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1. Introduction
In RAN#86 meeting, RAN1 Rel-17 study item was approved for XR evaluation for NR [1]. The objective of the study item is as follows.
	The following applications are to be considered as starting points for this study: 
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming
Note: Use cases in quotes are from TR26.928.

The following traffic parameters for the different applications are to be considered as starting point for the study:
Traffic characteristics:
· UL and DL File Size distribution (e.g., Pareto with given parameters)
· UL and DL File arrival time distribution (e.g., Periodic every 1/60 seconds)
Traffic requirements: 
· Round-trip-time or UL and DL one-way Packet delay budget (PDB)
· UL and DL Packet error rate (PER)

The objective of this study item are as follows:

1. Confirm XR and Cloud Gaming applications of interest
2. Identify the traffic model for each application of interest taking outcome of SA WG4 work as input, including considering different upper layer assumptions, e.g. rendering latency, codec compression capability etc.
3. Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
4. Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs 
 
Note 1: eURLLC SI/WI work relevant to XR should be taken into consideration.
Note 2: Traffic model for the performance evaluation shall be based on the standardization in SA WG4 


RAN1 has started the study item work from RAN1#103-e meeting [2]. Since then the work has mainly focused on the evaluation assumptions including XR applications, traffic model and evaluation methodology. As of RAN1#106b-e meeting, evaluation results on capacity, power, and coverage are being collected and the evaluation methodology for mobility has just been agreed. In this paper we share our evaluation results on XR mobility performance.

1. Mobility performance evaluation results
XR and CG are expected to be consumed by the users on the move as we see more adoption in the industry. Minimizing user experience degradation through mobility events is considered as a key to success of the services of such kind. To check the performance gap if any between the XR service requirements and the existing HO schemes, using the evaluation methodology that was agreed for XR mobility performance in RAN1#106b-e meeting (copied below), analytic evaluation of XR mobility performance has been performed.
	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, 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:

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 observations/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.


The mobility procedures that we considered in our mobility evaluation are existing NR handover (HO) and conditional handover (CHO). DAPS handover is not included in this evaluation as the HO interruption time is smaller compared to other handover schemes and therefore its impact on the XR mobility performance in terms of the HO interruption time would be of less concern. So, we focus our evaluation work on HO and CHO. For the HO interruption time of each scheme, we could have collected more views from companies, but from our perspective as we see no big deviation from the example analysis results on the HO interruption time shared by the FL during the e-mail discussion in RAN1#106b-e meeting, as part of our analytical evaluation, we share our results based on that assumption summarized in Table 1.
[bookmark: _Ref87222250]Table 1 HO interruption time of each NR HO scheme for XR mobility evaluation
	HO schemes
	HO
	CHO
(Late data forwarding)
	CHO
(Early data forwarding)

	Y (ms)
(HO interruption time)
	71
	71
	62



For the traffic models and user satisfaction criteria, we referred to the previous agreement on the recommended traffic models and their user satisfaction criteria. Parameters relevant for mobility evaluation work is summarized below in Table 2.
[bookmark: _Ref87222493]Table 2 Traffic models and corresponding user satisfaction criteria for XR mobility evaluation
	DL/ UL
	Traffic models
	Data rate
[Mbps]
	Packet arrival rate
[fps]
	PDB
[ms]
	PSR
(%)

	DL
	AR/VR
	30
	60
	10
	99

	
	CG
	30
	60
	15
	99

	UL
	VR/CG: Pose/control
	0.2
	250
	10
	99

	
	AR: Option 1
(single stream model)
	10
	60
	30
	99



Based on the assumptions so far, the metric {N, T} for XR/CG mobility evaluation is summarized in Table 3 to Table 6, 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. The PER (packet error rate during time outside of handover procedure) value is assumed 0.5% which is smaller than the requirement (1%). As the PER assumption significantly affects the results, results assuming PER = 0% (T’) is also included as a reference. 
[bookmark: _Ref87222804]Table 3 Metric {N, T} and related parameters for XR mobility evaluation of AR/VR in DL
	HO schemes
	HO
	CHO
(Late data forwarding)
	CHO
(Early data forwarding)

	Y
	71
	71
	62

	PDB
	10
	10
	10

	X
	99
	99
	99

	PER
	0.5
	0.5
	0.5

	R
	60
	60
	60

	N
	3.7
	3.7
	3.1

	T
	12.1
	12.1
	10.3

	T' (T assuming PER = 0%)
	6.1
	6.1
	5.2


Table 4 Metric {N, T} and related parameters for XR mobility evaluation of CG in DL
	HO schemes
	HO
	CHO
(Late data forwarding)
	CHO
(Early data forwarding)

	Y
	71
	71
	62

	PDB
	15
	15
	15

	X
	99
	99
	99

	PER
	0.5
	0.5
	0.5

	R
	60
	60
	60

	N
	3.4
	3.4
	2.8

	T
	11.1
	11.1
	9.4

	T' (T assuming PER = 0)
	5.6
	5.6
	4.7


Table 5 Metric {N, T} and related parameters for XR mobility evaluation of VR/CG: Pose/control in UL
	HO schemes
	HO
	CHO
(Late data forwarding)
	CHO
(Early data forwarding)

	Y
	71
	71
	62

	PDB
	10
	10
	10

	X
	99
	99
	99

	PER
	0.5
	0.5
	0.5

	R
	250
	250
	250

	N
	15.3
	15.3
	13.0

	T
	12.1
	12.1
	10.3

	T' (T assuming PER = 0)
	6.1
	6.1
	5.2


[bookmark: _Ref87222841]Table 6 Metric {N, T} and related parameters for XR mobility evaluation of AR: Option 1 in UL
	HO schemes
	HO
	CHO
(Late data forwarding)
	CHO
(Early data forwarding)

	Y
	71
	71
	62

	PDB
	30
	30
	30

	X
	99
	99
	99

	PER
	0.5
	0.5
	0.5

	R
	60
	60
	60

	N
	2.5
	2.5
	1.9

	T
	8.2
	8.2
	6.4

	T' (T assuming PER = 0)
	4.1
	4.1
	3.2


It is obvious that with the minimum target time interval between HO events T increases with the increasing PDB requirement of an XR service.

Observation 1:  Relaxing PDB requirement of XR service reduces the minimum target time interval between HO events T.

As noted above, the PER assumption significantly affects the results of the minimum target time interval between HO events T. Impact of the PER assumption on the metric T is shown in Figure 1 to Figure 4 per each traffic model, where HO interruption time Y is fixed to 40 ms to remove the impact of different HO schemes. It is noted that the same trend maintains regardless of the assumed HO interruption time.

[bookmark: _Ref87223410]Figure 1 T vs. PER (outside HO procedure) for AR/VR in DL

Figure 2 T vs. PER (outside HO procedure) for CG in DL

Figure 3 T vs. PER (outside HO procedure) for VR/CG: Pose/control in UL

[bookmark: _Ref87223422]Figure 4 T vs. PER (outside HO procedure) for AR: Option 1 in UL

Observation 2:  PER outside HO procedure significantly affects the minimum target time interval between HO events T.

As companies may have different estimations on the HO interruption time of each handover scheme and it may be not easy or time consuming to align views from companies, we suggest to include in the TR the metric {N, T} for mobility evaluation as a function of the HO interruption time. In this way, later on when we discuss enhancements on the XR mobility performance we can refer to the study results to analyze the gap b/w the HO schemes with some arbitrary HO interruption times and the target XR service, and set the targets for enhancements based on the requirements of the target service or use cases. 

Proposal 1:  Capture in the TR the metric {N, T} for mobility evaluation as a function of HO interruption time Y.

Figure 5 to Figure 8 show that the number of consecutive XR packets lost due to a HO event N increases in proportion to the HO interruption time Y. 

[bookmark: _Ref87224207]Figure 5 N vs. HO interruption time (Y) for AR/VR in DL

Figure 6 N vs. HO interruption time (Y) for CG in DL

Figure 7 N vs. HO interruption time (Y) for VR/CG: Pose/control in UL

[bookmark: _Ref87224214]Figure 8 N vs. HO interruption time (Y) for AR: Option 1 in UL
Figure 9 to Figure 12 show that the minimum target time interval between HO events T increases with the increasing HO interruption time Y. Two results with T (PER = 0.5%) and T’ (PER = 0%) are shown in each figure. Notable in the figures is that the gap b/w T and T’ per each HO interruption time Y increases with the increasing Y. That is, the slop is bigger for T.

[bookmark: _Ref87224526]Figure 9 T vs. HO interruption time (Y) for AR/VR in DL

Figure 10 T vs. HO interruption time (Y) for CG in DL

Figure 11 T vs. HO interruption time (Y) for VR/CG: Pose/control in UL

[bookmark: _Ref87224557]Figure 12 T vs. HO interruption time (Y) for AR: Option 1 in UL

Observation 3:  Number of consecutive XR packets lost due to a HO event N increases in proportion to the HO interruption time Y.
Observation 4:  Minimum target time interval between HO events in second T increases in proportion to the HO interruption time Y.
Observation 5:  Tolerable HO rate which is given by T can be inferred from Figure 9 to Figure 12 per each XR traffic model.
Observation 6:  Applicability of each HO mechanism to an XR service can be inferred from Figure 9 to Figure 12 per each XR traffic model.

To draw any meaningful conclusion from the calculations above, we also need to take into account the deployment scenario. We used the baseline assumptions adopted for FeMIMO inter-cell mobility evaluation in [3] which is also proposed by the FL during the offline discussion in RAN1#106-e meeting. Relevant part is copied below in Table 7 from [3].
[bookmark: _Ref87228007]Table 7 Evaluation assumptions for XR mobility performance evaluation.
	Parameters
	Values

	UE Mobility and trajectory handling
	Linear trajectory, inter-cell mobility 
· Trajectory sampling at most spaced by decorrelation distance
Dense Urban:


Here X (in meter) is a uniformly distributed random variable U[26,34]. One UE is dropped and starts at P and moves along the 120-deg line downward to Q.
…


Summarized in Table 8 are deployment scenarios for XR mobility performance evaluation and the average time intervals Tavg b/w HO events. 
[bookmark: _Ref87228249]Table 8 Deployments scenarios for XR mobility performance evaluation
	Deployment scenario
	DU
	UMa

	ISD (m)
	200
	500

	X (m)
~ U[26,34]
	26
	34
	26
	34
	26
	34
	26
	34

	Distance (m)
b/w P and Q 
	492
	501
	492
	501
	1185 
	1194 
	1185 
	1194 

	UE speed (km/h)
	120
	120
	60
	60
	120
	120
	60
	60

	Number of HO events b/w P and Q
	7
	7
	7
	7
	7
	7
	7
	7

	Tavg (s)
(Average time interval between HO events)
	2.1
	2.1
	4.2
	4.3
	169 
	171 
	169 
	171 


The Table 8 can be used to check if a certain HO mechanism can be applied to an XR service for the deployment scenario under study. If Tavg is not smaller than T, then the HO scheme is applicable to the XR service based on this analysis. 

Observation 7:  In dense urban scenario (ISD = 200m) with the UE speed of 60 or 120km/h, legacy NR HO and CHO mechanisms are not applicable to XR services with the PDB requirement of 10, 15, or 30ms.
Observation 8:  In UMa scenario (ISD = 500m) with the UE speed of 60 or 120 km/h, legacy NR HO and CHO mechanisms are applicable to XR services with the PDB requirement of 10, 15 or 30ms.

Figure 13 shows the relationship b/w the average time interval b/w HO events Tavg and the UE speed given the ISD of the deployment scenario under study.

[bookmark: _Ref87228585]Figure 13 Tavg vs. UE speed (X = 26m and ISD = 200m)
Given the PDB and PER requirements of an XR service, one could observe the upper bound of the UE speed for the XR service in the deployment scenario.

Figure 14 shows the relationship b/w the average time interval b/w HO events Tavg and the ISD of the deployment scenario under study given UE speed.

[bookmark: _Ref87228674]Figure 14 Tavg vs. ISD (X = 26m, UE speed = 60km/h)
Given the PDB and PER requirements of an XR service, an upper bound of the ISD of the deployment scenario for the XR service can be found given the UE speed.

1. Summary
In this paper, we shared our evaluation results on XR mobility performance. Proposals and observations are summarized below.
Observation 1:  Relaxing PDB requirement of XR service reduces the minimum target time interval between HO events T.
Observation 2:  PER outside HO procedure significantly affects the minimum target time interval between HO events T.
Proposal 1:  Capture in the TR the metric {N, T} for mobility evaluation as a function of HO interruption time Y.
Observation 3:  Number of consecutive XR packets lost due to a HO event N increases in proportion to the HO interruption time Y.
Observation 4:  [bookmark: _GoBack]Minimum target time interval between HO events in second T increases in proportion to the HO interruption time Y.
Observation 5:  Tolerable HO rate which is given by T can be inferred from Figure 9 to Figure 12 per each XR traffic model.
Observation 6:  Applicability of each HO mechanism to an XR service can be inferred from Figure 9 to Figure 12 per each XR traffic model.
Observation 7:  In dense urban scenario (ISD = 200m) with the UE speed of 60 or 120km/h, legacy NR HO and CHO mechanisms are not applicable to XR services with the PDB requirement of 10, 15, or 30ms.
Observation 8:  In UMa scenario (ISD = 500m) with the UE speed of 60 or 120 km/h, legacy NR HO and CHO mechanisms are applicable to XR services with the PDB requirement of 10, 15 or 30ms.
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N vs. HO interruption time
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T vs. HO interruption time
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T vs. HO interruption time
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T vs. HO interruption time
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Tavg (s) vs. UE speed @ {X=26m,ISD=200m}
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Tavg (s)



Tavg (s) vs. ISD @ {X=26m,UE speed=60km/h}

Tavg (s)	25	50	75	100	125	150	175	200	225	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	0.7522049221441981	1.2470765814495917	1.7419482407549853	2.2368199000603783	2.7316915593657725	3.2265632186711661	3.7214348779765594	4.2163065372819535	4.7111781965873458	5.2060498558927391	5.7009215151981332	6.1957931745035264	6.6906648338089205	7.1855364931143137	7.680408152419707	8.1752798117250993	8.6701514710304952	9.1650231303358876	9.6598947896412799	10.154766448946674	10.649638108252068	11.144509767557462	11.639381426862856	12.134253086168249	12.629124745473643	13.123996404779035	13.618868064084431	14.113739723389825	14.608611382695218	15.10348304200061	15.598354701306004	16.093226360611396	16.588098019916789	17.082969679222185	17.57784133852758	18.072712997832969	18.567584657138365	19.062456316443757	19.557327975749153	20.052199635054546	ISD (m)


Tavg (s)
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