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1 Introduction
The following objective is included in the study item description [1] of Release 17 XR evaluation for NR:
	The objective of this study item are as follows:

· Confirm XR and Cloud Gaming applications of interest

· 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.

· Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios

· Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs 


In the last several meetings, the traffic model, evaluation assumptions and methodologies of XR services are extensively discussed. Based on these discussion and agreements, in this contribution, we provide our initial performance evaluation results for XR. 
2 System capacity evaluation 
2.1 Evaluation scenarios and assumptions
Most evaluation assumptions used in our evaluation follows the agreements which have been made in the previous RAN1 meetings. In this contributions, the evaluation focuses on the DL system capacity of VR/AR video streams in FR1. A single DL video stream is assumed for each UE, and the detailed traffic model parameters are shown in table I in the appendix. 

Compared with our previous evaluation results submitted in [2], in addition to Dense Urban scenario, the evaluation results of Indoor Hotspot scenario are further provided. The detailed simulation parameters are shown in Table II in the appendix. All the evaluation parameters follow the existing agreements. 32 Tx RUs are assumed for BS antenna configuration.
TDD configuration DDDSU (option 1) has been assumed in the evaluation, and 100MHz system bandwidth is assumed. The UEs are scattered in the whole evaluation area for each drop.
In the evaluation, if a packet is considered as lost when it has exceeded the PDB, the packet will still be delivered to the other side (option 1). 
In the evaluation, reciprocity based precoding and SU MIMO PF scheduler is used. 8 ms DL NACK to retransmission delay is assumed. 2 symbols PDCCH overhead is assumed and 1 symbol DMRS is assumed. The maximum HARQ transmission number is assumed to be 4. 
2.2 Evaluation results

The DL system capacity evaluation results in dense urban scenario and indoor hotspot scenario with VR/AR traffic model and CG traffic model of each UE are shown in the Table 1 and Table II. For VR/AR traffic model, both 30Mbp and 45Mbps data rate are evaluated. A UE is declared a satisfied UE if more than 99 percentage of packets are successfully delivered within a given air interface PDB. According to the agreement, system capacity is defined as the maximum number of users per cell with at least 90% of UEs being satisfied (baseline). 
Dense Urban scenario
Table 1. FR1 DL capacity simulation results in Dense Urban scenario
	Traffic model
	#UEs per cell
	Satisfied UE%
	Average latency (ms)

	AR/VR: 45Mbps, 60FPS, 10ms PDB
	3
	99.59
	2.1

	
	4
	96.71
	2.6

	
	5
	92.08
	2.9

	
	6
	81.42
	3.4

	AR/VR: 30Mbps, 60FPS, 10ms PDB
	5
	99.55
	2.3

	
	6
	98.89
	2.5

	
	7
	90.13
	2.9

	
	8
	81.63
	3.1

	CG: 30Mbps, 60FPS, 15ms PDB
	6
	100
	2.6

	
	7
	96.34
	2.9

	
	8
	91.92
	3.2

	
	9
	83.27
	3.5


For dense urban scenario, it can be observed that for AR/VR traffic with 10ms PDB, when the data rate is 45Mbps, the DL system capacity is 5 UEs per cell; when the data rate is 30Mbps, the DL system capacity is 7 UEs per cell. For CG traffic model with 15ms PDB, when the data rate is 30Mbps, the DL system capacity is 8 UEs per cell. According to the evaluation results, we can make the following observation:

Observation 1: In FR1, in dense urban scenarios, for XR/VR DL video stream with 60 fps and PDB=10ms, 

- If the average data rate is 45Mbps, the capacity is about 5 user/cell;

- If the average data rate is 30Mbps, the capacity is about 7 user/cell;

Observation 2: In FR1, in dense urban scenarios, for CG DL video stream with 60 fps, average data rate is 30Mbps and PDB=15ms in dense urban scenarios, the capacity is about 8 user/cell.
Indoor Hotspot scenario
Table II. FR1 DL capacity simulation results in Indoor Hotspot scenario

	Traffic model
	#UEs per cell
	Satisfied UE%
	Average latency (ms)

	AR/VR: 45Mbps, 60FPS, 10ms PDB
	4
	98.51
	2.3

	
	5
	93.25
	2.6

	
	6
	86.09
	3.0

	
	7
	71.86
	3.3

	AR/VR: 30Mbps, 60FPS, 10ms PDB
	6
	95.34
	2.5

	
	7
	91.82
	2.7

	
	8
	83.31
	2.9

	
	9
	74.70
	3.0

	CG: 30Mbps, 60FPS, 15ms PDB
	7
	98.90
	2.7

	
	8
	93.54
	3.0

	
	9
	88.10
	3.2

	
	10
	82.39
	3.3


For indoor hotspot scenario, it can be observed that for AR/VR traffic with 10ms PDB, when the data rate is 45Mbps, the DL system capacity is 5 UEs per cell; when the data rate is 30Mbps, the DL system capacity is 7 UEs per cell. For CG traffic model with 15ms PDB, when the data rate is 30Mbps, the DL system capacity is 8 UEs per cell. According to the evaluation results, we can make the following observation:

Observation 3: In FR1, in indoor hotspot scenarios, for XR/VR DL video stream with 60 fps and PDB=10ms, 

- If the average data rate is 45Mbps, the capacity is about 5 user/cell;

- If the average data rate is 30Mbps, the capacity is about 7 user/cell;

Observation 4: In FR1, in indoor hotspot scenarios, for CG DL video stream with 60 fps, average data rate is 30Mbps and PDB=15ms in dense urban scenarios, the capacity is about 8 user/cell.
3 Power consumption evaluation 

3.1 Evaluation scenarios and assumptions

In the evaluations for power consumption, only downlink VR/AR/CG traffic is modelled. The power consumption model of PDCCH-only, PDCCH+PDSCH and sleep state in TR 38.840 are used, and the power consumption in each state including PDCCH-only, PDCCH+PDSCH, PUCCH for HARQ-ACK/NACK and different states of sleep are counted. In our evaluations, it is assumed that power value for S slot is same as that for DL slot. For simplicity, it is assumed that the power value of PUCCH for HARQ-ACK/NACK is the value of long PUCCH at 23dBm.
Two power consumption cases are evaluated:
- Always on (baseline): without adopting any power saving schemes;

- Genius (as upper bound): 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.
Different traffic load assumptions are evaluated including low and high. For low traffic load, the number of UEs per cell is set to be the half of system capacity as evaluated in section 2; and for high traffic load, the number of UEs per cell is set to be the system capacity.
3.2 Evaluation results

The evaluation results of dense urban scenario with different DL VR/AR and CG traffic models are shown in Table III.
Table III. FR1 power consumption results in Dense Urban scenario with DL VR/AR of 30Mbps/60fps
	Traffic
	Traffic load
	PS scheme
	#UEs per cell
	Satisfied UE%
	Average power consumption of all UEs
	Average PSG of all UEs
	Average power consumption of satisfied UEs
	Average PSG of satisfied UEs

	VR/AR, 45Mbps, 60fps
	Medium
	Baseline
	3
	99.34%
	127.93
	N.A.
	127.7
	N.A.

	
	Medium
	Genius
	3
	99.34%
	71.99
	43.73%
	71.72
	43.84%

	
	High
	Baseline
	5
	92.08%
	136.39
	N.A.
	134.35
	N.A.

	
	High
	Genius
	5
	92.08%
	82.45
	39.55%
	80.06
	40.41%

	VR/AR, 30Mbps, 60fps
	Medium
	Baseline
	4
	99.5%
	126.97
	N.A.
	126.86
	N.A.

	
	Medium
	Genius
	4
	99.5%
	70.8
	44.24%
	70.72
	44.29%

	
	High
	Baseline
	7
	90.13%
	134.20
	N.A.
	132.46
	N.A.

	
	High
	Genius
	7
	90.13%
	78.22
	41.71%
	76.31
	42.39%

	CG, 30Mbps, 60fps
	Medium
	Baseline
	4
	100%
	126.97
	N.A.
	126.97
	N.A.

	
	Medium
	Genius
	4
	100%
	70.8
	44.24%
	70.8
	44.24%

	
	High
	Baseline
	8
	91.92%
	136.34
	N.A.
	135.1
	N.A. 

	
	High
	Genius
	8
	91.92%
	82.03
	39.83%
	80.83
	40.17%


According to the evaluation results, the following observations can be made:
Observation 5: In FR1 dense urban scenario, with DL VR/AR video stream of 45Mbps and 60fps, the power consumption gain of genius scheme is (43.73%, 43.84%) for low traffic load and (39.55%, 40.41%) for high traffic load, of all UEs and satisfied UEs.
Observation 6: In FR1 dense urban scenario, with DL VR/AR video stream of 30Mbps and 60fps, the power consumption gain of genius scheme is (44.24%, 44.29%) for low traffic load and (41.47%, 42.39%) for high traffic load, of all UEs and satisfied UEs.
Observation 7: In FR1 dense urban scenario, with DL CG video stream of 30Mbps and 60fps, the power consumption gain of genius scheme is (44.24%, 44.24%) for low traffic load and (39.83%, 40.17%) for high traffic load, of all UEs and satisfied UEs.
4 Conclusion
In this contribution, we provide our initial evaluation results for XR services on system capacity.  Based on the evaluation, our observations are as follows:
Observation 1: In FR1, in dense urban scenarios, for XR/VR DL video stream with 60 fps and PDB=10ms, 

- If the average data rate is 45Mbps, the capacity is about 5 user/cell;

- If the average data rate is 30Mbps, the capacity is about 7 user/cell;

Observation 2: In FR1, in dense urban scenarios, for CG DL video stream with 60 fps, average data rate is 30Mbps and PDB=15ms in dense urban scenarios, the capacity is about 8 user/cell.
Observation 3: In FR1, in indoor hotspot scenarios, for XR/VR DL video stream with 60 fps and PDB=10ms, 

- If the average data rate is 45Mbps, the capacity is about 5 user/cell;

- If the average data rate is 30Mbps, the capacity is about 7 user/cell;

Observation 4: In FR1, in indoor hotspot scenarios, for CG DL video stream with 60 fps, average data rate is 30Mbps and PDB=15ms in dense urban scenarios, the capacity is about 8 user/cell.
Observation 5: In FR1 dense urban scenario, with DL VR/AR video stream of 45Mbps and 60fps, the power consumption gain of genius scheme is (43.73%, 43.84%) for low traffic load and (39.55%, 40.41%) for high traffic load, of all UEs and satisfied UEs.
Observation 6: In FR1 dense urban scenario, with DL VR/AR video stream of 30Mbps and 60fps, the power consumption gain of genius scheme is (44.24%, 44.29%) for low traffic load and (41.47%, 42.39%) for high traffic load, of all UEs and satisfied UEs.
Observation 7: In FR1 dense urban scenario, with DL CG video stream of 30Mbps and 60fps, the power consumption gain of genius scheme is (44.24%, 44.24%) for low traffic load and (39.83%, 40.17%) for high traffic load, of all UEs and satisfied UEs.
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Appendix
Table I: DL video traffic model parameters

	Traffic model
	AR/VR
	CG

	Data rate (Mbps)
	45
	30
	30

	Packet size distribution
	Truncated Gaussian distribution

	Mean packet size (Bytes)
	93750
	62500
	62500

	STD of packet sizes (Bytes)
	9844
	6562
	6562

	Maximum packet size (Bytes)
	140625
	93750
	93750

	Minimum packet size (Bytes)
	46875
	31250
	31250

	Packet arrival interval (ms)
	16.67

	Packet delay budget (ms)
	10
	15

	Jitter distribution
	Truncated Gaussian distribution

	Jitter Mean (ms)
	0

	Jitter STD (ms)
	2

	Jitter Range (ms)

	[-4, 4]


Table II: evaluation assumptions for Dense Urban and Indoor Hotspot
	Parameter
	Indoor Hotspot parameters
	Dense urban parameters

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

	Carrier frequency
	FR1: 4 GHz

	Subcarrier spacing
	FR1: 30 kHz

	BS height
	3m
	25m

	UE height
	hUT=1.5 m

	BS noise figure
	FR1: 5 dB

	UE noise figure
	FR1: 9 dB

	UE speed
	3 km/h

	MCS
	Up to 256QAM

	BS antenna configuration
	FR1,InH,32TxRU(4,4,2,1,1:4,4)
	FR1,DU/UMa, 32TxRU, (8,2,2,1,1:8,2)

	UE antenna configuration
	FR1,2T4R


