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1	Introduction
In this contribution, we compare evaluation results for a subset of the agreed simulation cases, and highlight some important aspects. More results can be found in the accompanying Excel sheet.
[bookmark: _Ref178064866]2	Discussion
2.1	Capacity Evaluations
2.1.1 DL capacity for CG and AR/VR
In this section, we will look at the Dense Urban and Urban macro scenario in FR1. We will use the antenna configuration 64TxRU,(8,8,2,1,1:4,8), reciprocity-based precoding, and the TDD pattern DDDSU. In most cases, we will use the data rate 30Mbps. 
First, we will compare SU-MIMO and MU-MIMO performance for AR/VR (PDB=10ms) and CG (PDB=15ms) in Dense Urban. The results are depicted in Figure 1.
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[bookmark: _Ref68159687]Figure 1: Performance for CG and AR/VR in FR1 Dense Urban. 
From Figure 1, we see that there is a clear gain from MU-MIMO: 20% for AR/VR and 38% for CG. 
Next, we make the same comparison for the Urban macro scenario. The results are depicted in Figure 2.
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[bookmark: _Ref83889263]Figure 2: Performance for CG and AR/VR in FR1 Urban macro. 
Looking at Figure 2, we see that similar conclusions hold for Urban macro: there is a clear gain from MU-MIMO: 21% for AR/VR and 32% for CG. 
Next, we study the impact of the packet delay budget in more detail. Here we choose to study the Dense Urban scenario. In addition to the PDB values for AR/VR and CG, we also look at PDB=7ms and PDB=20ms. The results are depicted in Figure 3.
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[bookmark: _Ref83890226]Figure 3: Impact of packet delay budget. 
From Figure 3, we see that there is a significant reduction in capacity when the PDB is decreased: the difference between PDB 15ms and 7ms is more than 40%. On the other hand, increasing the PDB above 15ms only provides a marginal improvement. This is not surprising: since the frames arrive every 16.67ms, failure to deliver a packet before the next one arrives will lead to queue build-up and further increases of the delay.  
Finally, we investigate the impact of user distribution. Here we choose to look at Dense Urban in FR1, and 45Mbps. We use PDB=10ms, and the result is depicted in Figure 4.
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[bookmark: _Ref83906138]Figure 4: Impact varying users per cell. 

As can be seen from Figure 4, with even distribution of UEs, the impact is small, at least for this case. The difference is less than 10%.
2.1.2	UL capacity 
In this section, we will look at the Dense Urban and Urban macro scenario in FR1. We will use the antenna configuration 64TxRU(8,8,2,1,1:4,8), and the TDD pattern DDDUU. We will look at pose only, scene only and pose + scene.
In Figure 5, we study Dense Urban. 
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[bookmark: _Ref79061981][bookmark: _Ref83895513]Figure 5: Performance for scene and scene + pose in FR1 Dense urban. 
For Dense Urban, the capacity with scene only 5.8 UEs/cell, whereas for scene+pose, the capacity is reduced to 2.6 UEs/cell. 
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[bookmark: _Ref83898762]Figure 6: Performance for pose only, scene only and scene + pose in FR1 Urban macro.
Repeating the simulation for Urban macro gives the results in Figure 6. Here we see that it is not possible to even support a single UE per cell for scene-only and scene+pose. We interpret this as a lack of coverage. Pose-only can be supported: the capacity is around 17 UEs per cell.
We also study the impact of the packet delay budget. Here we choose to look at Dense Urban, and the pose + scene scenario. We then vary the PDB for pose, while keeping the PDB for scene constant, at 30ms. The result is depicted in Figure 7.
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[bookmark: _Ref83905065]Figure 7: Impact of packet delay budget for pose. 
From Figure 7 it is clear that the PDB has a large impact of the capacity. By increasing the PDB from 10ms to 14ms, the capacity is doubled.
2.1.3	Summary
Below is summary of evaluations shown in this document. More results can be found in the accompanying Excel sheet
· For DL
· Evaluations show that MU-MIMO provides gains compared to SU-MIMO
· 20% for AR/VR and 38% for CG for FR1 Dense Urban
· 21% for AR/VR and 32% for CG
· Evaluations confirm that the number of satisfied users that can be supported reduces as the PDB requirements becomes tighter
· For example, 40% less users with 7ms PDB compared 15ms PDB for FR1 Dense Urban with 30Mbps data rate
· Evaluations do not show large variation is results due to different UE dropping rules (i.e., even UE distribution with same number of UEs/cell vs. uneven UE distribution)
· For UL
· For Dense Urban, 
· Evaluations indicate that the number of satisfied users that can be supported reduces significantly when both scene+pose traffic is considered as opposed only scene traffic
· Capacity reduced to 2.6users/cell from 5.8 users/cell 
· For Urban macro, 
· Evaluations indicate that it is not possible to even support a single UE per cell for scene-only and scene+pose
· pose only traffic can be supported: the capacity is around 17 UEs per cell
· Similar to DL, UL evaluations also confirm that number of satisfied users that can be supported reduces as the PDB requirements becomes tighter
· For example, capacity reduced by half with 10ms PDB compared to 14ms PDB
[bookmark: _Hlk71630964]2.2	Power consumption Evaluations
In this section we present simulation 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 the data period for each user is selected based on the UE id and evenly distributed over the data period. This is slightly different compared to the previous section.   
The following scenarios are evaluated:
· Traffic models 
· DL only -- XR CG & AR/VR traffic with 30Mbps average data rate,10/15ms PDB 
· DL+UL – XR CG & AR/VR traffic with 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 ‘drx-0’ in the figures
· DRX with different settings labelled as ‘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 (17,17,16, …); 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.  
· For the DL+UL evaluations, UE sleep state is determined considering both DL Rx and UL Tx activity for the UE.

2.2.1	DL CG and AR/VR model 
Figure 2.3.1-1 shows XR performance for baseline (no DRX) case vs. different DRX settings
X) case vs. different DRX settings
  [image: ]
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 low/medium loads (i.e., 1,4 UEs/cell respectively) for different DRX settings (for all UEs).
[image: ][image: ] 
Figures 2.3.1-2a (left), 2.3.1-2b (right) : XR Power consumption for different cell loading (DL CG & AR/VR)
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 low load (1UEs/cell) and 2.3.1-3b for medium load (4UEs/cell)
[image: ][image: ]   
Figures 2.3.1-3a (left), 2.3.1-3b (right) : Relative time fraction of different UE power consumption states (DL CG & AR/VR)
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 low load (1UEs/cell) and 2.3.1-4b for medium load (4UEs/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 & AR/VR)
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. The power gains are for all users at 4 UE/cell.
Table 2.3.1-1: XR capacity vs. UE power savings tradeoff (DL – 30Mbps), 
	DRX configuration
 (DRX cycle, On duration, IAT)
	Mean PS gain compared to baseline at 4 UE/cell (%)
	95%-tile PS gain
(highest Energy)
	50%-tile PS gain
(lowest Energy)
	5%-tile PS gain
(lowest Energy)
	Capacity
Cell load when 90% of the users are satisfied PDB 10ms
	Capacity
Cell load when 90% of the users are satisfied PDB 15ms
	Satisfied users @ baseline PDB 10ms
	Satisfied users @ baseline PDB 15ms

	No DRX (baseline)
	N/A
	N/A
	N/A
	N/A
	4.0
	4.4
	90%
	90%

	(10ms,5ms,5ms)
	8%
	3%
	9%
	13%
	0.7
	4.0
	29%
	83%

	(10ms,8ms,3ms)
	4%
	2%
	5%
	6%
	3.5
	4.3
	84%
	89%

	(16.66ms,8ms,3ms)
	22%
	15%
	24%
	28%
	3.6
	4.2
	84%
	87%

	Genie
	41%
	27%
	44%
	52%
	N/A
	N/A
	N/A
	N/A



2.2.2	DL CG and AR/VR + UL Pose model
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 ‘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
· DRX configured with below settings 
· Baseline case with no DRX is configured
· labelled as ‘drx-0’ in the figures
· DRX with different settings labelled as ‘drx-p-On-q-iat-r’ in the figures with below settings for p,q,r
· DRX Cycle p = 4ms; On duration timer q = 3ms; IAT r = 0ms
· Enhanced CDRX, DRX period adjusted with data period DRX Cycle p = 16.66ms (17,17,16, …); On duration timer q = 13ms; IAT r = 0ms
· genie case, labelled as ‘genie’ in the figures

[image: ] 
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 low/medium loads (i.e., 1,4 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 and AR/VR + 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 low load (1UEs/cell) and 2.3.2-2b for medium load (4UEs/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 and AR/VR + 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 low load (1UEs/cell) and 2.3.2-3b for medium load (4UEs/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 and AR/VR + UL pose)

Table 2.3-2-1 below shows XR UE power savings for genie case compared to baseline no DRX for all users at 4 UE/cell.

Table 2.3.2-1: XR UE power savings (DL 30Mbps + UL pose)
	DRX configuration
 (DRX cycle, On duration, IAT)
	Mean PS gain compared to baseline at 4 UE/cell (%)
	95%-tile PS gain
(highest Energy)
	50%-tile PS gain
(lowest Energy)
	5%-tile PS gain
(lowest Energy)
	Capacity
Cell load when 90% of the users are satisfied PDB 10ms
	Capacity
Cell load when 90% of the users are satisfied PDB 15ms
	Satisfied users @ baseline PDB 10ms
	Satisfied users @ baseline PDB 15ms

	No DRX (baseline)
	N/A
	N/A
	N/A
	N/A
	4.0
	4.5
	90%
	90%

	(4ms,3ms,0ms)
	7%
	5%
	8%
	13%
	3.3
	4.3
	80%
	89%

	(16.66ms,13ms,0ms)
	6%
	5%
	6%
	7%
	3.6
	4.4
	85%
	87%

	Genie
	17%
	11%
	19%
	24%
	N/A
	N/A
	N/A
	N/A



2.2.3	Summary
We make the following observations from UE power consumption evaluations. 
· When DL XR traffic is considered without taking into account the UL impact 
· contribution of “PDCCH monitoring” (i.e., PDCCH monitoring without scheduled data) to overall UE power consumption is larger (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 DL 30Mbps
· 8% UEPS gain with 82%/9% capacity loss for 10/15ms PDB with Rel15 settings (10ms,5ms,5ms)
· 22% UEPS gain with 10%/5% capacity loss for 10/15ms PDB with enhanced DRX settings (16.66ms,8ms,3ms)

· When both DL and UL 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) and frequent UL transmissions prevent the UE from transitioning to light sleep state.
· For DL 30Mbps+UL pose
· 6%/7% UEPS gain is observed for DRX with Rel15/enhanced settings, and with ideal ‘genie’ case 17% avg power savings potential compared to baseline ‘always on’ is observed (as shown in Table 2.3.2-2)

2.3 Coverage
In RAN1#106-e, the coverage evaluation assumptions were agreed:
Agreement
Optional methodology 1 for XR coverage evaluation
· For XR/CG in DL or UL, coverage is defined to be the A-percentile point in CDF of coupling gain for the “satisfied” UEs, with #UEs per cell = B, for a given XR application (AR/VR/CG) in a given deployment scenario (DU/InH/UMa)
· A = 5
· B = 1 and/or capacity
· Coupling gain for coverage evaluation is defined as the ratio of received and transmitted power measured in dB, and includes antenna gains, path loss, shadowing, indoor- or body loss, etc. Example of coupling gain can refer to TR 37.910.
· Note: The evaluation of coupling gain will be impacted by e.g., interference and scheduler mechanism, etc.
Optional methodology 2 for XR coverage evaluation 
· For each drop, 
· Randomly drop only one UE in the entire network (or in all the cells) that is associated with one of the 3 center cells (or gNBs), i.e., only one of the center gNBs is activated.  
· Coupling gain for coverage evaluation is defined as the ratio of received and transmitted power measured in dB, and includes antenna gains, path loss, shadowing, indoor- or body loss, etc. Example of coupling gain can refer to TR 37.910.
· Run SLS according to capacity evaluation methodology and determine whether the UE is satisfied or not. 
· Definition of the XR coverage
· X %-tile point in the CDF curve of coupling gain for all the satisfied UEs, where X = 5.
Note: It will be further discussed how to capture the result in the TR.

2.3.1	Evaluations
We have evaluated coverage using methodology 1, for DL and UL traffic models, using B=1. To stress the coverage, we used the UMa scenario. 
In DL, we used the 30Mbps data rate, and looked at coverage for both AR/VR and CG. The DL coverage results are depicted in Figure 8.
[image: ]
[bookmark: _Ref83973207]Figure 8: DL coverage for 30Mbps CG and AR/VR services.

Not surprisingly, the DL coverage is quite good: all UEs are satisfied in this setup. We could have drawn that conclusion already from Figure 2. The coupling loss for the satisfied UEs is simply the coupling loss of all UEs. We cannot really derive the DL coverage from these results.
To stress the coverage further, we increase the ISD to 1500m and repeat the investigation. Now we also vary the TDD-pattern. These results are shown in Figure 9.
[image: ]
[bookmark: _Ref83974048]Figure 9: DL coverage for 30Mbps CG and AR/VR services for ISD=1500m.
This time, not all UEs are satisfied: there is a difference between all UEs and satisfied UEs. We also see an impact of the TDD pattern, and the PDB.
We now turn our attention to UL. The coverage for UL scene and pose is shown in Figure 10.
[image: ]
[bookmark: _Ref83974287]Figure 10: UL coverage for scene and pose traffic.
UL coverage is more challenging. In UMa, all UEs are not satisfied, as we saw already from Figure 6. Scene is more challenging than pose and having more UL time slots improves capacity.
2.3.1	Summary
The coverage results are summarized in Table 1.
[bookmark: _Ref83975951]Table 1: Summary of coverage results for XR traffic.
	
	
	
	

	DL
	CG
	DDDUU
	-143dB

	
	AR/VR
	DDDUU
	-139dB

	
	CG
	DDDSU
	-146dB

	
	AR/VR
	DDDSU
	-141dB

	UL
	Pose
	DDDUU
	-129dB

	
	Scene
	DDDUU
	-121dB

	
	Scene
	DDDSU
	-117dB
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