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1 Introduction

This contribution discusses the gradient based scaling solution that we propose for improving HetNet Mobility RObutsness (MRO). The contribution provides some of the long awaited simulation results and summarises the specification changes that are required to introduce the mechanism.
2 Discussion

2.1 Gradient based scaling
The essence of the gradient based scaling solution is that the UE scales the TTT and the A3 offset depending on how fast the difference in signal strength between source and target changes i.e. as follows:

G = ({RSRPTargetCell(t) – RSRPSourceCell(t)} – {RSRPTargetCell(t-ΔT) – RSRPSourceCell(t-ΔT)})/ ΔT

The desired UE behaviour based on gradient:

· 
If G≤ Thresh1 THEN


Do not apply scaling (normal)

· 
If Thresh1 < G ≤ Thresh2:
Apply scaling to expedite HO (as radio conditions deteriorate quickly)

· 
If Thresh2 < G



Apply scaling to avoid HO (as HO would result in short TimeOfStay)

In [4] we evaluated the use of filtering for measurement evaluation and for the gradient based scaling. In accordance with the findings in that contribution, we used the following filtering configuration in the simulations:

· 
For RRM measurement evaluation, L1 provides an updated measurement result every 40ms (averaged over the last 200ms i.e. sliding window), while for the gradient calculations L1 provides a measurement result every 200ms
· 
A separate/ independent L3 filter is applied to the L1 measurements that are used for the gradient calculations

· 
Scaling is performed when n out of m of the gradient values meet the criterion (e.g. exceed thresh1)

Before discussing system simulations results to evaluate the performance of the gradient solution, we will discuss some the filtering and the setting of the thresholds.

Fig 1: Overall model

2.2 Simulation results
This section summarises the main simulation results for the gradient based scaling solution, using the simulation assumptions as in TR 36.839 [1] and for a UE speed of 30 kmph. Please note that a number of additional simulation assumptions/ parameters are provided in Annex A. The following tables provide the results for the reference case (Macro only, table 1) as well as for the HetNet case (table 2).
	
	Macro only

	Gradient scaling
	RLF/UE/s
	HO/UE/s
	HOF rate
	PingPongHO rate
	SToS rate

	Off
	0.003109
	0.075661
	3.69%
	1.50%
	6.88%

	On
	0.002492
	0.084488
	2.65%
	2.10%
	7.44%

	Gains
	19.85%
	-11.67%
	28.18%
	-40.00%
	-8.14%


Table 1: Main simulation results for the Macro only case

	
	HetNet

	Gradient scaling
	RLF/UE/s
	HO/UE/s
	HOF rate
	PingPongHO rate
	SToS rate
	M2M HOF rate
	M2P HOF rate
	P2M HOF rate
	P2P HOF rate

	Off
	0.004653
	0.084653
	4.64%
	1.33%
	7.88%
	3.63%
	4.27%
	7.51%
	4.43%

	On
	0.003738
	0.092236
	3.37%
	1.74%
	8.86%
	2.71%
	3.74%
	4.72%
	2.95%

	Gains
	19.66%
	-8.96%
	27.37%
	-30.83%
	-12.44%
	25.34%
	12.41%
	37.15%
	33.41%


Table 2: Main simulation results for the HetNet case

Some further remarks regarding these results:
· 
Due to recent changes of the radio model used in the simulator, we have been unable to determine the most optimal settings (i.e. regarding filtering, thresholds for gradient calculation)
· 
When optimising the settings, we think it should be possible to further reduce the HOF percentage (i.e. similar to what other scaling based methods have shown i.e. up to 40%). We expect that it should be possible to achieve such improvements without degrading the SToS (i.e. we should be able to make the scaling more selective such that it is applied only when there is a real need)
2.3 Specification impacts
PDU specification
Our proposal would require the following configuration parameters:
· 
A separate L3 filter coefficient for gradient based scaling

· 
A parameter for the N out of M setting (e.g. an eNum with a few options: 3of4, 3of5, 4of6, 5of7)
· 
Two thresholds (and possibly one additional scaling factor, if there is a need to configure a different value from the one for TTT)

Notes

· 
The filtering and n out of m configuration could be specified as part of the QuantityConfig, while the thresh and scaling factor would be part of the MeasConfig, speedStatePars, mobilityStateParameters
Procedural specification

Our proposal would require the following procedural specification changes:
· 
A new section similar to 5.5.6.2 (Speed dependant scaling of measurement related parameters) would need to be introduced, specifying the separate L3 filtering, the n out of m process and the scaling of TTT and A3 offset
· 
Furthermore, the handling of the additional configuration parameters should be specified (quantity configuration in 5.5.2.8, no changes needed for speed state parameters in 5.5.2.1)

3 Conclusion & recommendation
This contribution discusses the gradient based scaling solution i.e. provides some of the long awaited simulation results. Furthermore the document outlines the specification impact. RAN2 is requested to consider this information in the further work on HetNet Mobility RObutsness (MRO).
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Simulation assumptions

The following table summarises the main simulation assumptions/ parameters different from/ not covered by TR 26.839 [1].

	Parameter
	Value
	Comment

	L3 filter before measurement evaluation (K')
	6
	Alternative K value to cope with 40ms interval between L1 inputs (this value results in similar filtering as K=1 with 200ms interval between L1 measurement results)

	Hysteresis
	0
	

	L3 filter before gradient calculation (K)
	8
	

	n
	3
	To apply scaling, 3 out of the 5 last samples have to meet the condition (e.g. exceed thresh1)

	m
	5
	

	Thres1 (i.e. medium speed)
	3 dB/s
	If above this value scaling to expedite HO is applied

	Scaling factor 1 (i.e. medium speed)
	0.5
	Same value used for TTT and A3 offset

	Thresh2 (i.e. high speed)
	12 dB/s
	If above this value scaling to avoid SToS is applied

	Scaling factor high (to avoid SToS)
	100
	Same value used for TTT and A3 offset


Table 3: Additional simulation parameters

B
Simulation results, further details (Annex)
The following tables provide some the simulations results in a format similar to the one used in TR 36.839 [1].

Handover failure
	
	
	HetNet
	Macro only

	State
	Metrics
	HOF M2M
	HOF M2P
	HOF P2M
	HOF P2P
	Overall
	HOF M2M

	2
	/UE/s
	0.001718
	0.000711
	0.001422
	0.000009
	0.00386
	0.002779

	 
	%
	3.534543
	4.268476
	7.411268
	4.433498
	4.559791
	3.673011

	3
	/UE/s
	0.000046
	0
	0.000018
	0
	0.000064
	0.000009

	 
	%
	0.094639
	0
	0.093814
	0
	0.075603
	0.011895

	Total
	HO succ/UE/s
	0.046842
	0.015946
	0.017747
	0.000194
	0.080729
	0.072872

	 
	/UE/s
	0.001764
	0.000711
	0.00144
	0.000009
	0.003924
	0.002789

	 
	%
	3.629182
	4.268476
	7.505082
	4.433498
	4.635394
	3.686228


Table 4: Handover failures without gradient based scaling

	
	
	HetNet
	Macro only

	State
	Metrics
	HOF M2M
	HOF M2P
	HOF P2M
	HOF P2P
	Overall
	HOF M2M

	2
	/UE/s
	0.001385
	0.000674
	0.000951
	0.000009
	0.003028
	0.002207

	 
	%
	2.616812
	3.688502
	4.587776
	3.029209
	3.28299
	2.612205

	3
	/UE/s
	0.000046
	0.000009
	0.000027
	0
	0.000082
	0.000028

	 
	%
	0.086912
	0.049253
	0.130252
	0
	0.088905
	0.033141

	Total
	HO succ/UE/s
	0.051496
	0.01759
	0.019751
	0.000295
	0.089123
	0.082253

	 
	/UE/s
	0.001432
	0.000684
	0.000979
	0.000009
	0.003113
	0.002235

	 
	%
	2.705613
	3.743228
	4.722852
	2.953725
	3.375148
	2.645346


Table 5: Handover failures with gradient based scaling

Radio link failure
	State
	Metrics
	HetNet
	Macro only

	1
	/UE/s
	0.000803
	0.000332

	2_Normal
	/UE/s
	0.000046
	0.000027

	2_HOF
	/UE/s
	0.003804
	0.00275

	Overall
	/UE/s
	0.004653
	0.003109


Table 6: Radio link failures without gradient based scaling

	State
	Metrics
	HetNet
	Macro only

	1
	/UE/s
	0.000729
	0.000286

	2_Normal
	/UE/s
	0.000055
	0.000018

	2_HOF
	/UE/s
	0.002954
	0.002188

	Overall
	/UE/s
	0.003738
	0.002492


Table 7: Radio link failures with gradient based scaling

Short Time of Stay (SToS)
	Metrics
	HetNet
	Macro only

	/UE/s
	0.006671
	0.005205

	%
	7.88%
	6.88%


Table 8: Short Time of Stay without gradient based scaling

	Metrics
	HetNet
	Macro only

	/UE/s
	0.008172
	0.006286

	%
	8.86%
	7.44%


Table 9: Short Time of Stay with gradient based scaling
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