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Introduction
In this contribution we provide evaluation results for capacity, coverage, power consumption, and mobility.

Capacity Evaluation Results
Initial capacity evaluation results for Dense Urban scenario for Uplink and Downlink are shown in the following figures. For all figures in this section, each marker corresponds to the following number of UEs dropped per cell: [1, 3, 5, 7, 10, 15] for Downlink and [1, 5, 7, 10, 15] for Uplink.
Downlink
Evaluation results for CG, AR/VR single stream traffic are shown in this section. We consider the baseline evaluation assumptions agreed in [1], where the traffic model has 30Mbps data rate with 60 frames per second and the PDB requirement is 15ms for CG and 10ms for AR/VR.
Fraction of successful UEs
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Figure 1. DU, 30 Mbps, target BLER 1%, the capacity of a system with MU-MIMO is 31.2% higher than SU-MIMO for 10ms PDB, and 21.1% for 15ms PDB.  
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Figure 2. DU, 30 Mbps, target BLER 1%, without jitter, the capacity of a system increases by 4.9% for PDB 10ms and 9.7% for PDB 15ms.
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Figure 3. DU, 30 Mbps, target BLER 10%, the capacity of a system with MU-MIMO is 47.2% higher than SU-MIMO for 10ms PDB, and 40.9% for 15ms PDB.  



Observation 1: For DU Downlink Scenario VR/AR, 30Mbps, 10ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 1 System capacity of VR/AR (30Mbps) application in FR1 DL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Notes

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	5.45
	5
	94.19%
	7.15
	7
	91.70%
	Note 1

	
	
	
	7.5
	7
	95.71%
	Note 1,3

	7.18
	7
	91.9%
	10.57
	10
	94.71%
	Note 2

	Note 1. Target BLER 1%
Note 2. Target BLER 10%
Note 3. No jitter


Observation 2: For DU Downlink Scenario CG, 30Mbps, 15ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 2 System capacity of CG (30Mbps) application in FR1 DL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Notes

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	6.17
	6
	91.01%
	7.47
	7
	94.35%
	Note 1

	
	
	
	8.20
	8
	90.14%
	Note 1, 3

	7.99
	7
	97.14%
	11.26
	11
	91.82%
	Note 2

	Note 1. Target BLER 1%
Note 2. Target BLER 10%
Note 3. No jitter


Observation 3: For DU Downlink Scenario, the system capacity for 15ms PDB is 11.2%~13.2% higher than 10ms PDB with SU-MIMO and 4.5%~6.5% higher with MU-MIMO.
Observation 4: For DU Downlink Scenario, the system capacity with MU-MIMO is 31.2%~47.2% higher than SU-MIMO for AR/VR (10ms PDB), and 21.1% higher for CG (15ms PDB).  
Observation 5: For DU Downlink Scenario, the system capacity without jitter is 4.9% and 9.7% higher for PDB 10ms and 15ms, respectively, compared to the case when jitter is considered.
Uplink
Evaluation results for AR uplink with the baseline traffic model, i.e., an aggregated traffic of scene/video/data/voice (Truncated Gaussian Model, 10Mbps, PDB = 30ms, 60 frames per second, no jitter) for single stream and pose/control-stream (0.2Mbps, PDB=10ms, 250 frames per second, no jitter) with an aggregated traffic of scene/video/data/voice for two streams, are shown in this section.
Uplink single stream
Fraction of successful UEs
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Figure 4. DU, 10Mbps AR, target BLER 1%,  the capacity of a system MU-MIMO is 34.5% higher than SU-MIMO.
Observation 6: For DU Uplink Scenario scene/video/data/voice-stream, 10Mbps, 30ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 3 System capacity of scene/video/data/voice (10Mbps) application in FR1 UL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Note

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	7.80   
	7
	98.23%
	10.49
	10
	95.24%
	Note 1

	7.81
	7
	98.09%
	10.5
	10
	95.29%
	Note 2

	Note 1. Target BLER 1%
Note 2. Target BLER 10%



[bookmark: _Hlk84419939]Observation 7:  For DU Uplink scenario AR single stream, the system capacity with MU-MIMO is 34.3~34.5% higher than SU-MIMO.

Uplink two stream
Fraction of successful UEs
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Figure 5. DU, 10Mbps AR target BLER 1%, the capacity of a system with the system capacity with MU-MIMO is 36.4% higher than SU-MIMO.
Observation 8: DU, pose/control-stream (0.2Mbps, 10ms PDB) + scene/video/data/voice-stream (10Mbps, 30msPDB)100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 4 System capacity of pose/control (0.2Mbps) and scene/video/data/voice (10Mbps) application in FR1 UL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Note

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	3.35   
	3
	91.90%
	4.57   
	4
	90.75%
	Note 1

	3.41
	3
	92.58%
	4.91
	4
	90.98%
	Note 2

	Note 1. Target BLER 1%
Note 2. Target BLER 10%



Observation 9: For DU Uplink scenario AR two stream, the system capacity with MU-MIMO is 36.4%~43.9%  higher than SU-MIMO.

Coverage Evaluation Results
XR coverage is evaluated based on the optional methodology 2 [2], where only one UE is randomly dropped in the entire network (or in all the cells) and associated with one of the 3 center cells (or gNBs). XR coverage is defined as 5%-tile point in the CDF curve of coupling gain for all the satisfied UEs. For downlink, a single stream model for VR/CG is used and for uplink pose/control stream model for AR is used. 

	[image: ]
Figure 6. UMa, 30 Mbps VR for DL, and pose/control for UL.  UL coverage is larger than DL. Coverage increases as the PDB increases from 10ms (VR) to 15ms (CG)
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Figure 7. DU, 30 Mbps VR for DL, and pose/control for UL. Coverage is limited by ISD.



Observation 10: Based on the optional methodology 2, the coverage (the 5%-tile point in the CDF curve of coupling gain) is summarized in the table below.
Table 5 Coverage of CG and VR for FR1 
	
	
	DU
	UMa

	CG
(PDB: 15ms)
	DL
	-135.5dB
	-148.20dB

	
	UL
	-134.7dB
	-140.05dB

	VR
(PDB: 10ms)
	DL
	-134.8dB
	-144.65dB

	
	UL
	-134.6dB
	-139.80dB



Observation 11: For both DL and UL, XR coverage increases as the PDB is increased.

Power Consumption Evaluation Results
In this section, XR power consumption evaluations and impact of turning on DRX cycle are presented for VR and CG (30Mbps) in Dense Urban scenario, DL only with SU-MIMO scheduler for DRX configurations listed in the table below.

	Power Saving Scheme
	DRX cycle length
	On duration
	Inactivity timer

	DRX (8,6,6)
	8
	6
	6

	DRX (8,6,4)
	8
	4
	6



In the following table, results are summarized for PSG of CDRX compared to Always On and fraction of satisfied UEs per cell for different PDB values.


Table 6 Power consumption evaluation results of CG and VR/AR for FR1 Dense Urban, DL
	Power Saving Scheme
	Power Saving Gain (PSG) compared to Always On
	#satisfied UEs per cell/ #UEs per cell
PDB 10ms (VR/AR)
	#satisfied UEs per cell/ #UEs per cell
PDB 15ms (CG)

	
	Baseline
	Optional
	
	

	
	Mean PS gain
	PS gain of 5%-tile UE in PSG CDF
	PS gain of 50%-tile UE in PSG CDF
	PS gain of 95%-tile UE in PSG CDF
	
	

	Always On
	-
	-
	-
	-
	96%
	98%

	Genie
	58.3%
	47.7%
	57.9%
	68.7%
	96%
	98%

	DRX (8,6,6)
	10.8%
	5.3%
	11.2%
	14.2%
	94%
	95%

	DRX (8,4,6)
	15.7%
	7.1%
	17.0%
	28.3%
	83%
	92%



Observation 12: For average 4 UEs/cell when baseline capacity for VR/AR and CR is 5 and 6 UEs, respectively,  up to ~15% average power saving gain is observed by CDRX scheme for the studied configurations for DL only in Dense Urban,.


Mobility Evaluation Results
In RAN1#106bis-e meeting the following agreement was reached with respect to evaluation of NR XR mobility performance:
	Agreement 
  XR mobility performance is evaluated analytically taking into account mobility procedures, agreed traffic models, and user satisfaction criteria. Following methodology is adopted
  Alternative 1 (Modified Option 3):
      For XR/Cloud Gaming mobility evaluation, the metric is defined to be where N is the number of consecutive XR packets lost due to a HO event and T is the minimum target time interval between HO events, which are obtained by the following steps
  Step 1. HO interruption time is calculated for existing HO techniques by directly following the requirements given in 3GPP TS 38.133
  Step 2. For a HO interruption time Y (calculated in Step 1) and the XR traffic pattern characterized by the packet arrival rate in average R and the packet delay budget PDB:
  Number of consecutive XR packets lost due to a HO event, N is estimated as: N = (Y – PDB) * R, Y >= PDB
  Minimum target time interval between HO events, T is estimated as:

         where  is packet error rate during time outside of handover procedure. Companies can report the value of  used in the evaluation and assumptions.
  X is the UE satisfactory requirement (baseline: X = 99%, other X value(s) can be also evaluated).
       Company can optionally evaluate the case of Y < PDB. E.g. N = max {(Y – PDB) * R, 0}, and ,  when Y < PDB; Or N = Y * R, and , when Y < PDB.
  Note 1: how to draw the obervations/conclusion based on the simplified assumption will be discussed in RAN1 #107e.
  Note 2: mobility evaluation is performed in dense Urban and UMA
  Note 3: T maybe affected by system load, interference, etc.



Handover Interruption Time Calculation

The handover interruption time can be calculated based on different HO assumptions e.g., traditional HO, conditional HO, DAPS (FR1-FR1, FR2-FR1, FR1-FR2) handover cases. Requirements for HO interruption times for different HO methods are outlined in [3]. The total handover time can be calculated as 	

	,



where, is the RRC procedure delay defined in [4] and is the handover interruption defined in [3]. For traditional handover, = 10 ms for RRC reconfiguration. Additionally, the handover interruption time can be further defined by the following component delays:


Assuming FR1-FR1 handover scenario, the component delays are defined as follows: 
· 


is the time required to search the target cell which can be 0 ms if the target cell is known and either or ms, if the target cell is unknown
· 
is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell and can be assumed to be around 10 ms. 
· 
is the time for UE processing, and can be up to 20 ms
· 

is the time for fine time tracking and acquiring full timing information of target cell and is equal to ms
· 
is the time for SSB post processing and can be up to 2 ms
· 

is the SMTC periodicity of the target cell if the UE is provided with an SMTC configuration for target cell else = 5ms assuming 5ms SSB transmission periodicity [3]. 
Under these assumptions, for traditional handover, the total handover time for FR1-FR1 handover, we can calculate the following as possible lower and upper bounds on the handover interruption time:

	Handover Time Delay Components
	
 Lower Bound (ms)
	
 Upper Bound (ms)

	

	10
	10

	

	5
	20

	

	
= 5
	
3x= 60

	

	10
	10

	

	10
	20

	

	5
	20

	

	2
	2

	Total
	47
	142



Based on these bounds for handover interruption time, the evaluation of the mobility KPIs based on the agreement is provided in the next section. 

Mobility KPI Evaluation


In this section, we provide results for the case when . The case of  is not considered since the evaluation methodology may not provide conclusive and mathematically tractable results. 
· 
Step 1: The handover interruption time ms for traditional handover.
· Step 2: For calculation of {N, T}, assume PDB = 10ms
· Calculation of N: Number of consecutive XR packets lost due to HO event N is

 
· Calculation of T: Minimum target time interval between HO events, with X = 99%

	

Assuming different values of , we can calculate different values of the T as shown in Figure x
[image: ] [image: ]
Figure 8: (left) Target time interval between handover events that can be supported as a function of (expressed in %) corresponding to upper and lower bounds on Y; (right) The critical UE speed that can be supported as a function of  corresponding to upper and lower bounds on Y assuming Dense Urban deployment with 200m ISD.


From the figure, for example, assuming , we have the following values for the supported interval between handover events which can be supported



Based on deployment and ISD, we can also make some observations on the critical speed of the UE that be supported i.e., the speed at which the UE can travel such that it crosses cell boundary at the target interval which is shown in the right sub figure.  From this we can see that at , for DU Macro with ISD =200m, the critical speed can be quite high i.e., 192.67 km/hr corresponding to the lower bound on Y and around 50.2 km/hr corresponding to the upper bound Y. 


Observation 13: For mobility KPI evaluation, observations regarding number of dropped packets N are as follows:
· The number of dropped packets due HO event for the case when Y>PDB scales linearly with Y and therefore the components that contribute to Y. 
· 
We can see that the SMTC periodicity or the SSB periodicity is a major component of Y and hence the number of dropped XR packets scales with the SSB periodicity. For smaller SSB periodicity, the impact to XR traffic due to HO event may be low but with SSB periodicity of 40ms or larger, the impact can be significantly large. 
Observation 14: For mobility KPI evaluation, observations regarding Target interval time T are as follows:
· The target time interval scales linearly with Y (and resultantly with SSB periodicity) as well as with the value of . For a given value of Y, the scaling with PER is non-linear.
· For smaller values of PER i.e., at around 0.01%, the tolerable interval is quite small resulting in a support of much higher UE speed for a given deployment. When SSB periodicity increases, the tolerable time interval becomes larger and resultantly for fixed ISD, the UE speed that can be supported decreases. From the calculations, the UE speed is around 192 km/hr for 5ms SSB periodicity while it reduces to 50km/hr for a 20ms SSB periodicity for 200m ISD. 
· For larger values of PER, e.g., at 0.9%, even for 5ms SSB periodicity, the tolerable time interval between HO events T increases to 36.7sec and the resultant UE speed for 200m ISD reduces to 19.63km/hr which is roughly a 10x decrease in supported UE speed. Therefore, PER has a significant impact on XR mobility. 

Conclusion
The observations are summarized below.
Observation 1: For DU Downlink Scenario VR/AR, 30Mbps, 10ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 1 System capacity of VR/AR (30Mbps) application in FR1 DL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Notes

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	5.45
	5
	94.19%
	7.15
	7
	91.70%
	Note 1

	
	
	
	7.5
	7
	95.71%
	Note 1,3

	7.18
	7
	91.9%
	10.57
	10
	94.71%
	Note 2

	Note 1. Target BLER 1%
Note 2. Target BLER 10%
Note 3. No jitter


Observation 2: For DU Downlink Scenario CG, 30Mbps, 15ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 2 System capacity of CG (30Mbps) application in FR1 DL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Notes

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	6.17
	6
	91.01%
	7.47
	7
	94.35%
	Note 1

	
	
	
	8.20
	8
	90.14%
	Note 1, 3

	7.99
	7
	97.14%
	11.26
	11
	91.82%
	Note 2

	Note 1. Target BLER 1%
Note 2. Target BLER 10%
Note 3. No jitter


Observation 3: For DU Downlink Scenario, the system capacity for 15ms PDB is 11.2%~13.2% higher than 10ms PDB with SU-MIMO and 4.5%~6.5% higher with MU-MIMO.
Observation 4: For DU Downlink Scenario, the system capacity with MU-MIMO is 31.2%~47.2% higher than SU-MIMO for AR/VR (10ms PDB), and 21.1% higher for CG (15ms PDB).  
 Observation 5: For DU Downlink Scenario, the system capacity without jitter is 4.9% and 9.7% higher for PDB 10ms and 15ms, respectively, compared to the case when jitter is considered.
Observation 6: For DU Uplink Scenario scene/video/data/voice-stream, 10Mbps, 30ms PDB, 100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 3 System capacity of scene/video/data/voice (10Mbps) application in FR1 UL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Note

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	7.80   
	7
	98.23%
	10.49
	10
	95.24%
	Note 1

	7.81
	7
	98.09%
	10.5
	10
	95.29%
	Note 2

	Note 1. Target BLER 1%
Note 2. Target BLER 10%



Observation 7:  For DU Uplink scenario AR single stream, the system capacity with MU-MIMO is 34.3~34.5% higher than SU-MIMO.
Observation 8: DU, pose/control-stream (0.2Mbps, 10ms PDB) + scene/video/data/voice-stream (10Mbps, 30msPDB)100MHz bandwidth, DDDSU TDD format, the capacity result is summarized as follows.
Table 4 System capacity of pose/control (0.2Mbps) and scene/video/data/voice (10Mbps) application in FR1 UL Dense Urban scenario
	SU-MIMO
	MU-MIMO
	Note

	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	Capacity
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell =C1
	

	3.35   
	3
	91.90%
	4.57   
	4
	90.75%
	Note 1

	3.41
	3
	92.58%
	4.91
	4
	90.98%
	Note 2

	Note 1. Target BLER 1%
Note 2. Target BLER 10%



Observation 9: For DU Uplink scenario AR two stream, the system capacity with MU-MIMO is 36.4%~43.9% higher than SU-MIMO.
Observation 10: Based on the optional methodology 2, the coverage (the 5%-tile point in the CDF curve of coupling gain) is summarized in the table below.
Table 5 Coverage of CG and VR for FR1 
	
	
	DU
	UMa

	CG
(PDB: 15ms)
	DL
	-135.5dB
	-148.20dB

	
	UL
	-134.7dB
	-140.05dB

	VR
(PDB: 10ms)
	DL
	-134.8dB
	-144.65dB

	
	UL
	-134.6dB
	-139.80dB



Observation 11: For both DL and UL, XR coverage increases as the PDB is increased.
Observation 12: For average 4 UEs/cell when baseline capacity for VR/AR and CR is 5 and 6 UEs, respectively, up to ~15% average power saving gain is observed by CDRX scheme for the studied configurations for DL in Dense Urban,.

Observation 13: For mobility KPI evaluation, observations regarding number of dropped packets N are as follows:
· The number of dropped packets due HO event for the case when Y>PDB scales linearly with Y and therefore the components that contribute to Y. 
· 
We can see that the SMTC periodicity or the SSB periodicity is a major component of Y and hence the number of dropped XR packets scales with the SSB periodicity. For smaller SSB periodicity, the impact to XR traffic due to HO event may be low but with SSB periodicity of 40ms or larger, the impact can be significantly large. 
Observation 14: For mobility KPI evaluation, observations regarding Target interval time T are as follows:
· The target time interval scales linearly with Y (and resultantly with SSB periodicity) as well as with the value of . For a given value of Y, the scaling with PER is non-linear.
· For smaller values of PER i.e., at around 0.01%, the tolerable interval is quite small resulting in a support of much higher UE speed for a given deployment. When SSB periodicity increases, the tolerable time interval becomes larger and resultantly for fixed ISD, the UE speed that can be supported decreases. From the calculations, the UE speed is around 192 km/hr for 5ms SSB periodicity while it reduces to 50km/hr for a 20ms SSB periodicity for 200m ISD. 
· For larger values of PER, e.g., at 0.9%, even for 5ms SSB periodicity, the tolerable time interval between HO events T increases to 36.7sec and the resultant UE speed for 200m ISD reduces to 19.63km/hr which is roughly a 10x decrease in supported UE speed. Therefore, PER has a significant impact on XR mobility. 
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Introduction


 


In this contribution we provide 


evaluation results for capacity, 


coverage, power consumption, and mobility.


 


 


2


 


Capacity Evaluation Results


 


Initial


 


capacity


 


evaluation results for Dense Urban scenario for Uplink and Downlink are shown in the foll


owing figures. For 


all figures in this section, each marker corresponds to the following number of UEs dropped per cell:


 


[1, 3, 5, 7, 10, 15] for 


Downlink and [1, 5, 7, 10, 15] 


for 


Uplink.


 


2.1


 


Downlink


 


Evaluation results for CG, AR/VR single stream traffic are


 


shown in this section. We consider the baseline evaluation 


assumptions agreed in


 


[1]


, where the traffic model has 30


Mbps


 


data rate with 60 frames per second and the PDB requirement 


is 15ms for CG and 10ms for AR/VR.


 


Fraction of successful UEs


 


 


Figure 


1


. 


DU, 30 Mbps, target BLER 1%, the capacity of a system with MU


-


MIMO is 31.2% higher than SU


-


MIMO 


for 10ms PDB, and 


21.1% for 15ms PDB.  
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