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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]

After RAN2#98, email discussion [98#49] agreed on most of the common parameters for HOF and RLF performance evaluations which are captured in the TR 36.777. However, some parameters were not finalized. Therefore, the following email discussion was setup with the objective of aligning remaining simulation assumptions for further performance evaluations taking into account latest agreements from RAN1. 
[99#06][LTE/UAV] Align simulation assumption (Qualcomm)
      Align assumptions including the RAN1 part.
      Intended outcome: Aligned assumptions
      Deadline:  Thursday 2017-08-31
 
Companies are encouraged to provide their inputs in the following sections before the deadline indicated above.
RLF and HOF simulation parameters alignment
Editor’s Note: The discussion in this section is expected to result in TP to Section 4.1 in TR 36.777.
As stated in the scope of email discussion above, we focus here on aligning the assumptions between RAN1 and RAN2. 
Remaining RAN1 evaluation assumptions and channel modelling
The TP on remaining RAN1 evaluation assumptions and channel modelling was agreed by RAN1 in R1-1714856. The LS on latest RAN1 agreements was sent by RAN1 to RAN2 in R1-1715303. As previously discussed, RAN2 should use the latest RAN1 agreed assumption to the extent possible, except as already captured in the TR or as discussed below in separate subsections.

Companies are invited to provided their comments if they have different view:
Table 1 RAN2 exceptions to RAN1 agreed assumptions
	Company
	Comment

	Huawei
	1) To reduce the simulation complexity, the UE can be all dropped as “outdoor” UE and the number of UEs per cell is 10.
2) To facilitate the comparison of handover performance of different types of UEs, the speed of terrestrial UTs can be set a same value as that of the Aerial UEs; 
3) The UE per cell can be either all terrestrial UTs or all Aerial UE for comparison, to avoid too small samples of Aerial UE  to embody the trend of handover performance of aerial UEs;
4) Due to the limitation of time, it is preferred to only simulate the UMa scenario;
5) Cell layout only adopt 19*3;

	Nokia
	Fine to stick to RAN1 agreements, but obviously also respecting our previous decisions – e.g. to consider only “outdoor” UEs. In addition, we prefer to simulate RMa scenario, which also has a benefit of not having to execute any LOS/NLOS switching for the heights above 40 meters and still reliably reflecting the genuine behaviour. UMi is the least preferred option to us.

	Ericsson
	1) Only outdoor UEs is agreed, prefer 15 UEs
2) We are ok with 100% aerial and 100% terrestrial UEs and then simulate same speeds
3) UMa prioritized, second RMa. 

	Intel
	· As first stage of simulation calibration, using outdoor only is ok.
· UMa is ok.
· May be a few fixed Aerial speed should be simulated. E.g. 3km/h, 30km/h, 60km/h and 120km/h

	DCM
	· UMa is prioritized. RMa can be considered secondly. UMi is not preferred.
· Regarding small-scale fading model, if the mobility problems can be identified by the initial large scale results, then fast fading model may be not needed in order to keep the simulation complexity low. However, if the majority companies think fast fading model is necessary, we can consider the option 3 in RAN1 agreed assumption.

	Qualcomm
	· RAN2 has already agreed that RAN1 assumptions will be baseline (also captured above as “RAN2 should use the latest RAN1 agreed assumption to the extent possible, except as already captured in the TR or as discussed below”)
· All UEs to be outdoor has already been agreed. Number of UEs per sector was already agreed to be aligned to RAN1.
· Fixed aerial speed of 3/30/60/160kmph has already been agreed. 
· Ok with 100% aerial and 100% terrestrial UEs scenarios.
· Ok to prioritize UMa.
· Agree with DCM on small-scale fading.
· Agree with HW on cell layout only considering 19*3 (i.e., exclude 37*3)



Summary: For mobility simulations:
1. Ratio of Aerial UEs to be 0% and 100% (i.e., compare the scenarios with 100% Aerial UEs and 100% terrestrial UEs.)
2. Prioritize UMa channel model, RMa is second priority.
3. Fast fading may be simulated with option 3 in RAN1 working assumptions as described in LS from RAN1 (R2-1707617).
4. Cell Layout of Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m) is considered as baseline.

LOS/NLOS switching
RAN2 has previously concluded that following the RAN1 modelling as baseline, UEs use fixed LOS or NLOS based on initial coin-flipping. Since some companies wanted to look further into it, an FFS was captured in the TR as follows:
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.
RAN1 has defined 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 2 LOS/NLOS switching
	Company
	Comment

	Qualcomm
	[bookmark: OLE_LINK13]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.
So, we propose to remove the FFS. 
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. 
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.

	Huawei
	We support Qualcomm. LOS/NLOS for a given aerial UE or a terrestrial UE is fixed based on initial determination of LOS/NLOS.

	Nokia
	As we have outlined in R2-1708666 we think no switching makes no sense in the context of RAN2 mobility evaluations with the simulation durations of hundreds of seconds. The model should be based on UE’s speed and LOS/NLOS correlation distance.

	Ericsson
	Support Qualcom and Huawei that LOS/NLOS is determined at the beginning of the simulation using the agreed NLOS probability formula.

	Intel
	Fixed LoS / NLoS throughout the simulation will give more stable result. Switching required large number of sample in order to get meaningful result. Suggest to look into LoS/NLoS only scenario first. 

	DCM
	Agree with QC to remove the FFS so as to keep the simulation complexity low.



Summary: Majority of the companies support to remove the FFS on LOS/NLOS switching.

Traffic model
It has not been discussed in RAN2 what traffic model should be used for handover evaluations. RAN1 captures the Traffic Model assumptions as follows:
	Traffic model
	· For terrestrial UTs, data traffic is assumed in both UL/DL where FTP model 3 as in [5] is used with packet size 0.5 MB
· For aerial UTs, data traffic is assumed in UL where FTP model 3 as in [5] is used with packet size 0.5 MB
· For aerial UTs, command and control traffic is assumed in both UL/DL, where packets arrive periodically with packet size 1250 bytes and period 100 ms. See Note 1.
· Packet arrival rates are chosen to achieve resource utilization values of 20% and 50% (note: these values should take into account the resource utilization of aerial UTs)


Note 1: Performance of command and control traffic and data type traffic for aerial UT is separately evaluated.
Although this could not be discussed in detail during RAN2#99, some companies submitted results assuming traffic models similar to above whereas other companies thought full buffer traffic assumption should be enough for mobility performance evaluations.
Companies are invited to provided their comments on traffic model for mobility performance evaluation below:
Table 3 Traffic model for mobility performance evaluation
	Company
	Comment

	Qualcomm
	Full buffer traffic model should be sufficient

	Huawei
	Same as Qualcomm.

	Nokia
	We wonder why companies so eagerly support the “full buffer” setting, besides the “simplicity” benefit? Full buffer may indeed represent credibly the UL data transmission from the UAVs (e.g. video streaming), but in other cases seems to be unjustified. For downlink with full buffer the interference is likely to be increased and thus the RLF and HO statistics will be biased compared to bursty traffic cases…For Ground UEs a finite buffer model (RAN1 FTP model 3) should be used. We also suggest to keep the packet arrival rates of the ground UEs as in Case 1 (i.e. no AVs) according to the RAN1 load targets and keep the same arrival rates values for all other Cases

	Ericsson
	With full buffer we get worse case scenario, thus if we prioritize full buffer for next meeting it is most likely necessary to add lower load cases for November meeting. Preference is to prioritize full buffer results for next meeting but companies can provide also FTP model 3 results already now.

	Intel
	Full buffer is preferred. 

	DCM
	Agree with QC to remove the FFS so as to keep the simulation complexity low.



Summary: Majority of companies prefer to study full buffer traffic scenario. FTP model 3 is second priority.

Variable UE height (e.g., take-off/landing scenarios)
RAN2 previously concluded that as a baseline, UE height is constant throughout the simulation. Since some companies were interested in modelling and studying variable UE height, e.g. for take-off and landing scenarios, an FFS was captured as follows:
	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. 



Companies are invited to provided their comments on modelling of variable UE height (e.g., take-off/landing scenarios) below:
Table 4 Variable UE height (e.g., take-off/landing scenarios)
	Company
	Comment

	Qualcomm
	Similar to LOS/NLOS switching, to keep the simulation complexity low and to make comparison of simulation results across multiple companies reasonable, our opinion is that such variable height for the same UE is not needed.
So, we propose to remove the FFS. 
However, if majority of the companies think such variation is needed, then RAN2 will need to decide on the variation model. Companies should propose such model.

	Huawei
	To reduce the simulation complexity,  we prefer to use  fixed height value for all Aerial UEs for one simulation trial, rather than uniformly distributed the height value of  the aerial UEs between 1.5m and 300m;
And the specific fixed height value can reuse previous simulation assumption of last meeting.  


	Nokia
	Yes, let’s use a constant UE height for the same UE. Take-off and landing scenarios may be addressed “later”, as a second priority.

	Ericsson
	Prefer fixed height

	Intel
	Given companies have such different result, fixed height should be first studied.

	DCM
	Prefer fixed height.



Summary: All companies who provided input agree to remove FFS on variable UE height, and keep UE height fixed during the mobility simulation.

Other
Companies are invited to provided other comments on alignment of simulation assumptions between RAN1 and RAN2 below:
Table 5 Other
	Company
	Comment

	Huawei
	[bookmark: OLE_LINK14]It is no clear definition of time in Qout and time in Handoff. To facilitate the statistics of interruption of service, we prefer to define the two terminologies as following:
a) [bookmark: _Hlk492375692]Time in Qout:  from the start ofT310, following T311, to the stop of T301 when the successful complete of RRC reestablishment procedure;
b) Time in Handoff: sum of time in successful Handoff and failure Handoff
i. Time in successful Handoff: from the reception of Handover command message to the stop of T304 when the successful complete of handover procedure;
ii. Time in failure Handoff: from the detection of Handover failure defined in 36.839 to the stop of T301 when the successful complete of RRC reestablishment procedure.

	Ericsson
	Adopt  the following correction for NLOS pathloss for UMa-AV for aerial UE heights above 22.5m
            
As per latest agreement from RAN1.

	DCM
	Agree with E/// as per latest agreement from RAN1.

	Qualcomm
	It seems Qout and time in handoff are quite clear. Qout was used in TR 36.839. Ok to further clarify time in handoff time.
As for the correction for pathloss formula, given that RAN2 assumptions are based on RAN1 latest agreements, this is already covered.



Summary: Clarify that time in handoff includes both successful HO (Handover execution delay) and HOF (Reestablishment delay).

Summary and Conclusion
[bookmark: _GoBack]Individual sections of the email discussion are summarized separately above. Based on the above, following is agreed: 
For mobility simulations:
1. Ratio of Aerial UEs to be 0% and 100% (i.e., compare the scenarios with 100% Aerial UEs and 100% terrestrial UEs.)
2. Prioritize UMa channel model, RMa is second priority.
3. Fast fading may be simulated with option 3 in RAN1 working assumptions as described in LS from RAN1 (R2-1707617).
4. Cell Layout of Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m) is considered as baseline.
5. Remove the FFS on LOS/NLOS switching.
6. Full buffer traffic scenario is 1st priority. FTP model 3 is second priority.
7. Remove FFS on variable UE height, and keep UE height fixed during the mobility simulation.
8. Clarify that time in handoff includes both successful HO (Handover execution delay) and HOF (Reestablishment delay).
Based on the overall discussion above, as the outcome of this email discussion, agreed TP for TR 36.888 is provided in the Annex.
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Annex: Text Proposal for TR 36.777
[bookmark: _Toc477544002][bookmark: _Toc481760675]=== TP start ==
[bookmark: _Toc490250350]5.2	Key performance indicator
<<unchanged text skipped>>
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 (including HOF)

	HOF rate
	%
	Number of HO failures/Total number of HO attempts (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 including time for successful HO (HO execution delay) and HOF (reestablishment delay)

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

	Ping pong rate
(NOTE)
	%
	Number of ping-pongs/Total number of successful handovers (excluding handover failures)


NOTE:	The definition of Ping-pong and examples of counting method are given in TR 36.839 [7, Section 5.2.2].

<<unchanged text 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)

	
	
	

	Cell layout and scenario
	
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)
(NOTE 1)

	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 21, NOTE 32)
	Height in meter above ground level
	0 m, 50 m, 
100 m, 300 m (AGL) 

	UE speed
	Horizontal speed for terrestrial and aerial UTs
	3 km/h, 30 km/h, 
60 km/h, 160 km/h

	Outdoor terrestrial UE ratio
	
	100% 
(NOTE 43)

	Aerial UT ratio
	Ratio of number of Aerial UTs to total UTs per sector
	0% (i.e., all terrestrial UTs)
100% (i.e., all Aerial UTs)

	Traffic model
	Traffic model for terrestrial and aerial UTs
	1st priority: Full buffer 
2nd priority: FTP model 3 (as described in A.1)


NOTE 1: 	For mobility evaluations, UMa-AV scenario as described in Table A.1-1 is baseline and RMa is second priority.
NOTE 21:	0 m AGL corresponds to ground UEs.
NOTE 32:	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 43:	Total number of UEs and ratio of Aerial UEs areis 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 UE Placement and Trajectories 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==
