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Introduction
In 3GPP TSG RAN1#105-e meeting, the baseline traffic models for DL and UL, respectively, were discussed and the corresponding agreements are given in [1].
Based on the baseline traffic model and evaluation methodologies/assumptions, we present some performance evaluation results for XR in terms of capacity and power saving gain in different scenarios. Moreover, simulation results of preemption scheme for XR enhancement is also presented.  
FR1 Evaluations 
[bookmark: OLE_LINK8]In this section, the system performance of capacity, power consumption of FR1 are evaluated. 
In RAN1#105-e meeting, the baseline single stream models for DL video stream are agreed as follows.
	Agreement:
When companies are submitting evaluation results to RAN1, it is recommended to submit results at least the following parameters in the below table.
Note 1: This is only intended to have more results from more companies at least for the corresponding configuration. RAN1 agreements regarding baseline vs. optional for simulation scenarios, configurations, parameters, remain the same.  
Note 2: Companies are encouraged to submit results for other baseline/optional configurations as much as they can. 
	
	
	Data rate 
[Mbps]
	Packet arrival rate
[fps]
	PDB
[ms]

	DL
	AR/VR
	30
	60
	10

	
	CG
	30
	60
	15

	UL
	VR/CG: Pose/control
	0.2
	250
	10

	
	AR: Option 1 (single stream model)
	10
	60
	30


· 


Therefore, 2 basic DL traffic models for VR/AR and CG can be obtained in Table 1 as follows, respectively.
Table 1 Summary of baseline traffic model
	Traffic Model No.
	Configurations

	TM1
	30Mbps@60FPS, 10ms

	TM2
	30Mbps@60FPS, 15ms


Furthermore, in RAN1#104bis-e meeting, the relationships between the variance/maximum/minimum packet size w.r.t the mean of truncated Gaussian distribution have been determined as follows.
	Agreement: 
Parameters of Truncated Gaussian distribution for packet size of DL video stream in case of single stream evaluation (note: these parameter values are those before the truncation):
· [STD, Max, Min]: [10.5, 150, 50]% of Mean packet size
· Other values that can be used for evaluation: [STD, Max, Min] = [4, 112, 88] % of Mean for single eye buffer, [3, 109, 91] % of Mean for dual eye buffer
· FFS: Whether and how to evaluate single eye and dual eye buffer
· Note: Companies report the values used in their simulation results.
· Note: There is no consensus that the [10.5, 150, 50]% of mean packet size is the best set of parameters


In our evaluations, [10.5, 150, 50]% and [3, 109, 91%]standard deviation/maximum/minimum packet size w.r.t mean packet size ratios are both considered.
For the KPI of single stream per UE in DL, RAN1 has the following agreement in RAN1#104bis-e meeting.
	Agreement:
In case of single stream per UE in DL, a UE is declared a satisfied UE if more than X (%) of packets are successfully delivered within a given air interface PDB. 
· The baseline X value is 99. 
· Other values of X can be optionally evaluated, e.g., X < = 95, X=99.9. 
· Additional combinations of (X, PDB) values can be optionally evaluated, e.g., 
· (99, 7), (95, 13) for VR/AR
· (99, 12), (95, 18) for CG
FFS: Different values for I-frame and P-frame if evaluation of them is agreed.


Hence, in our evaluations, baseline value X = 99, is considered as packet success rate. 
In addition, jitter was also considered in our downlink capacity evaluation. According to the agreement of jitter in RAN1#104e meeting, parameters of jitter distribution are shown in Table 2. 
[bookmark: _Ref7605]Table 2 Jitter model
	Mean
	STD
	Max delay
	Min delay

	0(ms)
	2(ms)
	4(ms)
	-4(ms)


The parameters of FR1 evaluation are listed in Appendix A.
Capacity
The traffic models TM, TM2 are used for downlink capacity evaluations, while traffic models for Pose/Control and AR video are considered in uplink capacity evaluation.
2.1.1  Single Stream for DL FR1
We firstly provide the evaluation results for the relationship of standard deviation/maximum/minimum packet size w.r.t [10.5, 150, 50]% of mean packet size.
Table 3 Summary of parameters for truncated Gaussian distribution of packet size using [10.5, 150, 50]% relationship.
	Traffic Model No.
	Mean (Byte)
	STD (Byte)
	Maximum (Byte)
	Minimum (Byte)

	TM1
	62500
	6563
	93750
	31250

	TM2
	62500
	6563
	93750
	31250


The simulation parameters are listed in Table A.1 in Appendix A. The system simulation results for the traffic model in Table 3 in indoor Hotspot, Dense Urban and Urban Macro are presented in Figure 1, Figure 2 and Figure 3, respectively.
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Figure 1 Capacity simulation results in indoor Hotspots scenario ([10.5, 150, 50]%).
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Figure 2 Capacity simulation results in Dense Urban scenario ([10.5, 150, 50]%).
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Figure 3 Capacity simulation results in Urban Marco scenario ([10.5, 150, 50]%).
According to the results in Figure 1, it is found out there are 11.4 UEs for TM1 and 12.9 UEs for TM2 per cell meet the capacity requirement in Indoor Hotspot scenario, respectively. 
According to the results in Figure 2, it is found out there are 12.5 UEs for TM1 and 14.7 UEs for TM2 per cell meet the capacity requirement in Dense Urban scenario, respectively.
According to the results in Figure 3, it is found out there are 10.0 UEs for TM1 and 11.6 UEs for TM2 per cell meet the capacity requirement in Urban Marco scenario, respectively.
Based on the analysis above, we can summarize the following observation of capacity results:
[bookmark: _Toc79216212]For the traffic model with (STD, MAX, MIN) = [10.5, 150, 50]% *mean packet size, the capacity results can be summarized as follows
	Traffic model No.
	Satisfied UE Number

	
	Indoor Hotspot
	Dense Urban
	Urban Marco

	TM1
	11.4
	12.5
	10.0

	TM2
	12.9
	14.7
	11.6


Then, we offer the evaluation results for the relationship of standard deviation/maximum/minimum packet size w.r.t [3, 109, 91]% of mean packet size.
Table 4 Summary of parameters for truncated Gaussian distribution of packet size using [3, 109, 91]% relationship
	Traffic Model No.
	Mean (Byte)
	STD (Byte)
	Maximum (Byte)
	Minimum (Byte)

	TM1
	62500
	1875
	68125
	56875

	TM2
	62500
	1875
	68125
	56875


The simulation parameters are listed in Table A.1 in Appendix A. As a result, the system simulation results for the traffic model in Table 4 in indoor Hotspot and Dense Urban are presented in Figure 4 and Figure 5, respectively.
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Figure 4 Capacity simulation results in indoor Hotspots scenario ([3, 109, 91]%).
	[image: ]
	[image: ]

	(a)Capacity
	(b) RU


Figure 5 Capacity simulation results in Dense Urban scenario ([3, 109, 91]%).
According to the results in Figure 4, it is found out there are 11.8 UEs for TM1 and 13.3 UEs for TM2 per cell meet the capacity requirement in Indoor Hotspot scenario, respectively. 
According to the results in Figure 5, it is found out there are 13.7 UEs for TM1 and 14.8 UEs for TM2 per cell meet the capacity requirement in Dense Urban scenario, respectively.
Based on the analysis above, we can summarize the following observation of capacity results:
[bookmark: _Toc79216213]For the traffic model with (STD, MAX, MIN) = [3, 109, 91]% *mean packet size, the capacity results can be summarized as follows
	Traffic model No.
	Satisfied UE Number

	
	Indoor Hotspot
	Dense Urban

	TM1
	11.8
	13.3

	TM2
	13.7
	14.8


[bookmark: _Toc79216214]Some performance difference can be observed under different traffic model ratios
2.1.2  Multiple Streams for DL FR1
In RAN1#105-e meeting, the baseline simulation scenario and candidate parameters for I / P-frame are shown as follows.
	Agreement:
For the optional evaluation scenario, two streams of I-frame and P-frame for DL video stream (option 1), the traffic models described in the below table are assumed. 
· FFS: Parameter values of , A, B, C, D, E, F, G, H 
· Including the possibility of using multiple set of parameter values
· For companies who are evaluating this option, it is recommended to evaluate at least the following scenario: AR/VR, 30Mbps, Dense Urban for FR1 and InH for FR2.  It is encouraged to evaluate additional baseline/optional scenarios/configurations. 
	Two data streams, i.e. M1 = 2
	Option 1A: slice-based
	Option 1B: GOP-based

	
	I-stream
	P-stream
	I-stream
	P-stream

	Packet modelling
	Slice-level
	Frame-level

	Traffic pattern
	Both streams are periodic at 60 fps with the same jitter model as for single stream. 
	Follow the GOP structure, where GOP size K = 8 with the same jitter model as for single stream.

	Number of packets per stream at a time
	1
	N-1
	I-frame: 1 or 0
P-frame: 0 or 1
At each time instant, there is either only one I-stream packet or only one P-stream packet

	
	N = 8: the number of slices per frame.
	

	Average data rate per stream
	
	
	 
	 

	
	R: average data rate of a single stream video
: average size ratio between one I-frame/slice and one P-frame/slice, e.g.  = 1.5, 2, 3

	Packet size distribution
	Truncated Gaussian distribution

	
	Mean = 
	Mean = 
	Mean = 
	Mean =  

	
	[STD, Max, Min]: [10.5, 150, 50]% of Mean packet size
FPS is the frame rate of the single stream video

	PER, PDB
	[PER_I, PER_P] = [A %, B %]
[PDB_I, PDB_P] = [C ms, D ms]
	[PER_I, PER_P] = [E %, F %]
[PDB_I, PDB_P] = [G ms, H ms]


· 


According to our contribution [2], the group of picture (GoP)-based traffic model and slice-based traffic model for AR/VR 30Mbps in FR1 Dense Urban scenario, have been evaluated. The evaluation parameters are list in Table A.1 in Appendix A. And the parameters of group of picture (GoP)-based and slice-based traffic model is given as follows.
Table 5 Summary of parameters for I/P stream modelling
	Application
	AR/VR

	Two stream data
	Stream #1: I-frame
Stream #2: P-frame

	
	Option 1 Sliced-based
	Option 2: Frame-based (GoP)

	Structure
	A frame consists of:
Number of Stream #1: 1
Number of Stream #2: 7
	A GoP consists of:
Number of Stream #1: 1
Number of Stream #2: 7

	Frame per second
	Stream #1: 60FPS
Stream #2: 60FPS
	Stream #1 + Stream #2 = 60FPS

	Average packet size ratio
	Stream #1 : Stream #2 = 2:1

	(PSR, PDB)
	Stream #1: (99%, 20ms)
Stream #2: (90%, 20ms)
	Stream #1: (99%, 10ms)
Stream #2: (90%, 10ms)


The evaluation results of multiple stream traffic models are shown in the following:
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Figure 6 Capacity for GoP-based and Slice-based traffic model in FR1 Dense Urban scenario.
According to the results in Figure 6, it is found out there are 14.5 UEs for GoP-based traffic model and 16.4 UEs for sliced-based traffic model per cell meet the capacity requirement in Dense Urban scenario, respectively.
Based on the analysis above, we can summarize the following observation of capacity results:
[bookmark: _Toc79216215]For I-stream and P-stream information delivering, the capacity results can be summarized as follows
	Multiple Stream Modelling
	Satisfied UE Number

	GoP-based
	14.5

	Slice-based
	16.4



2.1.3  Single Stream for UL Traffic
· [bookmark: OLE_LINK5]Pose / Control
In uplink simulation, pose/control information delivering is evaluated. According to [1], traffic model of uplink interaction/pose information has been determined as follows. 
	· Traffic model for Pose/control 
· Periodic: 4ms (no jitter) 
· Other values can be optionally evaluated. 
· Fixed: 100 bytes (SA4 input)
· PDB: 10 ms


The simulation parameters are listed in Table A.2 in Appendix A. The capacity evaluation results in Indoor Hotspot scenario are shown in Figure 7.
	[bookmark: _Ref17297][image: ]


Figure 7 Capacity simulation results of pose/control traffic model in UL Indoor Hotspot scenario
According to uplink simulation results in Figure 7, it can be observed that larger than 40 UEs per cell are able to achieve the capacity requirement in Indoor Hotspot scenario, when pose/control traffic model is considered.
[bookmark: _Toc79216216]For uplink evaluation of pose/control information delivering, more than 40 UEs per cell could be supported in Indoor Hotspot scenario.
· Video for UL AR
According to the agreement for UL AR video in RAN1#105-e meeting, the PDB value of the single stream in UL AR has been determined as follows.
	Agreement 
PDB value of the stream in UL AR aggregating streams of scene, video, data, and audio, i.e., Option 2, Stream 2 in Option 1, and Stream 2 in Option 3. 
· 30ms (baseline), 10/15/60ms (optional)


Hence, parameters of the model of UL AR video stream are listed in Table 6.
Table 6 Single Stream model parameters
	Parameters
	Values

	Data rate
	10Mbps

	Periodicity
	60fps

	Mean packet size
	 20833 Byte

	Standard deviation
	2188 Byte

	Maximum packet size
	31250 Byte

	Minimum packet size
	10417 Byte

	Packet delay budget
	30ms
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Figure 8 Capacity simulation results of traffic model in Table 6 in UL Dense Urban scenario
According to uplink simulation results in Figure 8, it can be observed that 2.1 UEs per cell are able to achieve the capacity requirement in Dense Urban scenario, when UL AR video stream is considered.
[bookmark: _Toc79216217]For uplink evaluation of UL AR video information delivering, 2.1 UEs per cell could be supported in Dense Urban scenario.

Power consumption
As discussed in [3], power consumption is one important KPI of XR. In this section, power consumption evaluation results are provided. In line with the previous meeting’s agreement, the following assumptions are adopted in performance evaluation of power consumption.
· The power consumption results for both all UEs and only satisfied UEs is counted separately to comprehensively evaluate XR power performance. 
· Both linear interpolation method and only two Tx power values as defined in TR 38.840 are used separately to count UL power.
· Linear interpolation method: the power of UL slot is calculated according to the following function:


Tx_power is the Tx power values in one slot.
· M=20dBm is used if only two Tx power values as defined in TR 38.840
· Using the power model of 0 dBm for UE with transmission power less than 0 dBm.
· DL and UL are evaluated independently, since DL and UL simulation provide DL and UL power state separately, the total power is obtained by recombining DL and UL slot power states as discussed in [4]. Single stream of video with jitter is used in DL and pose/control traffic model is used for UL evaluation. UE can transmit UL data in UL slots even if UE is in “DRX off” state.
· The same number of UE per cell are used in baseline and power saving schemes and the results with baseline capacity are reported.
· The power consumption of CSI and SRS are not considered. The power models are shown in Table B.1 and B.2 in Appendix B.
In this section, the following two schemes are evaluated:
· Baseline (Always On): No power saving technique is applied, that is, UE is always in Active Time.
· Enhanced DRX mechanism (eCDRX): The enhanced CDRX is a scheme which drx-startoffset changes dynamically and UE can wake up at an additional active window during DRX off state. The details of eCDRX can be find in [3].
· The dynamic change of drx-startoffset can be triggered 1) periodically, i.e., drx-startoffset changes every 100ms, 2) if UE receives a change indication
· The additional active window can be triggered if 1) UE does not receive any data during the DRX ON period, 2) UE receives a trigger indication.
In the following power consumption evaluation, the DRX settings are captured in Table 7. 
Table 7 DRX settings
	
	DRX cycle
	Drx-onDurationTimer
	Drx-inactivityTimer
	Drx-RetransmissionTimer

	DRX setting (ms)
	16
	6
	3
	3


The traffic models used for power consumption evaluation are presented in Table 8.
Table 8 Traffic models for power consumption evaluation
	Traffic Model No.
	Mean (Byte)
	STD (Byte)
	Maximum (Byte)
	Minimum (Byte)
	PDB
(ms)

	TM1-1
	62500
	6563
	93750
	31250
	10

	TM1-2
	62500
	1875
	68125
	56875
	10

	TM2
	62500
	6563
	93750
	31250
	15

	TM3
	93750
	9844
	140625
	46875
	10


The results of VR traffic with 10ms PDB are shown in Table 9-11. The results of CG traffic with 15ms PDB are shown in Table 12.
Table 9 FR1 power consumption results in Indoor Hotspot scenario(TM1-1)
	Power Saving Scheme
	#UEs per cell
	Percentage of satisfied UE
	Type of counted UEs
	Mean power
	Mean PS gain compared to Case 1

	
	
	
	
	linear
	step
	linear
	step

	Case 1
Always On
	11
	93.18%
	All UE
	150
	150.2
	/
	/

	
	
	
	Satisfied UE
	149
	149.2
	/
	/

	
	10
	93%
	All UE
	151.4
	151.6
	/
	/

	
	
	
	Satisfied UE
	150.3
	150.5
	/
	/

	eCDRX
	11
	83%
	All UE
	117.2
	117.4
	22.6%
	22.6%

	
	
	
	Satisfied UE
	113.9
	114
	24.2%
	24.3%

	
	10
	85.83%
	All UE
	118.9
	119.1
	21.5%
	21.4%

	
	
	
	Satisfied UE
	114.9
	115
	23.6%
	23.6%



Table 10 FR1 power consumption results in Indoor Hotspot scenario(TM1-2)
	Power Saving Scheme
	#UEs per cell
	Percentage of satisfied UE
	Type of counted UEs
	Mean power
	Mean PS gain compared to Case 1

	
	
	
	
	linear
	step
	linear
	step

	Case 1
Always On
	11
	93.2%
	All UE
	150.5
	150.6
	/
	/

	
	
	
	Satisfied UE
	149.2
	149.3
	/
	/

	
	10
	93.3%
	All UE
	148.9
	149
	/
	/

	
	
	
	Satisfied UE
	147.9
	148
	/
	/

	eCDRX
	11
	85.6%
	All UE
	114.9
	115.1
	23.6%
	23.6%

	
	
	
	Satisfied UE
	117.6
	117.8
	21.2%
	21.1%

	
	10
	90.3%
	All UE
	115.5
	115.7
	22.4%
	22.4%

	
	
	
	Satisfied UE
	113.7
	113.9
	23.1%
	23%



Table 11 FR1 power consumption results in Indoor Hotspot scenario(TM3)
	Power Saving Scheme
	#UEs per cell
	Percentage of satisfied UE
	Type of counted UEs
	Mean power
	Mean PS gain compared to Case 1

	
	
	
	
	linear
	step
	linear
	step

	Case 1
Always On
	7
	91%
	All UE
	140
	140
	/
	/

	
	
	
	Satisfied UE
	138.6
	138.5
	/
	/

	eCDRX
	7
	81%
	All UE
	110.1
	110.2
	21.4%
	21.3%

	
	
	
	Satisfied UE
	107.5
	107.5
	22.5%
	22.4%


According to the above simulation results, 21%-24% power saving gain can be provided by eCDRX for VR traffic.The percentage of satisfied UE decreases by 8%-10% compared with baseline capacity. And the percentage of satisfied UE decreases little if the number of UE per cell is configured less than the baseline capacity.
[bookmark: _Toc79216218] 21%-24% power saving gain can be provided by eCDRX for VR traffic in DL.
[bookmark: _Toc79216219]The percentage of satisfied UE using eCDRX decreases by 8%-10% compared with baseline capacity for VR traffic in DL.
[bookmark: _Toc79216220]The difference between power consumption results for all UEs and the counterpart for only satisfied UEs is small.
Table 12 FR1 power consumption results in Indoor Hotspot scenario for CG(TM2)
	Power Saving Scheme
	#UEs per cell
	Percentage of satisfied UE
	Type of counted UEs
	Mean power
	Mean PS gain compared to Case 1

	
	
	
	
	linear
	step
	linear
	step

	Case 1
Always On
	12
	96.53%
	All UE
	151.2
	151.4
	/
	/

	
	
	
	Satisfied UE
	150.5
	150.6
	/
	/

	eCDRX
	12
	88.19%
	All UE
	118.9
	119.1
	21.4%
	21.3%

	
	
	
	Satisfied UE
	116.2
	116.4
	22.8%
	22.7%


According to the simulation results for CG in Table 12, the following can be observed:
[bookmark: _Toc79216221]eCDRX can provide approximately 21% power saving gain with a little capacity loss for CG traffic in DL.
FR2 Evaluations 
For FR2, TM1 and TM2 are used for downlink capacity evaluation. The simulation parameters are listed in Table A.3 in Appendix A. As a result, the capacity evaluation results for Indoor Hotspot scenarios in FR2 are shown in Figure 12.
	[bookmark: _Ref17271][image: ]


[bookmark: OLE_LINK3]Figure 9 Capacity simulation results in indoor Hotspots scenario
According to simulation results in Figure 9, it can be observed that 7.8 UEs per cell for TM1 and 9.9 UEs per cell for TM2 are able to achieve the capacity requirement in Indoor Hotspot scenario.
Based on the analysis above, we can summarize the following observation of capacity results for FR2:
[bookmark: _Ref53480440][bookmark: _Ref61898507][bookmark: _Toc79216222]For DL XR traffic in FR2, the capacity results can be summarized as follows
	Traffic model No.
	#% of satisfied UE in Indoor Hotspot

	TM1
	 7.8

	TM2
	9.9



Enhancement for XR
In this section, we introduce the preemption scheme beyond Rel-15 preemption scheme to enhance the system capacity. Considering the case when the existing network starts to carry the XR service, the network is likely to encounter severe challenges. This is not only caused by the characteristic of XR service itself, but may also be caused by the coexistence of the XR service with other existing services including eMBB, uRLLC and so on.
In order to implement preemption scheme, uRLLC traffic and XR traffic are considered to be the two types of traffic for transmitting in the system, where uRLLC traffic has a high priority (HP) while XR traffic has a relatively low priority (LP). According to [1], [5]-[8], the parameters of two traffic models are shown as follows.
Table 13 Parameters of two types of traffic
	Traffic description
	Packet size
	Periodicity
	PER
	PDB
	Priority

	Rel-15 enabled use case (e.g. AR/VR)
	Fixed 4096 byte
	2 ms
	0.1%
	7ms
	1

	XR: Cloud Gaming
	30Mbps, truncate Gaussian distribution
	16.67 ms
	1%
	15ms
	0


It is necessary to clarify that the number of UE transmitting XR traffic is dominating, while some of UE transmitting uRLLC are considered in the system. In order to simulate the preemption case, the evaluation scenario is assumed that the scheduling collision occurs frequently. Then we are able to analysis the performance difference between the preemption scheme and the scheme just delaying some of UEs in collision. Moreover, without loss of generality, the scheduling collision randomly occurs in some RBs or some subbands. As a result, preemption also happens randomly.
In the receiver, DCI format 2_1 is utilized to indicate the preemption area of PDSCH1 belonging to LP UE. The PDSCH1 expect the preemption area, that is PDSCH2 belonging to HP UE, is still used for decoding or re-transmission combination. According to the scenario we construct, we have considered three schemes:
· Case1: Preemption when scheduling collision occurs and precise indication for DCI format 2_1 is considered. The DCI format 2_1 is capable of precisely indicating the time and frequency domain of preemption area of PDSCH1
· Case2: Preemption when scheduling collision occurs and Rel-15 indication for DCI format 2_1 is considered. The DCI format 2_1 just indicates the time domain of preemption area of PDSCH1 while the frequency domain of the preemption area of PDSCH1 is the whole bandwidth part [9].
· Case3: Scheduling uRLLC traffic and delaying XR traffic when collision occurs.
These three cases are based on single-user proportional fair scheduler. And the illustration of Case 1 and Case 2 is shown as following:
	[image: Case1指示方式]
	[image: Case2指示方式]

	(a)Case 1
	(b) Case 2


Figure 10 Preemption area indication of Case 1 and Case 2.
Last but not least, from Figure 11, preemption ratio should be determined to compare the indicating difference between Case 1 and Case 2. Assuming the case that the preempted area of XR occupies 4 symbols and the ratio between preempted resource elements and total resource elements is 5%, the preemption indication scheme for Case 1 can precisely indicate the 5% preempted resource, while that for Case 2 roughly indicates the 30% preempted resource, given 12 symbols for PDSCH. 
[image: Preemption比例说明]
Figure 11 Preemption ratio between Case 1 and Case 2, given the actual preemption area is 5% of the whole PDSCH1 and 4-symbol occupation.
In our evaluation, we have provided the percentage of satisfied UEs that transmit XR traffic, since the capacity of UEs transmitting uRLLC is guaranteed and the bottleneck of system capacity performance is on the UEs that transmit XR traffic. The evaluation results are shown in Figure 12.
	[image: ]


Figure 12 XR traffic capacity performance of three different preemption indication case.
[bookmark: _Toc79216223]The XR capacity of preemption indication scheme for Case 1 can be improved by finer granularity indication as shown in Table 14
[bookmark: _Ref71468711]Table 14. Capacity of the different preemption indication scheme in FR1 Indoor Hotspot
	Preemption scheme
	Case 1
	Case 2
	Case 3

	Average number of supported users per cell
	8.6
	6.4
	6.0




[bookmark: _Toc82][bookmark: _Toc29400][bookmark: _Toc525][bookmark: _Toc29089]Conclusion
In this contribution, capacity results for single stream, multiple stream, power consumption results and preemption scheme for XR enhancement are presented, and we have the following observations:
Observation 1:	For the traffic model with (STD, MAX, MIN) = [10.5, 150, 50]% *mean packet size, the capacity results can be summarized as follows
Observation 2:	For the traffic model with (STD, MAX, MIN) = [3, 109, 91]% *mean packet size, the capacity results can be summarized as follows
Observation 3:	Some performance difference can be observed under different traffic model ratios
Observation 4:	For I-stream and P-stream information delivering, the capacity results can be summarized as follows
Observation 5:	For uplink evaluation of pose/control information delivering, more than 40 UEs per cell could be supported in Indoor Hotspot scenario.
Observation 6:	For uplink evaluation of UL AR video information delivering, 2.1 UEs per cell could be supported in Dense Urban scenario.
Observation 7:	21%-24% power saving gain can be provided by eCDRX for VR traffic in DL.
Observation 8:	The percentage of satisfied UE using eCDRX decreases by 8%-10% compared with baseline capacity for VR traffic in DL.
Observation 9:	The difference between power consumption results for all UEs and the counterpart for only satisfied UEs is small.
Observation 10:	eCDRX can provide approximately 21% power saving gain with a little capacity loss for CG traffic in DL.
Observation 11:	For DL XR traffic in FR2, the capacity results can be summarized as follows
Observation 12:	The XR capacity of preemption indication scheme for Case 1 can be improved by finer granularity indication as shown in Table 14
Table 14. Capacity of the different preemption indication scheme in FR1 Indoor Hotspot
	Preemption scheme
	Case 1
	Case 2
	Case 3

	Average number of supported users per cell
	8.6
	6.4
	6.0
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Appendix 
A Simulation Parameters
Table A.1 simulation parameters for FR1 DL
	Parameters
	Value

	Scenario
	Scenario-1: Indoor Hotspot
12 nodes in 50 m x 120 m
	Scenario-2: Dense Urban
hexagonal layout with 7, 3 Sectors
	Scenario-3: Urban Macro
hexagonal layout with 7, 3 Sectors

	Inter-BS distance
	20m
	200m
	500m

	Carrier frequency
	4 GHz

	Duplex Mode / Simulation bandwidth
	100 MHz

	SCS
	30KHz

	TDD pattern
	DDDSU

	BS Antenna Configuration
	32 Tx antenna ports, and (dH, dV) = (0.5λ, 0.5λ);
32TX:(M, N, P, Mg, Ng; Mp, Np) = (4,4, 2, 1, 1; 4, 4); 
The antenna tilt is 90 degrees.
	64 Tx antenna ports, and (dH, dV) = (0.5λ, 0.5λ);
64TX:(M, N, P, Mg, Ng; Mp, Np) = (8,8, 2, 1, 1; 4, 8); 
The antenna tilt is 12 degrees.

	UE Antenna Configuration
	4 Rx antenna ports, and Panel model 1: dH = 0.5λ
4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2);
	4 Rx antenna ports, and Panel model 1: dH = 0.5λ
4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2);

	Transmit Power
	24 dBm per 20M at TRP, and 23 dBm at UE
	44 dBm per 20M at TRP, and 23 dBm at UE

	BS Height
	3 m 
	25 m 

	UE Height
	1.5m
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)

	Antenna Element Gain
	5dBi for BS and 0 dBi for UE
	8dBi for BS and 0 dBi for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE distribution
	100% of users are indoor
Use 3km/h for modeling fading channel
	80% of users are indoor,20%of users are outdoor;
Use 3km/h for modeling fading channel

	Number of UEs per cell
	up to 15

	Scheduling Algorithm
	MU-MIMO+ PF

	HARQ/repetition
	HARQ retransmission

	Channel estimation
	Realist

	Target BLER
	10% for first transmission

	PHY processing delay
	UE PUSCH processing Capability #1,N1=10

	PDCCH overhead
	1/7(2symbols per 14symbol)

	DMRS overhead
	1 symbol per 14symbol

	BS receiver
	MMSE-IRC


[bookmark: _Ref9233][bookmark: OLE_LINK18][bookmark: OLE_LINK19]
Table A.2 Simulation assumption for FR1 UL
	Parameter
	value

	Scenarios
	Scenario-1: Indoor Hotspot 
12 nodes in 50 m x 120 m
	Scenario-2 : Dense Urban

	Carrier frequency
	4GHz

	Bandwidth 
	100 MHz

	Subcarrier spacing
	30 KHz

	Frame structure
	DDDSU (S: 10D:2G:2U) for UL interaction/pose information delivering

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 32R: (4,4,2,1,1;4,4)
(dH,dV) = (0.5, 0.5)λ
	For 64R: (8,8, 2, 1, 1; 4, 8)
(dH,dV)  = (0.5λ, 0.5λ);

	UE Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 2T: (1,1,2,1,1;1,1)
(dH, dV)=( 0.5, N/A)λ

	BS antenna pattern
	Ceiling-mount pattern, 5 dBi
	Ceiling-mount pattern, 8 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi
	Omnidirectional, 0 dBi

	UE max Power
	23 dBm 

	Power control
	[bookmark: OLE_LINK6][bookmark: OLE_LINK4]P0 = -80 dBm, alpha = 0.8

	Noise Figure
	5dB for BS and 9dB for UE

	Scheduler
	MU-MIMO+PF

	Device deployment
	100% indoor
	80% of users are indoor,20%of users are outdoor;
Use 3km/h for modeling fading channel

	Down-tilt
	90 degrees
	12 degrees

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Target BLER
	10% for first transmission

	UE speed
	3 km/h

	HARQ/repetition
	HARQ retransmission,Maximum number of retransmissions is 3

	PHY processing delay
	UE PUSCH processing Capability #1,N2=12

	DMRE overhead
	4RE



[bookmark: _Ref5654]Table A.3 simulation parameters for FR2 DL
	Parameters
	Value

	Scenario
	Scenario-1: Indoor Hotspot
12 nodes in 50 m x 120 m

	Inter-BS distance
	20m

	Carrier frequency
	30 GHz

	Duplex Mode / Simulation bandwidth
	100 MHz

	SCS
	120KHz

	TDD pattern
	DDDSU

	BS Antenna Configuration
	For 2T: (16,8,2,1,1;1,1)
(dH, dV)=(0.5, 0.5)λ

	UE Antenna Configuration
	For 4R/panel: (2,4,2,1,2;1,2)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ

	Transmit Power
	23 dBm per 80M at TRP, EIRP should not exceed 58 dBm

	Antenna Height
	3 m for BS and 1.5 m for UE

	Antenna Element Gain
	5dBi for BS and 5 dBi for UE

	Receiver Noise Figure
	7 dB for BS and 13dB for UE

	UE distribution
	100% of users are indoor
Use 3km/h for modeling fading channel

	Number of UEs per cell
	up to 10

	Scheduling Algorithm
	SU-MIMO+ PF

	HARQ/repetition
	HARQ retransmission，Maximum number of retransmissions is 3

	Channel estimation
	Realist

	Target BLER
	10% for first transmission

	PHY processing delay
	UE PUSCH processing Capability #1,N1=20

	PDCCH overhead
	1/7(2symbols per 14symbol)

	DMRS overhead
	1 symbol per 14symbol

	BS receiver
	MMSE-IRC



B Power model
Table B.1 Power model for DL
	Power state
	Relative Power(1 slot)

	PDCCH-only
	100

	PDCCH+PDSCH
	300

	Micro sleep
	45

	Light sleep
	20

	Deep sleep
	1



Table B.2 Power model for UL
	Power state
	Relative Power(1 slot)

	
	0dBm
	23dBm
	Other Tx power

	UL(long PUCCH or PUSCH)
	250
	700
	Obtained by linear function or step function

	PDCCH+PUSCH
	Sum(PDCCH-only, PUSCH)

	PDCCH+PDSCH+PUSCH
	Sum(PDCCH+PDSCH, PUSCH)


Note: Power model of “PDCCH+PUSCH” is the sum of “PDCCH-only” power consumption and “PUSCH” power consumption. Power model of “PDCCH+PDSCH+PUSCH” is the sum of “PDCCH+PDSCH” power consumption and “PUSCH” power consumption.
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