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Introduction
RAN#75 approved a study item on Enhanced Support for Aerial Vehicles [1], also known as UAVs (Unmanned Aerial Vehicles) or Drones. 
One of the objectives of the study is [1]:
· Handover: Identify if enhancements in terms of cell selection and handover efficiency as well as robustness in handover signalling can be achieved. [RAN2, RAN1]

In RAN2#98, early results for HOF and RLF performance evaluations were presented by some companies [2] [3]. RAN2 understood that common parameters are required for fair comparison and conclusion of the performance results. Therefore, the following email discussion was setup with the objective of finalizing common RAN2 parameters for RLF and HOC simulations, which will be used for further performance evaluations. 
[98#49][LTE/UAV] Common RAN2 parameters for RLF and HOF simulation (Qualcomm)
-	Based on the simulation assumption in R2-1704155 and RAN1 agreements
-	Figure out the additional parameters needed by RAN2
	Intended outcome: Agreeable Report
	Deadline:  Thursday 2017-06-01
Companies are encouraged to provide their inputs in the following sections before the deadline indicated above.
RLF and HOF simulation parameters
Editor’s Note: The discussion in this section may be a baseline for TP to Section 4.1 in TR 36.777.
As stated in the scope of email discussion above, PHY parameters will be based on RAN1 agreements. Therefore, we focus here only on RAN2 parameters. 
Channel models and LOS/NLOS probability
RAN1 is currently having an email discussion to finalize Drone channel models and LOS/NLOS probability. RAN2 will reuse the channel models and LOS/NLOS probability defined by RAN1.

In RAN1 simulations, once a UE is “dropped”, the channel characteristics of the UE (path loss, shadowing, height, LOS/NLOS etc.) does not change throughout the simulation. Following additional modeling may be relevant for RAN2 in addition to channel models defined by RAN1.
 
1.1.1 LOS/NLOS switching
RAN1 will define channel models for LOS and NLOS, as well as probability of LOS/NLOS. However, RAN1 does not consider “switching” a single UE between LOS-NLOS. In RAN1 simulations, once a UE performs a coin-flipping to decide LOS/NLOS based on the defined probability formula, it stays that way throughout the simulation.
Companies are invited to provided their comments on modelling of LOS/NLOS switching below:
Table 1 LOS/NLOS switching
	Company
	Comment

	Qualcomm
	[bookmark: _Hlk484423702]To keep the simulation complexity low and to make comparison of simulation results across multiple companies reasonable, our opinion is that such switching of LOS/NLOS for the same UE is not needed (i.e., follow RAN1: use the LOS/NLOS probability to determine whether the UE is LOS or NLOS UE. This means, for the same height, there will be some UEs at LOS and some others at NLOS). 
However, if majority of the companies think such switching for the same UE is required, then RAN2 will need to decide on the switching model. (As already explained above, the channel models for LOS/NLOS and the probability of LOS/NLOS come from RAN1, but switching does not.) 
One example for such switching model would be:
1. Consider a LOS/NLOS correlation distance [X]. X can be taken from TR 36.839 Table 5.2.3.1.
1. Based on the speed S of the UE, the coin-flipping for LOS/NLOS is performed after interval t = X/S.

	
	



Summary: As baseline, following the RAN1 modelling, UEs use fixed LOS or NLOS based on initial coin-flipping. FFS whether and how to model LOS/NLOS switching. 
1.1.2 Time varying shadowing for moving UE
In RAN1 simulations, UEs do not move, however for RAN2, time varying shadowing for moving UE should be modelled. It can be based on standard deviation of the shadowing (from RAN1) and correlation distance (TR 36.839 Table 5.2.3.1), i.e., shadowing value is sampled after interval ‘t’ based on correlation distance and speed.
Companies are encouraged to comment below if they have different opinion/proposal.
Table 2 Shadowing
	Company
	Comment

	
	

	
	



Summary:
Time varying shadowing for a moving UE is modeled by recalculating shadowing value based on shadowing standard deviation (as defined by RAN1) after UE has travelled distance of 25 m (based on its speed). 
RAN2 parameters
For the mobility study, the baseline assumption is based on R2-1704155.
Table 3 describes the parameters to be used to model the handover for these simulations. One column is prefilled with values from R2-1704155. Provide your company name and preferred values in additional columns if they are different than the proposed value.

[bookmark: _Ref480459517]Table 3 Proposed values of parameters to model the handover performance
	Parameter
	Description
	Unit
	Value
	Summary Notes: 

	
	
	
	Qualc omm
	Intel
	Ericsson
	Huawei
	Nokia
	KDDI
	

	TimeToTrigger
	Time to trigger a measurement report
	ms
	160 
	160
	40, 80, 160
	160  *  SF (Considering TTT need to be multiplied with scaling factor depending on UE speed)
	Typical value of 160 should be the starting point, but shorter (e.g. 80 ms can be also considered)
	40, 256
	160

	A3Offset
	Offset between signal strength of serving and neighboring cells	
	dB
	2.0
	2
	2, 3
	2.0
	2.0
	1.5, 3
	2

	MeasurementInterval
	Physical layer measurement interval
	ms
	40
	10
	40ms and 10ms after T310 started
	40
	10 (more suitable for high speed UAVs)
	
	10 ms

	SamplesToAverage
	Number of physical layer measurements averaged
	
	5
	20
	
	5
	20
	
	based on meas interval and meas period 

	L3RRMCoefficient
	Filtering coefficient for layer 3 measurements
	
	1
	1
	1, 4
	1
	1
	
	1

	RLMInterval
	Radio link monitoring interval	
	s
	2
	L1 samples filtered linearly over a sliding window of 200ms (i.e. 20 samples) for Qout and 100 ms (i.e. 10 samples) for Qin (this is same as TS 36.839)

	
	L1 samples filtered linearly over a sliding window of 200ms (i.e. 20 samples) for Qout and 100 ms (i.e. 10 samples) for Qin (this is same as TS 36.839)
	As suggested by Intel.
	
	L1 samples filtered linearly over a sliding window of 200ms for Qout and 100 ms for Qin (same as TR 36.839)

	T310
	Timer to trigger radio link failure recovery
	ms
	1000
	1000
	1000
N311 1
N310 1
	1000
	1000 is OK
	1000
	1000

	HOPreparationDelay
	Handover preparation delay
	ms
	50
	50
	50
	50
	50
	
	50

	HOExecutionDelay
	Handover execution delay	
	ms
	40
	40
	40
	40
	40
	
	40

	RSRPError
	Standard deviation of RSRP measurement error
	dB
	1.22
	1.22
	1.22
	1.22
	1.22
	
	1.22



Companies may also add notes below if they want to justify their choice of values.
Table 4 Additional comments on parameters
	Company
	Comment

	Intel
	Below parameters should also be added to the table
· Qin threshold = -6dB
· Qout threshold = -8dB
· TMeasurement_Period, Intra, L1 filtering time in TS36.133 = 200ms

	Ericsson
	TTT, A3offset, L3RRMCoefficient: More than one value should be simulated. We propose few default values according to TS 36.839 while additional values not precluded After August meeting we can see if more further evaluations are needed.
T310: N310 and N311 need to be set and given when presenting results. Other values than 1 can be used additionally. 

Additionally, we should fix one set of values for ground UEs. Proposal: speed 0km/h, TTT 160, A3offset 3dB, k=1


	Huawei
	RLM interval Parameters should be added in the table:
 the Qout evaluation period (TEvaluate_Qout) is 200 ms;
 the Qin evaluation period (TEvaluate_Qin) is 100 ms;
(abstracted from TS 36.133)

	KDDI
	TTT: Having simulations on some values is preferable.



Summary:
Following values are agreed as baseline for mobility simulations. Other values are not precluded if companies are interested to study and submit more results.
	Parameter
	Description
	Agreed value(s)

	
	
	

	TimeToTrigger
	Time to trigger a measurement report
	160 ms

	A3Offset
	Offset between signal strength of serving and neighboring cells	
	2 dB

	MeasurementInterval
	Physical layer measurement interval
	10 ms

	TMeasurement_Period, Intra 
	L1 filtering time in TS 36.133
	200 ms

	L3RRMCoefficient
	Filtering coefficient for layer 3 measurements
	1

	Qin
	Qin Threshold
	-6 dB

	Qout
	Qout Threshold
	-8 dB

	TEvaluate_Qout
	Qout evaluation period
	L1 samples filtered linearly over a sliding window of 200 ms

	TEvaluate_Qin
	Qin evaluation period
	L1 samples filtered linearly over a sliding window of 100 ms

	T310
	Timer to trigger radio link failure
	1 s

	N310
	Maximum number of consecutive "out-of-sync" indications from lower layers
	1

	T311
	Not used (RLF recover not simulated)
	Not used (RLF recover not simulated)

	N311
	Maximum number of consecutive "in-sync" indications from lower layers
	1

	HOPreparationDelay
	Handover preparation delay
	50 ms

	HOExecutionDelay
	Handover execution delay	
	40 ms

	RSRPError
	Standard deviation of RSRP measurement error
	1.22 dB

	MTS
	Minimum time to stay for ping-pong metric
	1 s




UE dropping
It is proposed that each modeled UE starts 
· at a randomly selected location in the network, 
· with an angular bearing angle selected randomly and uniformly, and 
· moves at the assigned speed in a straight line for the duration of the simulation (with wrap-around). 

Companies may also add further comments below on the proposed UE dropping model.
Table 5 UE dropping model
	Company
	Comment

	Intel
	· Bouncing circle model as in section 5.4.5 in TS36.839
· Should also consider non-straight line and changing elevation.


	Huawei
	 UEs are randomly dropped in each sector;
 moves in a non-straight line for the duration of the simulation (with wrap-around);

	Nokia
	This can be left up to RAN1.

	Qualcomm
	We think “wrap-around” is sufficient. RAN2 should try to limit the possible number of combinations of simulations scenarios.  

Regarding non-straight line movement of UE, we think the additional attribute makes it even harder to compare the simulation results from different companies. 
In our view, most use cases for drones (for example, package delivery, emergency response) include flights in straight lines for a reasonable distance before changing its course.  
We also note that TR 36.839 Section 5.4.4. also assumes UE movement in straight-line: 
“After initially dropped at a random location, the UE will randomly select a direction and move in straight line at a constant speed till hitting the simulation border.”
If RAN2 wants to simulate non-straight line, then how such values change over time need to be defined.  
 
Note: UE height is discussed separately below. 



Summary:
Each modelled UE starts at a randomly selected location in the network. The UE then moves at the assigned constant speed at the constant height in a straight line for the entire duration of the simulation. The initial horizontal direction (bearing angle) is selected randomly and uniformly. When the UE hit the simulation border (the wrap-around contour), it will wrap around and enter the simulation area from a different point on the wrap-around contour. 
Drone height and speed
RAN2 has agreed that the study will target up to 300m AGL for the Drone UEs. However, it was also noted that the requirements are independent of simulation assumptions. 
Companies are encouraged to provide values of UE heights (AGL) and UE speed for the simulations if they are different than proposed values.
Table 6 UE height and speed
	Parameter
	Description
	Unit
	Value
Qualcomm
	Intel
	Ericsson
	Huawei
	Nokia
	KDDI
	Summary/
Note

	UE height
	Height in meter above ground level
	m (AGL)
	0 (i.e., ground), 50, 120
	50, 300m
	(50), 150, 300
	50, 100, 300m
	30, 100, 300
	0
50,
100
	0, 50, 100, 300

	UE speed
	Horizontal speed
	Km/h
	0, 1.5, 3, 30, 60, 120
	0, 30, 60, 160km/h
	30 , 160 km/h
	3, 30, 60, 160km/h
	30, 60, 160
	1.5,
3,
60
	3, 30, 60, 160



Companies may also add notes below if they want to justify their choice of values.
Table 7 Additional comments on UE height and speed
	Company
	Comment

	Intel
	Arrange to study up to 300m and 160km/h, we should at least have simulation on the upper values.

	Ericsson
	Start with 150m and 300m with LOS assumption. When RAN1 finalizes channel models with NLOS, simulate lower hight e.g. 50m or 75m

	Huawei
	Replacing 0km/h with 3km/h as the minimal UE speed value , considering no mobility impact when the UE’s speed is 0km/h.

	Nokia
	The altitude values provided above depend a lot on the channel model/environment. Assuming this would be RMa, the height of 30 m allows to verify the scenario, wherein there is a considerable probability of NLOS, while 100 m and 300 m would most likely be LOS cases. Nevertheless, there could be still differences between 100 and 300 m. Thus, we recommend verifying all three values. 
Additionally, we would like to suggest another scenario to be checked: vertical take-off/landing. It could be something basic like take-off with e.g. a vertical speed of 30 km/h up to the 50 m altitude. We would be grateful if you could share your opinion on this aspect. 

	Qualcomm
	Regarding change in altitude (UE moving up and down), we think the additional attribute makes it even harder to compare the simulation results from different companies. 
In our view, most use cases for drones (for example, package delivery, emergency response) include flights performed at relatively constant height, except for take-off and landing scenarios as noted by Nokia.  
We would like to note that RAN1 simulations do not assume change in height once the UE is “dropped” in the scenario. 
We would also note that TR 36.839 Section 5.4.4. also assumes UE movement in straight-line. 
If RAN2 wants to simulate change in UE height, then how such values change over time need to be defined.  
Therefore, we think, except for take-off/landing, modeling of change in altitude is not needed. For take-off/landing scenarios, the RAN1 channel models are “discontinuous” at different height brackets which creates more issues for RAN2 to properly model when UE moves from one altitude bracket to other. Therefore, this aspect may be further discussed in next meeting if companies have enough interest to bring in details of how to model.



Summary:
Following values are agreed as baseline for mobility simulations. Other values are not precluded if companies are interested to study and submit more results.
	Parameter
	Description
	Agreed value(s)

	
	
	

	UE height
	Height in meter above ground level
	0 m, 50 m, 
100 m, 300 m (AGL) (NOTE 1, NOTE 2)

	UE speed
	Horizontal speed
	3 km/h, 30 km/h, 
60 km/h, 160 km/h


NOTE 1: 0 m AGL corresponds to ground UEs.
NOTE 2: As a baseline, UE height is constant throughout the simulation. FFS whether and how to model variable height, e.g. for take-off and landing scenarios. 
Co-existence of Drones and ground UEs
It was also discussed during the meeting that there the drones and ground UEs need to co-exist in the same network. This is particularly important for handover studies due to the anticipated higher interference from Drones which can cause change in performance of ground UEs.
Companies are encouraged to provide values for total number of UEs per cell (this value is on average as the actual value can change due to mobility), and percentage of drones among total UEs for the simulations if they are different than proposed values.

Table 8 Coexistence and distribution of Drone vs ground UEs
	Parameter
	Value
Qualcomm
	 Huawei
	 KDDI
	Summary Note


	Total number of UEs per cell (on average)
	7
	10
	10
	15 (Same as RAN1)

	% of Drone UEs in the scenario
	0 (all ground UEs),
25 (to model initial deployments)
50 (uniformly mixed), 
100 (all drone UEs for comparison)
	0 (all ground UEs),
50 (50% percent for ground UEs and 50% for the drone UEs in one cell), 
100 (all drone UEs)
	0(all ground UEs), 10(10% percent for ground UEs and 90% for the drone UEs in one cell),
20(20% percent for ground UEs and 80% for the drone UEs in one cell),
	Case 1: 0 (all ground UEs),
Case 2: 1 UE per 10 sectors 
Case 3: 1 UE per sector
Case 4: 3 UEs per sector
Case 5: 5 UEs per sector
(Same as RAN1 but all UEs to be outdoor)



Companies may also add notes below if they want to justify their choice of values.
Table 9 Additional comments
	Company
	Comment

	Qualcomm
	The reason for one small number (e.g. 25%) is to evaluate the condition of initial deployments where the ratio of drone UEs is expected to be small compared to when drones are more popular.

	
	



Summary: 
RAN2 assumes the same number of total and aerial UEs per sector as assumed by RAN1; however, all UEs will be considered as outdoor for RAN2 simulations. 

Performance metrics/KPIs
Editor’s Note: The discussion in this section may be a baseline for TP to Section 5.2 in the TR 36.777.
The results will be provided for the following metrics as described in Table 10. All values are averages. For the cases where both drone and ground UEs co-exist, the metrics will be provided separately for each type of UEs.

[bookmark: _Ref481071182]Table 10 Performance metrics for HO and RLF simulations
	KPI
	Unit
	Description

	Handover rate
	HO/UE/sec
	Number of HOs over time

	Radio Link Failure (RLF) rate
	RLF/UE/sec
	Number of RLFs over time

	Time in handoff
	%
	Fraction of time a UE is in a HO procedure

	Time in Qout
	%
	Fraction of time a UE is in Qout state



Companies are encouraged to provide further comments below if other KPIs are preferred or above KPIs are not preferred. 
Table 11 Additional comments on performance metrics
	Company
	Comment

	Intel
	Pingpong rate and HOF rate should also be studied.

	Ericsson
	We should follow TS 36.839 Section 5.2.1.2 for RLF logging and for presenting results for RLF.


	Huawei
	We agree with Intel. Pingpong rate and HOF rate should also be studied, following TS 36.839.

	Nokia
	We concur with Ericsson on the suggestion to follow the principles outlined in 36.839. We are also fine with Intel’s comment to take into account HOF and ping-pong rate, in addition to what has been suggested in Table 8.

	KDDI
	We agree with Intel. Pingpong rate and HOF rate should also be studied.



Summary:
The results will be provided for the following metrics as described in Table 10. All values are averages unless stated otherwise. For the cases where both drone and ground UEs co-exist, the metrics will be provided separately for each type of UEs.

Table 10 Performance metrics for HO and RLF simulations
	KPI
	Unit
	Description

	Handover rate
	HO/UE/sec
	Number of HO attempts over time

	HOF rate
	HOF/UE/sec
	Number of HO failures over time (including HOF)

	Radio Link Failure (RLF) rate
	RLF/UE/sec
	Number of RLFs over time

	Time in handoff
	%
	Fraction of time a UE is in a HO procedure

	Time in Qout
	%
	Fraction of time a UE is in Qout state

	Pingpong rate
	
	CDF of (number of ping-pongs)/(total number of successful handovers excl. handover failures)


The definition of Ping-pong and examples of counting method are given in TR 36.839 Section 5.2.2.
[bookmark: _GoBack]
Summary and Conclusion
Individual sections of the email discussion are summarized separately above. Based on the overall discussion above and in the email thread, as the outcome of this email discussion, agreed TP for TR 36.888 is provided in the Annex.
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5.2	Key performance indicator
Editor’s note:	To capture the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc.
For system level evaluation purposes, the following performance metrics are considered:
· Packet throughput 
· UL and DL packet throughput statistics of aerial UEs Data traffic
· UL and DL packet throughput statistics of all UEs Data traffic
· UL and DL packet throughput statistics of terrestrial UEs Data traffic
· Interference
· UL IoT (interference over thermal) and DL wideband SINR statistics for reference
· NOTE: UL IoT above refers to effective IoT defined in clause A.2.1.8 of [6]
· Other metrics are not precluded

For the mobility evaluation purposes, the following performance metrics are considered:
Table 5.2-1 Performance metrics for HO and RLF simulations
	KPI
	Unit
	Description

	Handover rate
	HO/UE/sec
	Number of HO attempts over time

	HOF rate
	HOF/UE/sec
	Number of HO failures over time (including HOF)

	Radio Link Failure (RLF) rate
	RLF/UE/sec
	Number of RLFs over time

	Time in handoff
	%
	Fraction of time a UE is in a HO procedure

	Time in Qout
	%
	Fraction of time a UE is in Qout state

	Pingpong rate
(NOTE)
	
	CDF of (number of ping-pongs)/(total number of successful handovers excl. handover failures)


NOTE:	The definition of Ping-pong and examples of counting method are given in TR 36.839 [7, Section 5.2.2].
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Annex A: Evaluation assumptions
Editor’s note: This section will capture details of evaluation assumptions.
A.1 System level evaluation
<< Table from RAN1 unchanged/skipped>>
A.2 Mobility evaluation
A.2.1 Mobility parameters
For mobility evaluations, the assumptions listed in A.1 and Annex B are applicable unless stated otherwise in this section.
Following values are agreed as baseline for mobility evaluations. Other values are not precluded if companies are interested to study and submit more evaluation results.
	Parameter
	Description
	Agreed value(s)

	
	
	

	TimeToTrigger
	Time to trigger a measurement report
	160 ms

	A3Offset
	Offset between signal strength of serving and neighboring cells	
	2 dB

	MeasurementInterval
	Physical layer measurement interval
	10 ms

	TMeasurement_Period, Intra 
	L1 filtering time in TS 36.133
	200 ms

	L3RRMCoefficient
	Filtering coefficient for layer 3 measurements
	1

	Qin
	Qin Threshold
	-6 dB

	Qout
	Qout Threshold
	-8 dB

	TEvaluate_Qout
	Qout evaluation period
	L1 samples filtered linearly over a sliding window of 200 ms

	TEvaluate_Qin
	Qin evaluation period
	L1 samples filtered linearly over a sliding window of 100 ms

	T310
	Timer to trigger radio link failure
	1 s

	N310
	Maximum number of consecutive "out-of-sync" indications from lower layers
	1

	T311
	Not used (RLF recover not simulated)
	Not used (RLF recover not simulated)

	N311
	Maximum number of consecutive "in-sync" indications from lower layers
	1

	HOPreparationDelay
	Handover preparation delay
	50 ms

	HOExecutionDelay
	Handover execution delay	
	40 ms

	RSRPError
	Standard deviation of RSRP measurement error
	1.22 dB

	MTS
	Minimum time to stay for ping-pong metric
	1 s

	UE height
(NOTE 1, NOTE 2)
	Height in meter above ground level
	0 m, 50 m, 
100 m, 300 m (AGL) 

	UE speed
	Horizontal speed
	3 km/h, 30 km/h, 
60 km/h, 160 km/h

	Outdoor terrestrial UE ratio
	
	100% 
(NOTE 3)


NOTE 1:	0 m AGL corresponds to ground UEs.
NOTE 2:	Aerial UE height is constant throughout the simulation. 
Editor’s Note: FFS whether and how to model variable height, e.g. for take-off and landing scenarios. 
NOTE 3:	Total number of UEs and ratio of Aerial UEs are same as in A.1. However, for mobility evaluations, all UEs are assumed to be outdoor.
A.2.2 UE Placement and Trajectories
For mobility evaluations, each modelled UE starts at a randomly selected location in the network. The UE then moves at the assigned constant speed at the constant height in a straight line for the entire duration of the simulation. The initial horizontal direction (bearing angle) is selected randomly and uniformly. When the UE hits the simulation border (the wrap-around contour), it wraps around and enters the simulation area from a different point on the wrap-around contour. 
A.2.3 LOS/NLOS modelling
LOS or NLOS for an Aerial UE is fixed throughout the simulation based on initial determination of LOS/NLOS. 
Editor’s Note: FFS whether and how to model LOS/NLOS switching.
A.2.4 Time varying shadow fading
Time varying shadow fading for a moving UE is modelled by recalculating shadow fading value based on standard deviation given in Table B-3 after the UE has travelled distance of 25 m (based on its speed). 
==TP End==

