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Introduction
In 3GPP TSG RAN1#106bis-e meeting, initial conclusions for XR evaluation results are given in [1].
In this paper, based on [1], for capacity KPI, more baseline results have been provided firstly. Moreover, the impacts due to data rate, PER, PDB and multiple streams have been discussed. Last but not least, evaluation results for potential enhancement schemes, including e.g. refined preemption indication for adaptive inter-UE/intra-UE multiplexing and enhanced buffer status reporting further provided. 
For power KPI, evaluation results of R15/R16 CDRX are firstly provided. Then, the evaluation results for potential enhancement scheme, including e.g., change the start of DRX OnDuration and additional transmission time for eCDRX, UL active time and SR group switching are provided.
For coverage KPI, we have provided evaluation results with agreed optional methodology 1 in different traffic models and different scenarios.
For mobility KPI, we have used agreed methodology to statistically analyze the mobility performance. 
Capacity
Baseline capacity performance
In RAN1#106-e meeting, we provided evaluation results for baseline traffic model, e.g. including {AR/VR, 30Mbps} and {CG, 30Mbps}. In order to enrich the simulation results, we have supplied evaluation results for optional traffic model, e.g. {AR/VR, 45Mbps}. The simulation parameters for FR1 DL are listed in Table A.1, simulation parameters for FR1 UL are listed in Table A.2, while simulation parameters for FR2 DL are listed in Table A.3. 
FR1 InH DL
	[image: ]
	[image: ]

	(a) Capacity
	(b) RU


Figure 1 Capacity simulation results in indoor Hotspots scenario ([10.5, 150, 50]%).
	[image: ]
	[image: ]

	(a)Capacity
	(b)RU


Figure 2 Capacity simulation results in indoor Hotspots scenario ([3, 109, 91]%).
According to Figure 1, with MU-MIMO and the traffic model for [10.5, 150, 50]% relationship, the capacity performance for {AR/VR, 30Mbps}, {CG, 30Mbps} and {AR/VR, 45Mbps} in Indoor Hotspot scenario are 11.4, 12.9 and 7.2, respectively. 
According to Figure 2, with MU-MIMO and the traffic model for [3, 109, 91]% relationship, the capacity performance for {AR/VR, 30Mbps}, {CG, 30Mbps} and {AR/VR, 45Mbps} in Indoor Hotspot scenario are 11.8, 13.3 and 7.3, respectively. 
FR1 DU DL
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Figure 3 Capacity simulation results in Dense Urban scenario ([10.5, 150, 50]%).
	[image: ]
	[image: ]

	(a)Capacity
	(b) RU


Figure 4 Capacity simulation results in Dense Urban scenario ([3, 109, 91]%).
According to Figure 3, with MU-MIMO and the traffic model for [10.5, 150, 50]% relationship, the capacity performance for {AR/VR, 30Mbps}, {CG, 30Mbps} and {AR/VR, 45Mbps} in Dense Urban scenario are 12.5, 14.7 and 7.8, respectively. 
According to Figure 4, with MU-MIMO and the traffic model for [3, 109, 91]% relationship, the capacity performance for {AR/VR, 30Mbps}, {CG, 30Mbps} and {AR/VR, 45Mbps} in Dense Urban scenario are 13.2, 14.8 and 7.9, respectively. 
FR1 Uma DL
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Figure 5 Capacity simulation results in Urban Marco scenario ([10.5, 150, 50]%).
According to Figure 5, with MU-MIMO and the traffic model for [10.5, 150, 50]% relationship, the capacity performance for {AR/VR, 30Mbps}, {CG, 30Mbps} and {AR/VR, 45Mbps} in Urban Macro scenario are 10.0, 11.6 and 6.0, respectively. 
FR1 InH UL
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Figure 6 Capacity simulation results of pose/control traffic model in UL Indoor Hotspot scenario
According to Figure 6, with MU-MIMO, the capacity performance for {pose/control, fixed 100Bytes} in Indoor Hotspot scenario is larger than 40.
FR1 DU UL
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Figure 7 Capacity simulation results of {AR, 10Mbps} in UL Dense Urban scenario
According to Figure 7, with MU-MIMO, the capacity performance for {AR, 10Mbps} in Dense Urban scenario is 10.9.
FR2 InH DL
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Figure 8 Capacity simulation results in indoor Hotspots scenario
According to Figure 8, with SU-MIMO, the capacity performance for {AR/VR, 30Mbps} and {CG, 30Mbps} in Indoor Hotspot scenario are 7.8 and 9.9, respectively.
Summary
In summary, the baseline FR1 DL capacity performances for our evaluated traffic model and simulation scenario are listed as follows.
Table 1 Baseline capacity performance for FR1 DL
	Scenario

Traffic
	AR/VR, 30Mbps
	CG, 30Mbps
	AR/VR, 45Mbps

	
	[10.5,150,50]
	[3,109,91]
	[10.5,150,50]
	[3,109,91]
	[10.5,150,50]
	[3,109,91]

	Indoor Hotspot
	11.4
	11.7
	12.9
	13.3
	7.2
	7.3

	Dense Urban
	12.5
	13.2
	14.7
	14.8
	7.8
	7.9

	Urban Marco
	10.0
	-
	11.6
	-
	6.0
	-


[bookmark: _Toc87003941][bookmark: _Toc31718][bookmark: _Toc5845]For FR1 DL transmission with 99% reliability requirement, the capacity results can be summarized as follows.
	Scenario

Traffic
	AR/VR, 30Mbps
	CG, 30Mbps
	AR/VR, 45Mbps

	
	[10.5,150,50]
	[3,109,91]
	[10.5,150,50]
	[3,109,91]
	[10.5,150,50]
	[3,109,91]

	Indoor Hotspot
	11.4
	11.7
	12.9
	13.3
	7.2
	7.3

	Dense Urban
	12.5
	13.2
	14.7
	14.8
	7.8
	7.9

	Urban Marco
	10.0
	-
	11.6
	-
	6.0
	-


[bookmark: _Toc9362][bookmark: _Toc87003942][bookmark: _Toc7214]Some performance difference can be observed under different traffic model ratios.
The baseline FR1 UL capacity performances for our evaluated traffic models and simulation scenarios are listed as follows.
Table 2 Baseline capacity performance for FR1 UL
	Scenario

Traffic
	Pose/Control Fixed 100 Byte
	AR, 10Mbps

	Indoor Hotspot
	>40
	-

	Dense Urban
	-
	10.9


[bookmark: _Toc25373][bookmark: _Toc87003943][bookmark: _Toc27939]For FR1 UL transmission with 99% reliability, the capacity results can be summarized as follows.
	Scenario

Traffic
	Pose/Control Fixed 100 Byte
	AR, 10Mbps

	Indoor Hotspot
	>40
	-

	Dense Urban
	-
	10.9


The baseline FR2 DL capacity performances for our evaluated traffic models and simulation scenarios are listed as follows. 
Table 3 Baseline capacity performance for FR2 DL
	Scenario

Traffic
	AR/VR, 30Mbps
	CG, 30Mbps

	Indoor Hotspot
	7.8
	9.9


[bookmark: _Toc15805][bookmark: _Toc87003944][bookmark: _Toc28342]For FR2 DL transmission with 99% reliability, the capacity results can be summarized as follows.
	Scenario

Traffic
	AR/VR, 30Mbps
	CG, 30Mbps

	Indoor Hotspot
	7.8
	9.9



Impacts on capacity performance
Impact of data rate
The impact of data rate on capacity performance is presented in Figure 9. The simulation is performed for 8Mbps, 30Mbps and 45Mbps traffic models, with the same periodicity and packet delay budget. As expected, increasing the data rate may reduce system capacity owing to the increased packet/frame size but limited bandwidth. For instance, the capacity for {8Mbps, 10ms} traffic model is larger than 15 UEs, while the capacity for {30Mbps, 10ms} traffic model is reduced to 12.4 UEs. When data rate increases to 45Mbps, the capacity is further reduced to 7.8 UEs.
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Figure 9 Capacity performance comparison among traffic models with different data rates
[bookmark: _Toc87003945][bookmark: _Toc27460][bookmark: _Toc1621] Reducing the data rate requirement can increase system capacity.
Impact of packet delay budget
The impact of PDB is presented in Figure 10. The simulation is performed for {AR/VR, 30Mbps} and {CG, 30Mbps} traffic models. It can be observed that the relaxed PDB is capable of increasing system capacity. 
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Figure 10 Capacity performance & RU comparison among traffic models with different PDB
[bookmark: _Toc87003946][bookmark: _Toc27108][bookmark: _Toc15711]Relaxing the PDB can increase system capacity
Impact of packet error rate
The impact of PER is presented in Figure 11. The simulation is performed for {AR/VR, 30Mbps}, with different reliability requirement. According to Figure 11, stringent reliability requirement results in low system capacity, while relaxed reliability requirement can obtain impressive system capacity gain. For example, system capacity for 99.9% reliability requirement is 10.1 UEs, when the reliability requirement is relaxed to 95%, the system capacity can increase to 12.9 UEs. 
As a result, network coding can be considered. In detail, some redundancy packets can be added via network coding to increase the reliability in high layer, which is capable of relaxing the PER in PHY.
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Figure 11 Capacity performance comparison among 30Mbps traffic model with different PERs.
[bookmark: _Toc23063][bookmark: _Toc87003947][bookmark: _Toc26042]Relaxing the PER can increase system capacity.
Capacity performance under I/P frame multiple stream model
In RAN1#106-e meeting, the agreement of multi-streams traffic models for I/P-stream is shown as follows [2].
	Agreement 
For evaluation of separate streams of I-frame and P-frame that is an optional evaluation scenario, 
· Alpha value: 2.0 and 1.5, Other values, e.g., 3.0 can be optionally evaluated
· This alpha value assumption applies to both Option 1A (slice-based) and Option 1B (GOP-based) evaluations
Agreement 
For evaluation of separate streams of I-frame and P-frame that is an optional evaluation scenario, 
· RAN1 agree upon the below reference case, while leaving other study cases up to companies. 
· Reference case
· For DL
· [PER_I, PER_P, PDB_I, PDB_P] = [1 %, 1 %, 10ms, 10ms] for AR/VR 
· [PER_I, PER_P, PDB_I, PDB_P] = [1 %, 1 %, 15ms, 15ms] for CG
· For UL AR video streams
· [PER_I, PER_P, PDB_I, PDB_P] = [1 %, 1 %, 30ms, 30ms]


In our simulations, we utilize alpha = 2.0 for both Option 1A (slice-based) and Option 1B (GOP-based). And we firstly present the evaluation results for reference case and then present some evaluation results for some study cases.
Group of Picture-based traffic model
For GOP-based traffic model, the combinations of different PDB and PER values are listed as follows.
Table 4 The combinations of different PDB and PER values for GOP-based traffic model
	Reference Case
	[PER_I, PER_P, PDB_I, PDB_P] = [1%, 1%, 10 ms, 10 ms]

	Case 1
	[PER_I, PER_P, PDB_I, PDB_P] = [10%, 1%, 10 ms, 10 ms]

	Case 2
	[PER_I, PER_P, PDB_I, PDB_P] = [1%, 10%, 10 ms, 10 ms]

	Case 3
	[PER_I, PER_P, PDB_I, PDB_P] = [1%, 5%, 10 ms, 10 ms]
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Figure 12 Capacity results of the multiple stream model Option 1B (GOP-based) with different (PER, PDB)
According to Figure 12, the capacity performance for Option1B (GOP-based) traffic model of each case is summarized as follows.
Table 5 Summary of capacity performance (GOP-based) for different cases
	[PER_I, PER_P, PDB_I, PDB_P] Combinations
	Satisfied UE number per cell

	Reference Case [1%, 1%, 10ms, 10ms]
	10.8

	Case 1 [10%, 1%, 10ms, 10ms]
	12.2

	Case 2 [1%, 10%, 10ms, 10ms]
	10.9

	Case 3 [1%, 5%, 10ms, 10ms]
	10.9


By making comparison between reference case and Case 1, the capacity increases obviously from 10.8 to 12.2, which implies that relaxing the reliability of I-frame will dramatically increase the system capacity for GOP-based traffic model. While when we make comparison among reference case, Case 2 and Case 3, the capacity slightly increases from 10.8 to 10.9. Because for GOP-based traffic model, I-frames transmission is the bottleneck of system capacity. If some improvements for I-frames, such as, network coding, in high layer can be done to ensure the reliability in high layer, the PER in PHY can be relaxed and the capacity can increase consequently. 
[bookmark: _Toc55][bookmark: _Toc87003948][bookmark: _Toc28339]For GOP-based traffic model, relaxing the reliability of I-frame is capable of significantly improving system capacity while relaxing the reliability of P-frame slightly improves system capacity. 
Slice-based traffic model
For slice-based traffic model, the combinations of different PDB and PER values are listed as follows.
Table 6 The combinations of different PDB and PER values for slice-based traffic model
	Reference Case
	[PER_I, PER_P, PDB_I, PDB_P] = [1%, 1%, 10 ms, 10 ms]

	Case 1
	[PER_I, PER_P, PDB_I, PDB_P] = [1%, 5%, 10 ms, 10 ms]


In our simulation, 7 P-slices are generated and scheduled as a large P packet. And the PER and PDB are defined for the large P packet.
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Figure 13 Capacity results of the multiple stream model Option 1A (Slice-based) with different (PER, PDB)
According to Figure 13, the capacity performance for Option1A (Slice-based) traffic model of each case is summarized as follows.
Table 7 Summary of capacity performance (Slice-based) for different cases
	[PER_I, PER_P, PDB_I, PDB_P] Combinations
	Satisfied UE number per cell

	Reference Case [1%, 1%, 10ms, 10ms]
	12.7

	Case 1 [1%, 5%, 10ms, 10ms]
	14.6


By making comparison between reference case and Case 1, the capacity increases obviously from 12.7 to 14.6, which implies that relaxing the reliability of P-slice will dramatically increase the system capacity for slice-based traffic model.
[bookmark: _Toc14554][bookmark: _Toc87003949][bookmark: _Toc20061]For Slice-based traffic model, relaxing the reliability of P slice is capable of significantly improving system capacity. 
Potential enhancement on capacity performance
Adaptive inter-UE/intra-UE multiplexing
2.4.1.1 UE multiplexing with different traffic  
Considering the case when the existing network starts to carry the XR service, the network is likely to encounter severe challenges. One of the unavoidable problems is XR coexistence with existing service, including, e.g. uRLLC and eMBB. 
Taking coexistence between uRLLC service and XR service as an example, the available approach is to utilize preemption scheme to achieve uRLLC and XR multiplexing. The uRLLC transmission may preempt an ongoing XR transmission, i.e. puncturing the resource elements already scheduled for XR. To this end, the preemption indication is needed for indicating the preempted area to help XR UE transmission/re-transmission. For uRLLC and eMBB multiplexing, current Rel-15 preemption indication mechanism is introduced for uRLLC enhancement by indicating the preemption area of eMBB at symbol level. This mechanism may not cause heavy performance loss of eMBB, because of relatively loose latency requirement for eMBB, which allows more re-transmissions to reach the reliability constraint. However, when it comes to XR, things are different. Due to its eMBB-like large data amount and uRLLC-like stringent latency, excessive radio resources of XR are wasted by current Rel-15 preemption indication mechanism, resulting in frequent re-transmissions and large amount of XR packets dropped due to the failure to meeting the PDB. 
In a word, XR is more sensitive in PDB/reliability compared with eMBB. Therefore, finer granularity preemption indication should be considered to solve the problem of Rel-15 preemption indication in uRLLC and XR multiplexing. 
[bookmark: _Toc87003950][bookmark: _Toc8284][bookmark: _Toc32141]Finer granularity preemption indication should be considered for XR coexistence.
In our simulation, uRLLC traffic and XR traffic are considered as the two types of traffic to be transmitted in the system, where uRLLC traffic has higher priority (HP) while XR traffic has a relatively low priority (LP). According to [3-6], the parameters of two traffic models are shown as follows.
Table 8 Parameters of uRLLC and eMBB
	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

	AR/VR
	30Mbps, truncate Gaussian distribution
	16.67 ms
	1%
	10ms
	0


In our simulation, there are around 20% uRLLC UEs and 80% XR UEs in system. Some of uRLLC UEs are scheduled orthogonal to XR UEs by PF scheduler, while others are activated in concurrence with XR UEs.
According to traffic models and assumptions mentioned above, we consider the following cases of preemption patterns for uRLLC UEs and XR UEs multiplexing:
· Enhanced preemption indication: Precise preemption area indication
· Rel-15 preemption indication: Bitmap for indicating preempted symbols, e.g. 4 out of 14 symbols
· No preemption: Directly transmit the multiplexing TB size with inter-UE interference.
[image: Preemption比例说明]
Figure 14 Illustration for different preemption pattern
The simulation parameters are listed in Table A.1. Then, the simulation results are shown as follows.
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Figure 15 Capacity performance & RU comparison among Enhanced preemption indication, Rel-15 preemption indication and No preemption indication.
According to Figure 15, with MU-MIMO, the system capacity of no preemption indication is 8.5 UEs, the system capacity of Rel-15 preemption indication is 11.8 UEs, while the system capacity of enhanced preemption indication is 16.6 UEs.
[bookmark: _Toc87003951][bookmark: _Toc2984]Capacity performances are increased from [8.5] without preemption to [16.6] with enhanced preemption by about [95.29%] using MU-MIMO for XR traffic coexistence with uRLLC traffic in DL FR1 indoor hotspot scenario. 
[bookmark: _Toc87003952][bookmark: _Toc15296]Capacity performances are increased from [11.8] with Rel-15 preemption to [16.6] with enhanced preemption by about [40.68%] using MU-MIMO for XR traffic coexistence with uRLLC traffic in DL FR1 indoor hotspot scenario. 
2.4.1.2 UE multiplexing with different streams
The preemption scheme is not only helpful for UE multiplexing with different traffic, including, e.g., XR UE and uRLLC UE multiplexing, but also feasible for UE multiplexing with different streams (e.g. audio/data +video and I-slice and P-slice). In our simulation, we considered Option2: audio/data + video multi-streams traffic model as well as Option1: slice-based traffic model along with single-stream video traffic model for UE multiplexing with different streams. 
UE multiplexing in audio/data + video multi-streams traffic model
In RAN1#106-e meeting, the audio/data stream of multi-streams traffic model for audio/data + video has been agreed as follows [2].
	Agreement
For Option 2 (video + audio/data) of evaluation of DL two streams that is an optional evaluation scenario, the audio/data flow is modelled as follows:
· A stream aggregating streams of audio and data 
· Periodicity: 10ms
· Data rate: 0.756 Mbps/s or 1.12 Mbps 
· Packet size: determined by periodicity and data rate
· PDB: 30ms (baseline).  Other values can be optionally evaluated. 
· PER: 1% (baseline). Other values, e.g., 0.1%, can be optionally evaluated.


For some use cases, audio/data streams with stringent latency and high reliability requirement may have higher priority than video stream. When collision occurs between audio streams and video streams, one of feasible solution is that the interrupt audio streams preempt the ongoing video streams to achieve inter-UE/intra-UE multiplexing. 
To this end, parameters for each stream are listed as follows.
Table 9 Parameters of audio/data stream and VR/AR stream.
	Stream description
	Packet size
	Periodicity
	PER
	PDB
	Priority

	Stream1: Audio/Data
	Fixed 1400 Bytes
	10 ms
	0.1%
	10ms
	1

	Stream2: VR/AR
	30Mbps, truncate Gaussian distribution
	16.67 ms
	1%
	10ms
	0


According to traffic models and assumptions mentioned above, we also consider the following cases of preemption patterns for UE multiplexing with audio/data stream and video stream:
· Enhanced preemption indication: Precise preemption area indication
· Rel-15 preemption indication: Bitmap for indicating preempted symbols, e.g. 2 out of 14 symbols
· No preemption: Directly transmit the multiplexing TB size with inter-UE/intra-UE interference.
[image: 多流Preemption比例说明]
Figure 16 Illustration for different preemption pattern 
The simulation parameters are listed in Table A.1. And the audio/data streams follow the same jitter model as that of video stream. Then, the simulation results are shown as follows.
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Figure 17 Capacity performance & RU comparison among Enhanced preemption indication, Rel-15 preemption indication and No preemption indication for audio/data + video multi-stream traffic model
According to Figure 17, with MU-MIMO, the system capacity of no preemption indication is 4.9 UEs, the system capacity of Rel-15 preemption indication is 5.7 UEs, while the system capacity of enhanced preemption indication is 8.4 UEs.
[bookmark: _Toc87003953][bookmark: _Toc21482]Capacity performances are increased from [4.9] without preemption to [8.4] with enhanced preemption by about [71.43%] using MU-MIMO for Option 2: audio/data + video multi-streams model in DL FR1 indoor scenario.
[bookmark: _Toc87003954][bookmark: _Toc11018]Capacity performances are increased from [5.7] with Rel-15 preemption to [8.4] with enhanced preemption by about [47.37%] using MU-MIMO for Option 2: audio/data + video multi-streams model in DL FR1 indoor scenario. 
UE multiplexing in slice-based multi-streams traffic model with single-stream traffic model
In the realistic system, both UEs with multi-streams traffic model and UEs with single-stream traffic model are likely to exist. For this case, due to stringent latency and high reliability requirement, transmission for I-slices has high priority than that for both P-slice and single video stream. When collision between I-slices and P-slices/video streams occurs abruptly, one of feasible solution is that the I-slices preempt the ongoing P-slices or video stream to achieve inter-UE/intra-UE multiplexing.    
The parameters for slice-based multi-streams traffic model and single-stream traffic model are listed as follows.
Table 10 Parameters of slice-based multi-streams traffic model and single-stream traffic model
	Stream description
	Packet size
	Periodicity
	PER
	PDB
	Priority

	Stream1: I-slice
Stream2: P-slice
	Stream 1: 6.7Mbps
Stream 2: 23.3Mbps,
Truncate Gaussian distribution
	16.67 ms
	Stream 1: 0.1%
Stream 2: 1%
	Stream 1:
5ms
Stream 2: 10ms
	Stream 1:
1
Stream 2:
0

	Stream2: VR/AR
	30Mbps, truncate Gaussian distribution
	16.67 ms
	1%
	10ms
	0


As mentioned above, the preemption pattern in Figure 14 is considered for this simulation. Therefore, the evaluations are provided in Figure 18.
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Figure 18  Capacity performance & RU comparison among Enhanced preemption indication, Rel-15 preemption indication and No preemption indication for slice-based multi-streams traffic model along with single-stream traffic model.
According to Figure 18, with MU-MIMO, the system capacity of no preemption indication is 4.5 UEs, the system capacity of Rel-15 preemption indication is 7.1 UEs, while the system capacity of enhanced preemption indication is 10.2 UEs.
[bookmark: _Toc87003955][bookmark: _Toc15367]Capacity performances are increased from [4.5] without preemption to [10.2] with enhanced preemption by about [126.67%] using MU-MIMO for Option 1A: slice-based multi-streams traffic model along with single-stream traffic model in DL FR1 indoor scenario.
[bookmark: _Toc87003956][bookmark: _Toc9830]Capacity performances are increased from [7.1] with Rel-15 preemption to [10.2] with enhanced preemption by about [43.66%] using MU-MIMO for Option 1A: slice-based multi-streams traffic model along with single-stream traffic model in DL FR1 indoor scenario.
Enhanced buffer status reporting for UL transmission
For UL AR video transmission, since data packets are characterized by large amount and variability, buffer size determination through current legacy buffer status reporting (BSR) may waste radio resource of PUSCH and decrease the UL system capacity according to [7]. To this end, enhanced buffer size determination through enhanced buffer status reporting (BSR) should be considered to enhance system capacity by improve the utilization efficiency of radio resource and transmitting the packets on time. 
In our simulation, the illustration on enhanced BSR and current legacy BSR is depicted as follows.
[image: PreciseBSR示意图]
Figure 19 Differentiation illustration on enhanced BSR and current legacy BSR
The agreed traffic models for UL AR is used in our simulation. And detailed parameters have been listed in the following table.
Table 11 Simulation Parameters for UL AR video
	Traffic model
	Bit Rate (Mbps)
	PDB (ms)
	Mean (byte)
	STD (byte)
	Max (byte)
	Min (byte)

	10Mbps@60fps
	10
	30
	20833
	2188
	31250
	10417

	20Mbps@60fps
	20
	30
	41667
	4375
	62500
	20833
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	(a)UL AR video 10Mbps@60fps
	(b)UL AR video 20Mbps@60fps



Figure 20 Capacity comparison between enhanced BSR and current legacy BSR.
According to Figure 20, with MU-MIMO, for 10Mbps@60fps traffic model, the system capacity of legacy BSR indication is 9.5 UEs, while the system capacity of enhanced BSR indication is 10.9 UEs.
According to Figure 20, with MU-MIMO, for 20Mbps@60fps traffic model, the system capacity of legacy BSR indication is 3.4 UEs, while the system capacity of enhanced BSR indication is 5.1 UEs.
[bookmark: _Toc87003957][bookmark: _Toc11762]For 10Mbps@60fps, capacity performances are increased from [9.5] with legacy BSR indication to [10.9] with enhanced BSR indication by about [14.47%] using MU-MIMO in UL FR1 dense urban scenario. 
[bookmark: _Toc87003958][bookmark: _Toc10053]For 20Mbps@60fps, capacity performances are increased from [3.4] with legacy BSR indication to [5.1] with enhanced BSR indication by about [50.00%] using MU-MIMO in UL FR1 dense urban scenario.

Power consumption
[bookmark: _Toc82][bookmark: _Toc525][bookmark: _Toc29089][bookmark: _Toc29400]DL power saving scheme
As discussed in previous RAN1 meetings, power consumption is one important KPI of XR. In RAN1#106bis-e meeting, some power consumption results of Baseline and eCDRX are provided [7]. In this section, more power consumption evaluation results are provided. In line with the previous meetings’ agreement, the following assumptions are adopted in the evaluation of power consumption.
· The power consumption results for both all UEs and only satisfied UEs are counted to comprehensively evaluate XR power consumption performance. 
· Both linear interpolation method and step function with only two transmission power values are used to count UL power consumption.
· 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.
· Step function: power number is given as A for X= [0, M]dBm and B for X =[M, 23]dBm, where A and B (defined in 38.840) correspond to power consumption numbers for a given uplink slot for 0dBm and 23dBm respectively, M=20dBm 
· Using the power model of 0 dBm for UE with transmission power less than 0 dBm.
· The same number of UE per cell is used in baseline and power saving schemes and the results for baseline capacity are reported.
· The power consumption of CSI reporting and SRS transmission is not considered. The power models are shown in Table B.1 and B.2 in Appendix B.
· The power of “PDCCH+PDSCH+PUSCH”, “PDSCH+PUSCH” and “PDCCH+PUSCH” is the sum of corresponding DL power consumption and PUSCH power consumption. For example, the power value of “PDCCH+PUSCH” is equal to the sum of power of “PDCCH-only” and power of “PUSCH”.
In this section, the following schemes are evaluated:
· Baseline (Always On): No power saving technique is applied, that is, UE is always in Active Time.
· R15 CDRX:  R15 CDRX is used.
· Enhanced DRX mechanism 
· eCDRX (offset) : With this enhanced DRX mechanism, i.e., eCDRX (offset), the change of drx-startoffset can be triggered periodically. In the following evaluations, the drx-startoffset is dynamically adapted every 100ms.
· eCDRX (offset + active): For eCDRX (offset + active), it allows UE to wake up at an additional active window during DRX off state in addition to the dynamic update of drx-startoffset. The additional active window is triggered if UE does not receive any data during the DRX ON period, or UE receives a triggering indication. The length of the additional time is 4ms in the simulation.
More details of eCDRX mechanism can be found in [7]. For the evaluation of power consumption of the above schemes, the results of joint UL&DL and DL only are provided.
In the following power consumption evaluation, the DRX settings are captured in Table 12. 
Table 12 DRX settings
	
	DRX cycle
	Drx-onDurationTimer
	Drx-inactivityTimer
	Drx-RetransmissionTimer

	DRX setting 1(ms)
	16
	6
	4
	4

	DRX setting 2(ms)
	10
	8
	4
	4

	DRX setting 3(ms)
	16
	8
	4
	4


The traffic models used for power consumption evaluation are presented in Table 13.
Table 13 Traffic models for power consumption evaluation
	Traffic Model No.
	Mean (Byte)
	STD (Byte)
	Maximum (Byte)
	Minimum (Byte)
	PDB
(ms)

	TM1
	62500
	6563
	93750
	31250
	10

	TM2
	62500
	6563
	93750
	31250
	15

	TM3
	93750
	9844
	140625
	46875
	10


DL+UL simulation results
In this section, a method of obtaining a joint power consumption by independently evaluating DL and UL power consumption is used. The method includes:
· Evaluating DL and UL power consumption independently;
· Collecting DL and UL slot states respectively;
· Recombining these slot states in a single timeline;
· Calculating overall power consumption according to the recombined timeline.
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.
1.1.1.1   FR1 InH DL+UL
The power consumption results of VR traffic with 10ms PDB and UL pose traffic are shown in Table 14-15. The power consumption results of CG traffic with 15ms PDB and UL pose traffic are shown in Table 16.
Table 14 FR1 power consumption results in Indoor Hotspot scenario (TM1, UL pose traffic)
	Power Saving Scheme
	#UEs per cell
	C1=floor(Capacity)
	Percentage of satisfied UE
	Type of counted UEs
	Mean PS gain compared to Case 1

	
	
	
	
	
	Linear interpolation
	Step function

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

	
	
	
	
	Satisfied UE
	/
	/

	
	10
	11
	93%
	All UE
	/
	/

	
	
	
	
	Satisfied UE
	/
	/

	R15 CDRX
(10,8,4)
	11
	11
	90.15%
	All UE
	6%
	6%

	
	
	
	
	Satisfied UE
	6.7%
	6.65%

	eCDRX (offset)
 (16,8,4)
	11
	11
	86.36%
	All UE
	20.24%
	20.22%

	
	
	
	
	Satisfied UE
	20.64%
	20.62%

	eCDRX (offset +active)
 (16,6,4)
	11
	11
	91.67%
	All UE
	20.5%
	20.5%

	
	
	
	
	Satisfied UE
	21.5%
	21.6%



Table 15 FR1 power consumption results in Indoor Hotspot scenario (TM3, UL pose traffic)
	Power Saving Scheme
	#UEs per cell
	C1=floor(Capacity)
	Percentage of satisfied UE
	Type of counted UEs
	Mean PS gain compared to Case 1

	
	
	
	
	
	Linear interpolation
	Step function

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

	
	
	
	
	Satisfied UE
	/
	/

	R15 CDRX
(10,8,4)
	7
	7
	87%
	All UE
	7.22%
	7.22%

	
	
	
	
	Satisfied UE
	7.83%
	7.82%

	eCDRX (offset)
(16,8,4)
	7
	7
	80%
	All UE
	25.65%
	25.63%

	
	
	
	
	Satisfied UE
	27.92%
	27.9%

	eCDRX (offset +active)
(16,6,4)
	7
	7
	86.3%
	All UE
	25.1%
	25%

	
	
	
	
	Satisfied UE
	28.6%
	28.5%


According to the above simulation results, R15 CDRX scheme can provide 6%-7.83% power saving gain with 3%-4% capacity loss. The eCDRX (offset) scheme can provide 16.56%-20.64% power saving gain with 6.82%-11% capacity loss for VR traffic. For eCDRX (offset + active) scheme, the power saving gain is in the range of {20.5%,21.6%} for high load with 1.51% of satisfied UE loss.
[bookmark: _Toc87003961][bookmark: _Toc8086]In FR1, DL+UL only evaluation, InH, VR30, ccomparing to UE always on, following is observed:
[bookmark: _Toc87003962][bookmark: _Toc3380]- for R15 CDRX power saving scheme, the power saving gain is in the range of {6%,6.65%} for high load with 3.03% of satisfied UE loss.
[bookmark: _Toc87003963][bookmark: _Toc30293]- for eCDRX (offset) power saving scheme, the power saving gain is in the range of {20.22%,20.62%} for high load with 6.82% of satisfied UE loss.
[bookmark: _Toc87003964][bookmark: _Toc17393]- for eCDRX (offset + active) power saving scheme, the power saving gain is in the range of {20.5%,21.6%} for high load with 1.51% of satisfied UE loss.
[bookmark: _Toc87003965][bookmark: _Toc9042]In FR1, DL+UL only evaluation, InH, VR45, comparing to UE always on, following is observed:
[bookmark: _Toc87003966][bookmark: _Toc17159]- for R15 CDRX power saving scheme, the power saving gain is in the range of {7.22%,7.83%} for high load with 4% of satisfied UE loss.
[bookmark: _Toc87003967][bookmark: _Toc10002]- for eCDRX (offset) power saving scheme, the power saving gain is in the range of {25.63%,27.92%} for high load with 11% of satisfied UE loss.
[bookmark: _Toc87003968][bookmark: _Toc31587]- for eCDRX (offset + active) power saving scheme, the power saving gain is in the range of {25%,28.6%} for high load with 4.7% of satisfied UE loss.
Table 16 FR1 power consumption results in Indoor Hotspot scenario for CG (TM2, UL pose traffic)
	Power Saving Scheme
	#UEs per cell
	C1=floor(Capacity)
	Percentage of satisfied UE
	Type of counted UEs
	Mean PS gain compared to Case 1

	
	
	
	
	
	Linear interpolation
	Step function

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

	
	
	
	
	Satisfied UE
	/
	/

	R15 CDRX
(10,8,4)
	12
	12
	88.88%
	All UE
	4.5%
	4.5%

	
	
	
	
	Satisfied UE
	6.3%
	6.3%

	eCDRX (offset)
(16,8,4)
	12
	12
	85.4%
	All UE
	18.26%
	18.23%

	
	
	
	
	Satisfied UE
	20.36%
	20.34%

	eCDRX (offset +active)
(16,6,4)
	12
	12
	88.19%
	All UE
	21.4%
	21.3%

	
	
	
	
	Satisfied UE
	22.8%
	22.7%


According to the simulation results for CG in Table 13, the following can be observed:
[bookmark: _Toc87003969][bookmark: _Toc24390][bookmark: _Toc26756][bookmark: _Toc26188][bookmark: _Toc79216221]In FR1, DL+UL only evaluation, InH, CG30, comparing to UE always on, following is observed:
[bookmark: _Toc87003970][bookmark: _Toc10888]- for R15 CDRX power saving scheme, the power saving gain is in the range of {4.5%,6.3%} for high load with 7.65% of satisfied UE loss.
[bookmark: _Toc87003971][bookmark: _Toc22454]- for eCDRX (offset) power saving scheme, the power saving gain is in the range of {18.23%,20.36%} for high load with 11.13% of satisfied UE loss.
[bookmark: _Toc87003972][bookmark: _Toc2108]- for eCDRX (offset + active) power saving scheme, the power saving gain is in the range of {21.3%,22.7%} for high load with 8.34% of satisfied UE loss.
According to the simulation results above, it can be seen that eCDRX (offset + active) with drx-startoffset adaptation and additional active time can provide significant power saving gain with minimal capacity loss.
[bookmark: _Toc87003973][bookmark: _Toc24483]The eCDRX (offset + active) with drx-startoffset adaptation and additional active time can provide significant power saving gain with minimal capacity loss.
DL simulation results
The results considering only DL states in the evaluation are provided in this section. In the DL only evaluation, the state of UL slots is set to “sleep state”.
1.1.1.2   FR1 InH DL
The power consumption results of only DL VR traffic with 10ms PDB are shown in Table 17-18. The power consumption results of only DL CG traffic with 15ms PDB are shown in Table 19.
Table 17 FR1 power consumption results in Indoor Hotspot scenario (TM1 only)
	Power Saving Scheme
	#UEs per cell
	C1=floor(capacity)
	Percentage of satisfied UE
	Type of counted UEs
	Mean PS gain compared to Case 1

	Case 1
Always On
	11
	11
	93.18%
	All UE
	/

	
	
	
	
	Satisfied UE
	/

	
	10
	11
	93%
	All UE
	/

	
	
	
	
	Satisfied UE
	/

	R15 CDRX
(10,8,4)
	11
	11
	90.15%
	All UE
	6.2%

	
	
	
	
	Satisfied UE
	7.1%

	eCDRX(offset)
(16,8,4)
	11
	11
	86.36%
	All UE
	29.43%

	
	
	
	
	Satisfied UE
	30.13%

	eCDRX (offset +active)
(16,6,4)
	11
	11
	91.67%
	All UE
	29.8%

	
	
	
	
	Satisfied UE
	31.78%


Table 18 FR1 power consumption results in Indoor Hotspot scenario (TM3 only)
	Power Saving Scheme
	#UEs per cell
	C1=floor(capacity)
	Percentage of satisfied UE
	Type of counted UEs
	Mean PS gain compared to Case 1

	Case 1
Always On
	7
	7
	91%
	All UE
	/

	
	
	
	
	Satisfied UE
	/

	R15 CDRX
(10,8,4)
	7
	7
	87%
	All UE
	7.4%

	
	
	
	
	Satisfied UE
	8.1%

	eCDRX(offset)
(16,8,4)
	7
	7
	80%
	All UE
	29.1%

	
	
	
	
	Satisfied UE
	31%

	eCDRX(offset +active)
(16,6,4)
	7
	7
	86.3%
	All UE
	29.7%

	
	
	
	
	Satisfied UE
	32.3%


Table 19 FR1 power consumption results in Indoor Hotspot scenario for CG (TM2 only)
	Power Saving Scheme
	#UEs per cell
	C1=floor(capacity)
	Percentage of satisfied UE
	Type of counted UEs
	Mean PS gain compared to Case 1

	Case 1
Always On
	12
	12
	96.53%
	All UE
	/

	
	
	
	
	Satisfied UE
	/

	R15 CDRX
(10,8,4)
	12
	12
	88.88%
	All UE
	4.2%

	
	
	
	
	Satisfied UE
	6.1%

	eCDRX(offset)
(16,8,4)
	12
	12
	85.4%
	All UE
	26.38%

	
	
	
	
	Satisfied UE
	29.47%

	eCDRX(offset +active)
(16,6,4)
	12
	12
	88.19%
	All UE
	32.4%

	
	
	
	
	Satisfied UE
	34.5%


As the UL slots are all set to “sleep states” in DL only evaluation, the power saving gain for DL only evaluation is greater than the gain obtained in DL+UL evaluation. According to the power evaluation results in Table 17-19, the following can be observed.
[bookmark: _Toc87003974][bookmark: _Toc10997]In FR1, DL only evaluation, InH, VR30, comparing to UE always on, following is observed:
[bookmark: _Toc87003975][bookmark: _Toc28443]- for R15 CDRX power saving scheme, the power saving gain is in the range of {6.2%,7.1%} for high load with 3.03% of satisfied UE loss.
[bookmark: _Toc87003976][bookmark: _Toc8265]- for eCDRX(offset) power saving scheme, the power saving gain is in the range of {29.43%-30.13%} for high load with 6.82% of satisfied UE loss.
[bookmark: _Toc87003977][bookmark: _Toc1043]- for eCDRX(offset +active) power saving scheme, the power saving gain is in the range of {29.8%,31.78%} for high load with 1.51% of satisfied UE loss.
[bookmark: _Toc87003978][bookmark: _Toc25125]In FR1, DL only evaluation, InH, VR45, comparing to UE always on, following is observed:
[bookmark: _Toc87003979][bookmark: _Toc7502]- for R15 CDRX power saving scheme, the power saving gain is in the range of {7.4%,8.1%} for high load with 4% of satisfied UE loss.
[bookmark: _Toc87003980][bookmark: _Toc22183]- for eCDRX(offset) power saving scheme, the power saving gain is in the range of {29.1%-31%} for high load with 11% of satisfied UE loss.
[bookmark: _Toc87003981][bookmark: _Toc26955]- for eCDRX(offset +active) power saving scheme, the power saving gain is in the range of {29.7%,32.3%} for high load with 4.7% of satisfied UE loss.
[bookmark: _Toc87003982][bookmark: _Toc14278]In FR1, DL only evaluation, InH, CG30, comparing to UE always on, following is observed:
[bookmark: _Toc87003983][bookmark: _Toc12753]- for R15 CDRX power saving scheme, the power saving gain is in the range of {4.2%,6.1%} for high load with 7.65% of satisfied UE loss.
[bookmark: _Toc87003984][bookmark: _Toc26923]- for eCDRX(offset) power saving scheme, the power saving gain is in the range of {26.38%-29.47%} for high load with 11.13% of satisfied UE loss.
[bookmark: _Toc87003985][bookmark: _Toc4319]- for eCDRX(offset +active) power saving scheme, the power saving gain is in the range of {32.4%,34.5%} for high load with 8.34% of satisfied UE loss.
1.1.1.3   FR1 DU DL
Table 20 FR1 power consumption results in Dense urban scenario (TM3 only)
	Power Saving Scheme
	#UEs per cell
	C1=floor(capacity)
	Percentage of satisfied UE
	Type of counted UEs
	Mean power
	Mean PS gain compared to Case 1

	Case 1
Always On
	7
	7
	96.6%
	All UE
	109.8
	/

	
	
	
	
	Satisfied UE
	109.2
	/

	eCDRX (offset +active)
(16,6,4)
	7
	7
	90%
	All UE
	77
	29.9%

	
	
	
	
	Satisfied UE
	75.2
	31.2%


[bookmark: _Toc87003986][bookmark: _Toc13802]In FR1, DL only evaluation, DU, VR45, comparing to UE always on, following is observed:
[bookmark: _Toc87003987][bookmark: _Toc8707]- for eCDRX(offset +active) power saving scheme, the power saving gain is in the range of {29.9%, 31.23%} for high load with 6.6% of satisfied UE loss.
UL power saving scheme
In this section, some UL power saving schemes are evaluated. The UL power model is described in section 3.1. Only uplink traffic is considered.
SR group switching
(1) SR group switching scheme
In this section, UL pose/control traffic: 0.2Mbps@250fps, 10ms is evaluated. Dynamic grant scheduling is used for the traffic streams. If UE has traffic to be transmitted, SR will be transmitted firstly and then UE detect PDCCH for dynamic UL grant from gNB. The SR transmission occasion is configured by RRC signaling according to Release 15 and Release 16 specification. SR transmission occasion is determined by a periodicity and an offset. As discussed in [7], a frequent SR transmission will lead to higher power consumption as UE has to monitor more monitor PDCCH for UL grant. 
In this section, the following schemes are simulated:
· Baseline: The UL is set as always-on in the baseline. It means UE can perform UL transmission at every UL slots/symbols if needed. If UE transmits SR, UE will monitor PDCCH for the subsequent 2.5ms, otherwise, UE does not monitor PDCCH.
· SR group switching: Two SR groups are assumed, where the periodicities of SR group #1 and SR group #2 are 1 slot and 15 slots, respectively. The cycle of SR group switching behavior is 16ms, where SR group #1 is active and SR group #2 is disable in the first 6ms, and SR group #2 is active and SR group #1 is disable in the next 10ms. The scheme of SR group switching is shown in Figure 21.
[image: ]
Figure 21 Illustration of SR group switching
1.1.1.4   FR1 InH UL
Table 21 FR1 power consumption results in Indoor Hotspot scenario (pose/control)
	application
	Scheme
	avg # UEs/ cell = N1
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell = N1
	Average PS gain (%)

	
	
	
	
	
	Linear interpolation
	Step function

	UL:pose/control
	Baseline
	11
	-
	100%
	/
	/

	
	SR group
	11
	-
	100%
	12%
	12.1%


Note: the power consumption of SR, PDCCH and PUSCH is considered.
[bookmark: _Toc87003988][bookmark: _Toc32000]In FR1, UL only evaluation, InH, pose/control stream, compared to UE can always transmit UL signal scheme, following is observed:
[bookmark: _Toc87003989][bookmark: _Toc15195]- for SR group switching power saving scheme, the power saving gain is in the range of {12%, 12.1%} for low load with 0% of satisfied UE loss.
1.1.1.5   FR1 DU UL
Table 22 FR1 power consumption results in dense urban scenario (pose/control)
	Application
	Scheme
	avg # UEs/ cell = N1
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell = N1
	Average PS gain (%)

	
	
	
	
	
	Linear interpolation
	Step function

	UL:pose/control
	Baseline
	11
	-
	100%
	/
	/

	
	SR group
	11
	-
	100%
	11.4%
	11.37%


[bookmark: _Toc87003990][bookmark: _Toc19138]In FR1, UL only evaluation, DU, pose/control stream, compared to UE can always transmit UL signal scheme, following is observed:
[bookmark: _Toc87003991][bookmark: _Toc21468]- for SR group switching power saving scheme, the power saving gain is in the range of {11.37%, 11.4%} for low load with 0% of satisfied UE loss.
UL active time
In this section, pose/control signal is transmitted according to configured grant (CG) scheduling. The periodicity of configured grant is set as 2.5ms. The following schemes are evaluated:  
· Baseline: UL is set as always on in the baseline. It means UE can transmit PUSCH at every CG occasion if needed. DL slots are considered as sleep slot.
· UL active time: The pose/control signal can be transmitted within a UL active time. The configuration of UL active time is shown in Figure 22. The cycle of UL active time is 8ms and the duration of UL active time is 4ms/3ms. DL slots are considered as sleep slot.
[image: ]
Figure 22 Illustration of UL active time 
1.1.1.6   FR1 InH UL
Table 23 FR1 power consumption results in Indoor Hotspot scenario (pose/control)
	Application
	Scheme
	avg # UEs/ cell = N1
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell = N1
	Average PS gain (%)

	
	
	
	
	
	Linear interpolation
	Step function

	UL:pose/control
	Baseline
	11
	-
	100%
	/
	/

	
	UL active time
(cycle=8, duration=4)
	11
	-
	100%
	13.7%
	13.67%

	
	UL active time
(cycle=8, duration=3)
	3
	-
	100%
	18.67%
	19%


[bookmark: _Toc87003992][bookmark: _Toc3730]In FR1, UL only evaluation, InH, pose/control traffic, compared to UE can always transmit UL signal scheme, following is observed:
[bookmark: _Toc87003993][bookmark: _Toc10383]- for UL active time power saving scheme, the power saving gain is in the range of {13.67%, 19%} for low load with 0% of satisfied UE loss.
1.1.1.7   FR1 DU UL
Table 24 FR1 power consumption results in Dense Urban scenario (pose/control)
	Application
	Scheme
	avg # UEs/ cell = N1
	C1=floor(Capacity)
	% of satisfied UEs when #UEs/cell = N1
	Average PS gain (%)

	
	
	
	
	
	Linear interpolation
	Step function

	UL:pose/control
	Baseline
	11
	-
	100%
	/
	/

	
	UL active time
	11
	-
	100%
	13.2%
	14.3%


[bookmark: _Toc87003994][bookmark: _Toc22440]In FR1, UL only evaluation, DU, pose/control traffic, compared to UE can always transmit UL signal scheme, following is observed:
[bookmark: _Toc87003995][bookmark: _Toc221]- for UL active time power saving scheme, the power saving gain is in the range of {13.2%, 14.3%} for low load with 0% of satisfied UE loss.

Coverage
In RAN1#106-e meeting, the methodologies for coverage have been agreed as follows.
	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.



DL Coverage
In this subsection, simulation results for DL coverage are provided.
The CDF of coupling gain for DL indoor hotspot, dense urban and urban macro with Optional methodology 1 (B UEs per cell) when B = capacity is shown in Figure 23, Figure 24 and Figure 25, respectively.
	[image: ]


Figure 23 CDF of coupling gain for DL indoor hotspot with Optional methodology 1 (B = capacity).
	[image: ]


Figure 24 CDF of coupling gain for DL Dense Urban with Optional methodology 1 (B = capacity).
	[image: ]


Figure 25 CDF of coupling gain for DL Dense Urban with Optional methodology 1 (B = capacity).
[bookmark: _Toc87003996][bookmark: _Toc6315]The 5-percentile points in CDF of DL coupling gain with optional methodology 1 for “Satisfied ” UEs are summarized in Table 25.
Table 25 The 5% points of the coupling gain CDF for DL with Optional methodology 1 for satisfied UEs.
	Application
	Indoor Hotspot
	Dense Urban
	Urban Macro

	AR/VR 30Mbps
	-82.24 dB
	-118.08 dB
	-140.76 dB

	CG 30Mbps
	-82.18 dB
	-120.41 dB
	-139.86 dB

	AR/VR 45Mbps
	-82.12 dB
	-120.39 dB
	-139.56 dB


UL Coverage
In this subsection, simulation results for DL coverage are provided.
The CDF of coupling gain for UL indoor hotspot with Optional methodology 1 (B UEs per cell) using Pose/Control traffic model (0.2Mbps@250fps, 10ms) and video traffic model (10Mbps@60fps, 30ms) when B = capacity is shown in Figure 26 and Figure 27, respectively.
While the CDF of coupling gain for UL dense urban with Optional methodology 1 (B UEs per cell) using Pose/Control traffic model (0.2Mbps@250fps, 10ms) and video traffic model (10Mbps@60fps, 30ms) when B = capacity is shown in Figure 28 and Figure 29, respectively.
	[image: ]


Figure 26 CDF of coupling gain for UL indoor hotspot in Pose/Control traffic with Optional methodology 1 (B = capacity).
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Figure 27 CDF of coupling gain for UL indoor hotspot in UL AR video traffic with Optional methodology 1 (B = capacity).
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Figure 28 CDF of coupling gain for UL dense urban in Pose/Control traffic with Optional methodology 1 (B = capacity).
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Figure 29 CDF of coupling gain for UL dense urban in UL AR video traffic with Optional methodology 1 (B = capacity).
[bookmark: _Toc87003997][bookmark: _Toc12842]The 5-percentile points in CDF of UL coupling gain with optional methodology 1 for “Satisfied ” UEs are summarized in Table 26.
Table 26 The 5% points of the coupling gain CDF for UL with Optional methodology 1 for satisfied UEs.
	Application
	Indoor Hotspot
	Dense Urban

	Pose/Control: 0.2Mbps
	-79.62dB (25UE)
	-119.72dB (25UE)

	AR/VR: 10Mbps
	-79.56dB (10UE)
	-120.07dB (10UE)


Summary of Coverage Evaluation Results
According to Figure 26-29, the coverage metric with 5%-tile point in the CDF curve of coupling gain for all satisfied by methodology 1 are summarized in the following table.
Table 27 Summary of coverage evaluation results (B = Capacity)
	Application
	Indoor Hotspot
	Dense Urban
	Urban Macro

	DL
	AR/VR 30Mbps
	-82.24 dB 
	-118.08 dB
	-140.76 dB

	
	CG 30Mbps
	-82.18 dB
	-120.41 dB
	-139.86 dB

	
	AR/VR 45Mbps
	-82.12 dB
	-120.39 dB
	-139.56 dB

	UL
	Pose/Control
	-79.62dB
	-119.72dB
	-

	
	AR Video 10Mbps
	-79.56dB 
	-120.07dB
	-


[bookmark: _Toc87003998][bookmark: _Toc12643]The 5-percentile points in CDF of both DL and UL coupling gain with optional methodology 1 for “Satisfied” UEs are summarized in Table 27.
	Application
	Indoor Hotspot
	Dense Urban
	Urban Macro

	DL
	AR/VR 30Mbps
	-82.24 dB 
	-118.08 dB
	-140.76 dB

	
	CG 30Mbps
	-82.18 dB
	-120.41 dB
	-139.86 dB

	
	AR/VR 45Mbps
	-82.12 dB
	-120.39 dB
	-139.56 dB

	UL
	Pose/Control
	-79.62dB
	-119.72dB
	-

	
	AR Video 10Mbps
	-79.56dB 
	-120.07dB
	-



Mobility
In RAN1#106b-e meeting, the methodology for mobility has been agreed as follows.
	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 [image: image002(10-21-19-10-24)]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, e.g. as the following Table 1.
  Step 2. For a HO interruption time Y (calculated in Step 1) and the XR traffic pattern characterized by the inter-arrival time 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:
[image: image004(10-21-19-10-24)]
         where [image: image006(10-21-19-10-24)] is packet error rate during time outside of handover procedure. Companies can report the value of [image: image006(10-21-19-10-24)] 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 [image: image008(10-21-19-10-24)],  when Y < PDB; Or N = Y * R, and [image: image015(10-21-19-10-24)], 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.
Note: above Working Assumption made in this meeting does not need confirm anymore.


HO interruption time (Y) greater than or equal to packet delay budget 
When Y >= PDB, the minimum target time interval between HO events can be expressed as

                                   (1)   
In our simulation, we used the ratio between P_{E,OP} and PER, since the ratio is capable of representing not only the value of P_{E,OP}, but also the relative relationship between P_{E,OP} and PER. Given PER = 1% and PDB = 10ms, the simulation results are presented in Figure 30.
	[image: ]


Figure 31 Relationship between minimum HO interval T and HO interruption time Y with different ratios when Y >= PDB
According to Figure 30, we have the following observations: 
[bookmark: _Toc87003999][bookmark: _Toc17735]The HO interruption time (Y) and minimum HO interval time (T) are linear, when HO interruption time is greater than packet delay budget.
[bookmark: _Toc87004000][bookmark: _Toc14044]As the ratio of P_{E,OP} to PER increases, the ratio of increase in minimum HO interval time (T) vs. HO interruption time (Y) increase exhibits abrupt change at 0.8~0.95, when HO interruption time (Y) is greater than packet delay budget.
HO interruption time (Y) less than packet delay budget 
When Y < PDB, the minimum target time interval between HO events can be expressed as

                                      (2)
Then, given PER = 1%, the simulation results for relationship between minimum HO interval and HO interruption time with different ratios are provided as follows.
	[image: ]


Figure 31 Relationship between minimum HO interval T and HO interruption time Y with different ratios when Y < PDB
According to Figure 31, we have the following observations: 
[bookmark: _Toc87004001][bookmark: _Toc29835]The HO interruption time (Y) and minimum HO interval time (T) are linear, when HO interruption time (Y) is less than packet delay budget.
[bookmark: _Toc87004002][bookmark: _Toc30119]As the ratio of P_{E,OP} to PER increases, the ratio of increase in minimum HO interval time (T) vs. HO interruption time (Y) increase exhibits abrupt change at 0.8~0.95, when HO interruption time (Y) is greater than packet delay budget.
Based on Figure 31, we observe that there would be a critical ratio of P_{E,OP} to PER, which makes the value of T/Y changing abruptly. For further analysis, simulation results for relationship between T/Y and ratio with different PER are provided as follows.
	[image: ]


Figure 32 Relationship between different ratios and the value of T/Y with different PER when Y < PDB.
[bookmark: _GoBack]According to Figure 32, it is further confirmed that the critical ratio for abrupt change is about 0.8~0.95. From the perspective of system configuration, the minimum HO interval T is related to cell planing and configuration, while HO interruption time Y is different between different HO schemes. Therefore, reasonable configurations on minimum HO interval and HO interruption time is capable of reducing packet error rate during the time outside the HO procedure.
Based on the analysis above, we can obtained the following observations:
[bookmark: _Toc87004003][bookmark: _Toc12172]The minimum HO interval time (T) and HO interruption time (Y) should be configured reasonably in order to reduce packet error rate during the time outside the HO procedure. 
Moreover, according to previous discussion, the frame loss number (N) can be expressed as

                                (3)
Then, we present the following simulation results for the relationship between frame loss number N and HO interruption time Y with different inter arrival rate R. 
Table 28 Simulation Results for frame loss number (N) vs. HO interruption time (Y)
	HO Interruption Time Y (ms)
	0
	2
	4
	6
	8
	10

	Frame Loss Number N
	R = 1/8.33
	0
	0.24
	0.48
	0.72
	0.96
	1.20

	
	R = 1/16.67
	0
	0.12
	0.24
	0.36
	0.48
	0.60

	
	R = 1/33.33
	0
	0.06
	0.12
	0.18
	0.24
	0.30



Note: is considered in the simulation results per agreement.
According to Table 28, we have the following observations: 
[bookmark: _Toc87004004][bookmark: _Toc18207]For different inter arrival rate R, the larger inter arrival rate is, the greater rate of change in frame loss number (N) as the HO interruption time (Y) increases.
[bookmark: _Toc87004005][bookmark: _Toc31187]For a certain inter arrival rate R, e.g. R=1/16.67, frame loss number (N) linearly increases as the HO interruption time (Y) increases.
Conclusion
In this contribution, we have the following observations/conclusions:
Observation 1: For FR1 DL transmission with 99% reliability requirement, the capacity results can be summarized as follows.
	Scenario

Traffic
	AR/VR, 30Mbps
	CG, 30Mbps
	AR/VR, 45Mbps

	
	[10.5,150,50]
	[3,109,91]
	[10.5,150,50]
	[3,109,91]
	[10.5,150,50]
	[3,109,91]

	Indoor Hotspot
	11.4
	11.7
	12.9
	13.3
	7.2
	7.3

	Dense Urban
	12.5
	13.2
	14.7
	14.8
	7.8
	7.9

	Urban Marco
	10.0
	-
	11.6
	-
	6.0
	-



Observation 2: Some performance difference can be observed under different traffic model ratios.
Observation 3: For FR1 UL transmission with 99% reliability, the capacity results can be summarized as follows.
	Scenario

Traffic
	Pose/Control Fixed 100 Byte
	AR, 10Mbps

	Indoor Hotspot
	>40
	-

	Dense Urban
	-
	10.9



Observation 4: For FR2 DL transmission with 99% reliability, the capacity results can be summarized as follows.
	Scenario

Traffic
	AR/VR, 30Mbps
	CG, 30Mbps

	Indoor Hotspot
	7.8
	9.9



Observation 5: Reducing the data rate requirement can increase system capacity.
Observation 6: Relaxing the PDB can increase system capacity
Observation 7: Relaxing the PER can increase system capacity.
Observation 8: For GOP-based traffic model, relaxing the reliability of I-frame is capable of significantly improving system capacity while relaxing the reliability of P-frame slightly improves system capacity.
Observation 9: For Slice-based traffic model, relaxing the reliability of P slice is capable of significantly improving system capacity.
Observation 10: Finer granularity preemption indication should be considered for XR coexistence.
Observation 11: Capacity performances are increased from [8.5] without preemption to [16.6] with enhanced preemption by about [95.29%] using MU-MIMO for XR traffic coexistence with uRLLC traffic in DL FR1 indoor hotspot scenario.
Observation 12: Capacity performances are increased from [11.8] with Rel-15 preemption to [16.6] with enhanced preemption by about [40.68%] using MU-MIMO for XR traffic coexistence with uRLLC traffic in DL FR1 indoor hotspot scenario.
Observation 13: Capacity performances are increased from [4.9] without preemption to [8.4] with enhanced preemption by about [71.43%] using MU-MIMO for Option 2: audio/data + video multi-streams model in DL FR1 indoor scenario.
Observation 14: Capacity performances are increased from [5.7] with Rel-15 preemption to [8.4] with enhanced preemption by about [47.37%] using MU-MIMO for Option 2: audio/data + video multi-streams model in DL FR1 indoor scenario.
Observation 15: Capacity performances are increased from [4.5] without preemption to [10.2] with enhanced preemption by about [126.67%] using MU-MIMO for Option 1A: slice-based multi-streams traffic model along with single-stream traffic model in DL FR1 indoor scenario.
Observation 16: Capacity performances are increased from [7.1] with Rel-15 preemption to [10.2] with enhanced preemption by about [43.66%] using MU-MIMO for Option 1A: slice-based multi-streams traffic model along with single-stream traffic model in DL FR1 indoor scenario.
Observation 17: For 10Mbps@60fps, capacity performances are increased from [9.5] with legacy BSR indication to [10.9] with enhanced BSR indication by about [14.47%] using MU-MIMO in UL FR1 dense urban scenario.
Observation 18: For 20Mbps@60fps, capacity performances are increased from [3.4] with legacy BSR indication to [5.1] with enhanced BSR indication by about [50.00%] using MU-MIMO in UL FR1 dense urban scenario.
Observation 19: In FR1, DL+UL only evaluation, InH, VR30, ccomparing to UE always on, following is observed:
- for R15 CDRX power saving scheme, the power saving gain is in the range of {6%,6.65%} for high load with 3.03% of satisfied UE loss.
- for eCDRX (offset) power saving scheme, the power saving gain is in the range of {20.22%,20.62%} for high load with 6.82% of satisfied UE loss.
- for eCDRX (offset + active) power saving scheme, the power saving gain is in the range of {20.5%,21.6%} for high load with 1.51% of satisfied UE loss.
Observation 20: In FR1, DL+UL only evaluation, InH, VR45, comparing to UE always on, following is observed:
- for R15 CDRX power saving scheme, the power saving gain is in the range of {7.22%,7.83%} for high load with 4% of satisfied UE loss.
- for eCDRX (offset) power saving scheme, the power saving gain is in the range of {25.63%,27.92%} for high load with 11% of satisfied UE loss.
- for eCDRX (offset + active) power saving scheme, the power saving gain is in the range of {25%,28.6%} for high load with 4.7% of satisfied UE loss.
Observation 21: In FR1, DL+UL only evaluation, InH, CG30, comparing to UE always on, following is observed:
- for R15 CDRX power saving scheme, the power saving gain is in the range of {4.5%,6.3%} for high load with 7.65% of satisfied UE loss.
- for eCDRX (offset) power saving scheme, the power saving gain is in the range of {18.23%,20.36%} for high load with 11.13% of satisfied UE loss.
- for eCDRX (offset + active) power saving scheme, the power saving gain is in the range of {21.3%,22.7%} for high load with 8.34% of satisfied UE loss.
Observation 22: The eCDRX (offset + active) with drx-startoffset adaptation and additional active time can provide significant power saving gain with minimal capacity loss.
Observation 23: In FR1, DL only evaluation, InH, VR30, comparing to UE always on, following is observed:
- for R15 CDRX power saving scheme, the power saving gain is in the range of {6.2%,7.1%} for high load with 3.03% of satisfied UE loss.
- for eCDRX(offset) power saving scheme, the power saving gain is in the range of {29.43%-30.13%} for high load with 6.82% of satisfied UE loss.
- for eCDRX(offset +active) power saving scheme, the power saving gain is in the range of {29.8%,31.78%} for high load with 1.51% of satisfied UE loss.
Observation 24: In FR1, DL only evaluation, InH, VR45, comparing to UE always on, following is observed:
- for R15 CDRX power saving scheme, the power saving gain is in the range of {7.4%,8.1%} for high load with 4% of satisfied UE loss.
- for eCDRX(offset) power saving scheme, the power saving gain is in the range of {29.1%-31%} for high load with 11% of satisfied UE loss.
- for eCDRX(offset +active) power saving scheme, the power saving gain is in the range of {29.7%,32.3%} for high load with 4.7% of satisfied UE loss.
Observation 25: In FR1, DL only evaluation, InH, CG30, comparing to UE always on, following is observed:
- for R15 CDRX power saving scheme, the power saving gain is in the range of {4.2%,6.1%} for high load with 7.65% of satisfied UE loss.
- for eCDRX(offset) power saving scheme, the power saving gain is in the range of {26.38%-29.47%} for high load with 11.13% of satisfied UE loss.
- for eCDRX(offset +active) power saving scheme, the power saving gain is in the range of {32.4%,34.5%} for high load with 8.34% of satisfied UE loss.
Observation 26: In FR1, DL only evaluation, DU, VR45, comparing to UE always on, following is observed:
- for eCDRX(offset +active) power saving scheme, the power saving gain is in the range of {29.9%, 31.23%} for high load with 6.6% of satisfied UE loss.
Observation 27: In FR1, UL only evaluation, InH, pose/control stream, compared to UE can always transmit UL signal scheme, following is observed:
- for SR group switching power saving scheme, the power saving gain is in the range of {12%, 12.1%} for low load with 0% of satisfied UE loss.
Observation 28: In FR1, UL only evaluation, DU, pose/control stream, compared to UE can always transmit UL signal scheme, following is observed:
- for SR group switching power saving scheme, the power saving gain is in the range of {11.37%, 11.4%} for low load with 0% of satisfied UE loss.
Observation 29: In FR1, UL only evaluation, InH, pose/control traffic, compared to UE can always transmit UL signal scheme, following is observed:
- for UL active time power saving scheme, the power saving gain is in the range of {13.67%, 19%} for low load with 0% of satisfied UE loss.
Observation 30: In FR1, UL only evaluation, DU, pose/control traffic, compared to UE can always transmit UL signal scheme, following is observed:
- for UL active time power saving scheme, the power saving gain is in the range of {13.2%, 14.3%} for low load with 0% of satisfied UE loss.
Observation 31: The 5-percentile points in CDF of DL coupling gain with optional methodology 1 for “Satisfied ” UEs are summarized in Table 25.
Table 25 The 5% points of the coupling gain CDF for DL with Optional methodology 1 for satisfied UEs.
	Application
	Indoor Hotspot
	Dense Urban
	Urban Macro

	AR/VR 30Mbps
	-82.24 dB
	-118.08 dB
	-140.76 dB

	CG 30Mbps
	-82.18 dB
	-120.41 dB
	-139.86 dB

	AR/VR 45Mbps
	-82.12 dB
	-120.39 dB
	-139.56 dB



Observation 32: The 5-percentile points in CDF of UL coupling gain with optional methodology 1 for “Satisfied ” UEs are summarized in Table 26.
Table 26 The 5% points of the coupling gain CDF for UL with Optional methodology 1 for satisfied UEs.
	Application
	Indoor Hotspot
	Dense Urban

	Pose/Control: 0.2Mbps
	-79.62dB (25UE)
	-119.72dB (25UE)

	AR/VR: 10Mbps
	-79.56dB (10UE)
	-120.07dB (10UE)



Observation 33: The 5-percentile points in CDF of both DL and UL coupling gain with optional methodology 1 for “Satisfied” UEs are summarized in Table 27.
	Application
	Indoor Hotspot
	Dense Urban
	Urban Macro

	DL
	AR/VR 30Mbps
	-82.24 dB 
	-118.08 dB
	-140.76 dB

	
	CG 30Mbps
	-82.18 dB
	-120.41 dB
	-139.86 dB

	
	AR/VR 45Mbps
	-82.12 dB
	-120.39 dB
	-139.56 dB

	UL
	Pose/Control
	-79.62dB
	-119.72dB
	-

	
	AR Video 10Mbps
	-79.56dB 
	-120.07dB
	-



Observation 34: The HO interruption time (Y) and minimum HO interval time (T) are linear, when HO interruption time is greater than packet delay budget.
Observation 35: As the ratio of P_{E,OP} to PER increases, the ratio of increase in minimum HO interval time (T) vs. HO interruption time (Y) increase exhibits abrupt change at 0.8~0.95, when HO interruption time (Y) is greater than packet delay budget.
Observation 36: The HO interruption time (Y) and minimum HO interval time (T) are linear, when HO interruption time (Y) is less than packet delay budget.
Observation 37: As the ratio of P_{E,OP} to PER increases, the ratio of increase in minimum HO interval time (T) vs. HO interruption time (Y) increase exhibits abrupt change at 0.8~0.95, when HO interruption time (Y) is greater than packet delay budget.
Observation 38: The minimum HO interval time (T) and HO interruption time (Y) should be configured reasonably in order to reduce packet error rate during the time outside the HO procedure.
Observation 39: For different inter arrival rate R, the larger inter arrival rate is, the greater rate of change in frame loss number (N) as the HO interruption time (Y) increases.
Observation 40: For a certain inter arrival rate R, e.g. R=1/16.67, frame loss number (N) linearly increases as the HO interruption time (Y) increases.
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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_LINK4][bookmark: OLE_LINK6]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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