban
Similar evaluation results are provided for Dense Urban scenario for both 30Mbps and 45Mbps data rates where 99% of packets are assumed to fulfill the 10ms PDB.

[image: ][image: ]

[image: ][image: ]
Figure 3: FR1 DL system capacity for XR/CG in Dense Urban supporting 30Mbps and 45Mbps within 10ms PDB
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Figure 4: FR1 DL system capacity for CG in Dense Urban supporting 30Mbps within 15ms PDB

Figures 3 and 4 provide similar observation as Figures 1 and 2 showing the decrease in system capacity as cell load increases. Moreover, it is also observed that, @45Mpbs, system capacity increases by 50% as PDB is increased from 10ms to 15ms.     
Conclusion.
In this contribution, we provided initial system level simulation results showing DL capacity performance for XR/CG application in Indoor Hotspot as well as Dense Urban deployment scenarios and made the following observations:
Observation-1: System Capacity, i.e., the maximum number of supported UEs out of which at least 90% of UEs are satisfied, is very limited in both Indoor hotspot and dense urban scenarios (up to 9 UEs @30Mbps and 10ms and up to 4 UEs @45Mbps and 10ms).
Observation-2: @45Mbps, system capacity increases by 50% when increasing PDB from 10ms to 15ms.  
References
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