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1	Introduction
In [1], a new SI on evaluations for XR was agreed. In this contribution, we provide some initial system simulations for one particular scenario and highlight the impact of some factors that affect the capacity.
During RAN1#104bis-e, there was significant progress in defining the traffic models and evaluation methodology for XR evaluations. In this contribution, we will present initial simulation results using the agreed assumptions for the following cases:
· DL capacity in Dense Urban Macro for cloud gaming 
· DL capacity in Urban Macro for cloud gaming 
· DL capacity in Dense Urban Macro for VR 
· DL capacity in Urban Macro for VR 
· UL capacity in Dense Urban for the pose traffic model
· UL capacity in Urban Macro for the pose traffic model
· Power consumption in Dense Urban Macro
Note that for the traffic model parameters, we rely on the common baseline proposed in [2].
[bookmark: _Ref178064866]2	Discussion
2.1	DL capacity for cloud gaming
For cloud gaming, RAN1 agreed to use a frame-based model, where the frame sizes followed a truncated gaussian distribution. Also, there is frame level jitter, where the jitter follows a truncated gaussian distribution. 
For the evaluations in shown in this document, following parameters for frame size and jitter are used  
· Bit rate: 8Mbps
· Frame rate: 60fps
· Frame size distribution: 
· Mean: 16.7kB
· Standard deviation: 2.5kB
· Max frame size: 25kB 
· Min frame size: 8.33kB
· Jitter distribution:
· Mean: 0ms
· Standard deviation: 2ms
· Max: 4ms
· Min: -4ms
2.1.1	Dense urban
We have performed system simulations for the Dense Urban scenario for the CG traffic model above. The results are shown in Figure 1, for PDB=10ms and 15ms, and for 99% of video frames successfully delivered within the PDB. Detailed simulation assumption can be found in the appendix.
We have simulated this for 32 and 128 gNB antennas. 

[image: ]
[bookmark: _Ref68159687]Figure 1: Performance for CG in Dense Urban. 32 and 128 gNB antennas
We see that the performance clearly depends on the chosen PDB: the smaller the PDB, the smaller the capacity. If we define capacity as the maximum load where 90% of the users are satisfied, the capacities are around 11.8 and 15.8 users for 32 and 128 gNB antennas respectively.
2.1.2	Urban macro
We have performed system simulations for the Urban macro scenario for the CG traffic model above. The results are shown in Figure 1, for PDB=10ms and 15ms, and for 99% of video frames successfully delivered within the PDB. Detailed simulation assumption can be found in the appendix.
We have simulated this for 32 and 128 gNB antennas. 
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Figure 2: Performance for CG in Urban Macro. 32 and 128 gNB antennas
We see that the performance clearly depends on the chosen PDB: the smaller the PDB, the smaller the capacity. If we define capacity as the maximum load where 90% of the users are satisfied, the capacities are around 8.6 and 13.1 users for 32 and 128 gNB antennas respectively.
2.2	DL capacity for VR
For VR, RAN1 agreed to use a frame-based model, where the frame sizes followed a truncated gaussian distribution. Also, there is frame level jitter, where the jitter follows a truncated gaussian distribution. 
For the evaluations in shown in this document, following parameters for frame size and jitter are used  
· Bit rate: 30Mbps
· Frame rate: 60fps
· Frame size distribution: 
· Mean: 62.5kB
· Standard deviation: 6.56kB
· Max frame size: 93.8kB 
· Min frame size: 31.3kB
· Jitter distribution:
· Mean: 0ms
· Standard deviation: 2ms
· Max: 4ms
· Min: -4ms

2.1.1	Dense urban
We have performed system simulations for the Dense Urban scenario for the VR traffic model above. The results are shown in Figure 1, for PDB=10ms and 15ms, and for 99% of video frames successfully delivered within the PDB. Detailed simulation assumption can be found in the appendix.
We have simulated this for 32 and 128 gNB antennas. [image: ]
Figure 3: Performance for VR in Dense Urban. 32 and 128 gNB antennas
We see that the performance clearly depends on the chosen PDB: the smaller the PDB, the smaller the capacity. If we define capacity as the maximum load where 90% of the users are satisfied, the capacities are around 0.8 and 1.0 users/cell for 32 and 128 gNB antennas respectively.
2.3	Performance for pose traffic model
During RAN1#104-e, the pose traffic model was also discussed. This traffic model is meant to represent the traffic that is sent from an XR device to describe the movement of, e.g., an HMD, so that a game server can change the view displayed on the device. The traffic characterized by small but frequent packets transmitted in UL, each with a fixed size. The parameters of the used traffic model are 
· Packet interval: 4ms
· Packets size: 100 bytes 
In Figure 4, we illustrate the performance for the Dense Urban scenario.
  
[image: ] 
[bookmark: _Ref68175147]Figure 4: Performance for the pose traffic model.
From Figure 4, it is clear that the load has only a small impact on the performance on the quality-of-experience: the number of satisfied users is more or less independent of the load. For Dense Urban, more than 90% of the users are always satisfied. 
However, for Urban Macro, less than 60% of the users are satisfied. To investigate this in more detail, we have studied the fraction of satisfied users for a fixed traffic load, for different PDBs. The result is illustrated in Figure 5.
 [image: ]
[bookmark: _Ref71623851]Figure 5: Fraction of satisfied users for different PDBs. The load is fixed to 5 users per cell.
The results in Figure 5 clearly illustrates the sensitivity of the capacity to the chosen PDB. With a PDB of 15ms, almost all UEs are satisfied also for Urban Macro. However, occasional retransmissions lead to that users become unsatisfied.
[bookmark: _Hlk71630964]Note that we have run the UL pose traffic with dynamic scheduling: there is thus an inherent delay delivery of the packets: SR->BSR->UL data. Although configured grant may sound like a perfect use case for the pose traffic, dynamic scheduling may be the only realistic option for applications that are deployed at a wide scale.
2.3	Power consumption 
In this section we present initial results evaluating impact of UE power consumption reduction techniques on XR capacity. Results are shown for Dense Urban Macro deployment. To be able to align data and DRX period start for eCDRX parameters, the start of data period start for each users is selected based on the UE id and evenly distributed over the data period.   

The following scenarios are evaluated:
· Traffic models 
· DL only -- XR CG traffic with 8/30Mbps average data rate,10/15ms PDB 
· DL+UL – XR CG traffic with 8/30Mbps average data rate + UL pose information (4ms periodicity and 100bytes payload)
· DRX configured with below settings 
· Baseline case with no DRX is configured
· labelled as ‘data-8/30-drx-0’ in the figures
· DRX with different settings labelled as ‘data-8/30-drx-p-On-q-iat-r’ in the figures with below settings for p,q,r
· DRX Cycle p = 10ms; On duration timer q = 5ms; IAT r = 5ms
· Enhanced CDRX, DRX period adjusted with data period DRX Cycle p = 16.66ms (16.5,16.5,17, …); On duration timer q = 8ms; IAT r = 3ms
· Power consumption is also shown for ‘genie’ case 
· Labelled as ‘genie’ in the figures.
· For this case it is assumed that PDCCH monitoring is turned off for the UE using a ‘genie assisted’ mechanism whenever there is no data reception (sleep if no UL) and the UE is sent to sleep state. Power consumption for the sleep state is based on available sleep duration.  

2.3.1	DL CG model 
Figure 2.3.1-1 shows XR performance for baseline (no DRX) case vs. different DRX settings
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Figure 2.3.1-1: XR performance for baseline (no DRX) case vs. different DRX settings
Figure 2.3.1-2a and 2.3.1-2b show CDFs of UE power consumption for medium/high loads (i.e., 4,10 UEs/cell respectively) for different DRX settings.
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Figures 2.3.1-2a (left), 2.3.1-2b (right) : XR Power consumption for different cell loading (DL CG)
Figure 2.3.1-3a and 2.3.1-3b show the relative fraction of time consumed by the UE in different power consumption states (‘ulNoTrans’ & ‘dlNoDetect’ indicate inactive UL or DL slots but the slot may be active in the other direction). Figure 2.3.1-3a shows results for medium load (4UEs/cell) and 2.3.1-3b for high load (10UEs/cell)
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Figures 2.3.1-3a (left), 2.3.1-3b (right) : Relative time fraction of different UE power consumption states (DL CG)
Figure 2.3.1-4a, 2.3.1-4b, show the relative fraction of energy consumed by the UE in different power consumption states. Figure 2.3.1-4a shows results for medium load (4UEs/cell) and 2.3.1-4b for high load (10UEs/cell)
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Figures 2.3.1-4a (left), 2.3.1-4b (right) : Relative energy fraction of different UE power consumption states (DL CG)
Table 2.3-1 below shows the XR capacity vs. UE power savings tradeoff for the different DRX settings that are considered in the evaluations
Table 2.3.1-1: XR capacity vs. UE power savings tradeoff (DL CG – 8Mbps)
	DRX configuration
 (DRX cycle, On duration, IAT)
	Mean PS gain compared to baseline (%)
	95%-tile PS gain
(highest Energy)
	5%-tile PS gain
(lowest Energy)
	Capacity
Cell load when 90% of the users are satisfied

	No DRX (baseline)
	N/A
	N/A
	N/A
	16.1

	(10ms,5ms,5ms)
	12%
	8%
	15%
	14.5

	(16.66ms,8ms,3ms)
	27%
	22%
	30%
	14.6

	genie
	51%
	42%
	58%
	N/A


[bookmark: _Hlk71572421] 
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Table 2.3.1-2: XR capacity vs. UE power savings tradeoff (DL CG – 30Mbps)
	DRX configuration
 (DRX cycle, On duration, IAT)
	Mean PS gain compared to baseline (%)
	95%-tile PS gain
(highest Energy)
	5%-tile PS gain
(lowest Energy)
	Capacity
15ms

	Capacity
10ms

	No DRX (baseline)
	N/A
	N/A
	N/A
	3.0
	1.7

	(10ms,5ms,5ms)
	10%
	6%
	14%
	2.2
	0.1

	(16.66ms,8ms,3ms)
	23%
	17%
	29%
	2.5
	1.4

	genie
	47%
	36%
	56%
	N/A
	N/A


 

2.3.2	DL CG + UL Pose model
[bookmark: _Hlk71572358]Here we show UE power consumption also considering UL transmissions for pose updates.
The following scenarios are evaluated:
· DRX configured with below settings 
· Baseline case with no DRX is configured: labelled as ‘data-8-drx-0’ in the figures
· DRX with different settings labelled as ‘data-8-drx-p-On-q-iat-r’ in the figures with below settings for p,q,r
· DRX Cycle p = 10ms; On duration timer q = 5ms; IAT r = 5ms
· genie case, labelled as ‘genie’ in the figures
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Figure 2.3.1-1: XR performance for baseline (no DRX) case vs. different DRX settings

Figure 2.3.2-1a and 2.3.2-1b show CDFs of UE power consumption for medium/high loads (i.e., 5,10 UEs/cell respectively)
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Figures 2.3.2-1a (left), 2.3.2-1b (right) : XR Power consumption for different cell loading (DL CG + UL pose)

Figure 2.3.2-2a, 2.3.2-2b, show the relative fraction of time consumed by the UE in different power consumption states (‘ulNoTrans’ & ‘dlNoDetect’ indicate inactive UL or DL slots but the slot may be active in the other direction). Figure 2.3.2-2a shows results for medium load (5UEs/cell) and 2.3.2-2b for high load (10UEs/cell)
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Figures 2.3.2-2a (left), 2.3.2-2b (right) : Relative time fraction of different UE power consumption states (DL CG + UL pose)
Figure 2.3.2-3a, 2.3.2-3b, show the relative energy fraction of energy consumed by the UE in different power consumption states (‘ulNoTrans’ & ‘dlNoDetect’ indicate inactive UL or DL slots but the slot may be active in the other direction). Figure 2.3.2-3a shows results for medium load (8UEs/cell) and 2.3.2-3b for high load (15UEs/cell)
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Figures 2.3.2-3a (left), 2.3.2-3b (right) : Relative energy fraction of different UE power consumption states (DL CG + UL pose)

Table 2.3-2-1 below shows XR UE power savings for genie case compared to baseline no DRX
Table 2.3.2-1: XR UE power savings (DL CG 8Mbps + UL pose)
	DRX configuration

	Mean PS gain compared to baseline (%)
	95%-tile PS gain
(highest Energy)
	5%-tile PS gain
(lowest Energy)
	Capacity


	No DRX baseline
	N/A
	N/A
	N/A
	13.2

	genie
	20%
	14%
	25%
	N/A
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Table 2.3.2-2: XR UE power savings (DL AR/VR, CG 30Mbps+ UL pose)
	DRX configuration

	Mean PS gain compared to baseline (%)
	95%-tile PS gain
(highest Energy)
	5%-tile PS gain
(lowest Energy)
	Capacity
15ms

	Capacity
10ms

	No DRX baseline
	N/A
	N/A
	N/A
	1.9
	1.1

	genie
	19%
	13%
	24%
	N/A
	N/A



We make the following preliminary observations from the initial evaluations. 
· When DL XR traffic is considered without taking into account the PUSCH impact 
· contribution of “PDCCH monitoring” (i.e., PDCCH monitoring without scheduled data) to overall UE power consumption is larger (e.g. as shown in Figures 2.3.1-4a/4b)
· Results show that at least for the evaluated cases, appropriate DRX settings can achieve some UE power savings gain with reduction in capacity
· For CG 8Mbps
· 12% UEPS gain with 10% capacity loss with Rel15 settings (10ms,5ms,5ms)
· 27% UEPS gain with 9% capacity loss with enhanced settings (16.66ms,8ms,3ms)
· For CG 30Mbps
· 10% UEPS gain with 27% capacity loss with Rel15 settings (10ms,5ms,5ms)
· 23% UEPS gain with 17% capacity loss with enhanced settings (16.66ms,8ms,3ms)

· When both DL and UL PUSCH XR traffic is considered
· PUSCH transmissions contribute a significant fraction to overall UE power consumption (e.g. as shown in Figures 2.3.2-3a/3b)
· The achievable power savings is much reduced i.e., idealistic genie assumption shows only 
· 20% avg power savings potential compared to baseline for CG 8Mbps+UL pose (as shown in Table 2.3.2-1)
· 19% avg power savings potential compared to baseline for CG 30Mbps+UL pose (as shown in Table 2.3.2-2)
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4	Appendix
	Parameters
	Values

	Frequency Range
	FR1 @ 4 GHz, SCS: 30 kHz, BW: 100 MHz

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (8, 2, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ. 
(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ.
gNB Antenna has mechanical down-tilt 12 degrees (DU) or 6 degrees (UMa)

	Duplex method
	TDD DDDSU

	UE Antenna Configuration
	(M, N, P) = (1, 2, 2), 

	Link adaptation
	Outer loop adaptation + 32-port CSI-RS Type I codebook

	Scheduling
	PF, SU-MIMO

	Control and RS overhead
	Explicit modelling of control and RS overhead

	Transmission scheme
	Up to rank 4 transmission

	Other potential impairments
	Not modelled (assumed ideal)

	Target BLER
	10% 

	Scenario
	Dense Urban (macro-layer only, TR 38.913), 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per site), 20% outdoor 
Urban macro, 500m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per site), 20% outdoor

	Channel model
	UMa 5G (TR 38.901)

	BS Tx power
	51dBm (DMa)
56dBm (UMa)

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB

	UE distribution
	Randomly over the system

	UE receiver
	MMSE-IRC

	CSI feedback
	Realistic, including CSI quantization
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