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1     Introduction

The new WI: Hetnet Mobility Enhancements for LTE has been approved in RAN plenary #58. The one of the objectives have been set for the new WI [1] is as follows:

· Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments.

UE MSE/speed based methods for improving the HO performance are under this objective.

In this contribution, we discuss the impact the UE speed on the HO performance in HetNet with further simulation results. The speed-aware solutions are simulated and the results show that the UE speed-based methods can improve the mobility performance significantly.  Possible enhancement for UE mobility state (speed) estimation is also discussed.
2 Discussion and proposals

2.1     HO decision based on UE speed
2.1.1 Simulation results for the UE speed based HO decision
Large area hetnet simulations were conducted to study the HO decision based on the UE speeds. The large area simulation parameters and assumptions are followed from [2] unless otherwise specified. ABS is enabled at the Picos. Multiple UEs were randomly placed in the simulation area and they were allowed to travel in straight lines at one of the three randomly selected speed among 30 km/h, 60 km/h and 120 km/h.  Set 3 configurations are used here.  If the UE speed was either 60 km/h or 120 km/h those UEs were not handed in to the picos and they stay in the macro layer and communicate with macro in the pico ABS sub-frames when they move into the pico coverage and this is compared with UEs being handed over irrespective of UE speed to picos without ABS. 
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Figure 1 The HO performance improvement with UE speed aware HO decision and pico ABS.

	HO state
	HO metric
	 No high speed HO to pico and with pico ABS 
	     All speeds HO to pico and no pico ABS

	
	
	M-P
	P-M
	M-M
	Overall
	M-P
	P-M
	M-M
	Overall

	2
	HOFs/UE/s
	0.002852
	0.001311
	0.020109
	0.024272
	0.006995
	0.008186
	0.020621
	0.035802

	
	HO failure rate [%]
	18.562874
	18.978912
	15.315894
	15.803924
	26.596823
	38.844369
	15.794132
	20.133793

	3
	HOFs/UE/s
	0.000008
	0.000000
	0.000031
	0.000038
	0.000036
	0.000000
	0.000009
	0.000044

	
	HO failure rate [%]
	0.049900
	0.000000
	0.023356
	0.024959
	0.135181
	0.000000
	0.006808
	0.024961

	Total
	Successful HOs/UE/s
	0.012504
	0.005596
	0.111162
	0.129262
	0.019270
	0.012888
	0.109949
	0.142107

	
	HOFs/UE/s
	0.002860
	0.001311
	0.020139
	0.024310
	0.007031
	0.008186
	0.020630
	0.035847

	
	HO failure rate [%]
	18.612774
	18.978912
	15.339250
	15.828882
	26.732004
	38.844369
	15.800939
	20.158754

	Short TOS/UE/S
	0.017364
	0.019137

	Short TOS rate [%]
	13.433367
	13.463823

	
	
	


Results show that the HOF failure performance including the HOF rate and HOFs/UE/s significantly improves with the UE speed based HO decision.  The short time of stay rate slightly improved.

Observation 1: With speed dependent HO decision and pico ABS, the pico-macro and macro-pico HOF rate is reduced significantly. While macro-macro HOF rate is not impact by this method.
2.1.2 Discussion on the UE speed based HO decision

Many RAN2 simulation results show that for high speed UEs, e.g. UEs at a speed of 120 km/h or 60km/h, their handover failure rate is much higher than that for low-speed UEs (e.g. 3km/h). The handover performance of high-speed UEs deteriorates significantly due to the small size of the “low-transmitted power node”. It can be concluded that high-speed UEs are under higher risk of handover problems and service interruption in HetNet.

In addition, frequent handover for high-speed UEs towards small cells will incur large overhead between eNBs as well as between UE and eNB. This will lead to more radio resource waste and more UE power consumption. When the high speed mobiles move across pico cells tangentially, they may only stay a short time in small cells. The connection to a cell with too short time-of-stay (ToS) is considered as an invalid connection which cannot support efficient communications between the UE and the eNB. Under this situation, the pico cell could not efficiently carry the traffic load from the high speed UEs while suffered with more signalling overhead.

Therefore, it may be desirable to keep the high speed UEs stay with the macro cell. To realize the UE speed dependent handover, the UE speed information should be available. UEs will be classified into low speed, medium speed and high speed categories. High speed UEs should be blocked to HO to the small cells. 

On the other hand, in order to support the feature of keeping the high speed UE stay with the umbrella macro cell, we should minimize the interference from the pico cell in DL when the macro cell attached UE moving across the pico cell coverage area. ABS at the pico cell maybe considered for this purpose. However, when ABS is enabled at both macro and pico cells, it becomes more tolarable for HO a high speed UE to pico cells in terms of HO failure rate. Due to the high cost of ABS on the system capacity, it may not be worth to enable ABS only for improving handover performance. Then the need of keeping high speed UEs at the macro layer deserves more discussions.

In case ABS is not available, alternative solutions need to be developed. For exampel, for high speed UEs ranning delay tolarable applications, relatively long T310 setting maybe an alternative solution to allow the UE moves across the pico coverage without dropping the connection. The maximum value of T310 should be expanded (e.g. to 5s). In addition, UL interference mitigation should also be conducted to minimize the UL interference from the picos to the UE staying with the macro while in the pico coverage
Note: when a pico cell is placed at the coverage hole of the macro cells, we should not block the high speed UE to HO to the pico cell. The umbrella macro eNB should know which pico cell is located at the macro cell overage hole and based on its UE speed knowledge should be able to make HO decision accordingly.
Based on the above analysis and simulation results, the following are proposed:

Proposal 1: RAN2 is kindly suggested to consider the option of UE speed-dependent HO decision to allow the high speed UEs staying with the macro layer in HetNets. 
2.2    Mobility configuration optimization based on UE speed
The large area HetNet simulations were conducted to optimize the mobility parameters based on the UE speed.  The large area simulation parameters and assumptions are followed from [2] unless otherwise specified. Three UE speeds 30 km/h, 60 km/h and 120 km/h were considered.  The mobility parameters, Handover threshold, TTT and the K factor are optimized.  Multiple UEs were randomly placed in the simulation area and they were allowed to travel in straight lines at one of the three randomly selected speed among 30 km/h, 60 km/h and 120 km/h.  For the UE speed 60 km/h the mobility parameters are assumed  as TTT=160ms, HO threshold=2 dB and K=2.  For lower speed (=30km/h) all three mobility parameters are scaled by 1.5 and for higher speed (=120 km/h) they were scaled by 0.5.
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Figure 2 The HO performance improvement with UE speed dependent mobility parameter adaptation.
	HO state
	HO metric
	                    No Optimization
	                             With Optimization

	
	
	M-P
	P-M
	M-M
	Overall
	M-P
	P-M
	M-M
	Overall

	2
	HOFs/UE/s
	0.010435
	0.010672
	0.029661
	0.050768
	0.004100
	0.005938
	0.012376
	0.022415

	
	HO failure rate [%]
	36.274199
	49.872014
	22.363711
	27.779719
	20.967742
	35.004042
	12.284761
	16.349563

	3
	HOFs/UE/s
	0.000055
	0.000009
	0.000064
	0.000128
	0.000041
	0.000007
	0.000096
	0.000144

	
	HO failure rate [%]
	0.190416
	0.042662
	0.048183
	0.069899
	0.210379
	0.040420
	0.095283
	0.104869

	Total
	Successful HOs/UE/s
	0.018277
	0.010718
	0.102906
	0.131901
	0.015414
	0.011019
	0.088280
	0.114713

	
	HOFs/UE/s
	0.010490
	0.010681
	0.029725
	0.050896
	0.004141
	0.005945
	0.012472
	0.022559

	
	HO failure rate [%]
	36.464614
	49.914676
	22.411894
	27.849618
	21.178121
	35.044462
	12.380045
	16.454432

	Short TOS/UE/S
	0.012580
	0.014447

	Short TOS rate [%]
	9.535672
	12.594895

	
	
	


The results indicate that the HOF rate improves significantly with the speed dependent optimization in all cases (M-M, M-P and P-M).  But for this simulation model, it is still higher than what can be considered as acceptable.  As expected it increases the short time of stay rate.

Observation 2: After speed dependent HO parameter optimization is performed, not only the pico-macro and macro-pico HOF rate but also the macro-macro HOF rate is improved.
From the results of HetNet mobility simulation with different configuration sets obtained so far, the following observation can be made:

1. Different configuration parameter settings have notable impact to the mobility performance in HetNets.

2. The configuration parameter optimized for conventional mobility in macro cell only environment is not suitable/optimized for HetNets.

3. For high speed UEs, the performance of HOs between macro and pico cells is of the primary concern while ping-pong problem is not so severe.

4. For low speed UEs, the ping-pong becomes a bigger issue but HO failure is secondary.
Proposal 2:  Simulation results indicate the gains of speed dependent HO parameter optimization. RAN2 is kindly suggested to consider speed dependent parameter optimization approaches.

2.3  Small cell measurement reporting based on UE speed
In a separate study on improving the UE operation such as small cell search and discovery, the speed factor should also be taken into consideration.

In Hetnet, event A3 triggered measurement reports (MRs) could be categorized into three types: the MRs associated target cell(s) is pico cell(s) only, the MRs associated target cell(s) is macro cell(s) only or the MRs associated target cells are pico cells(s) and macro cells(s). If high-speed UE is prevented from being handed over to the pico cell, then the MRs associated pico target cells are not needed. It is beneficial to let UEs avoiding this type of MR activities to save the corresponding radio link resources and power.

In the following simulation, UE is moving at the speed of 90 km/h and 120 km/h, respectively. Other parameters are same as the ones used in the large-scale calibration. The following table shows the simulation results on MR activities under different MR types of categories.

	UE Speed
	MRs with only macro cell(s) as the target (MRs/UE/s)
	MRs with only pico cell(s) as the target (MRs/UE/s)
	MRs with both macro & pico as the target (MRs/UE/s)
	MR activity reduction by suspending the only pico triggered MR

	90 km/h
	0.2028
	0.1867
	0.0725
	40.41%

	120 km/h
	0.2544
	0.2013
	0.0873
	37.07%


From the simulation result, we observe that under the calibration model of pico placement around 40% measurement reports are with pico(s) only as the target cell(s). Consider normally in and out a pico is a paired activity for a moving UE, it means we may save about 80% MR activities for intra-frequency neighbour cell discovery if we can avoid this. Note the percentage of the saving could be even higher when pico density is higher. In addition, it appears that the UE’s speed difference does not cause much difference on the MR category statistics. It is due to the fact that the ratio of macro-macro, macro-pico, pico-macro and pico-pico HO activities including the MR activities really depend on the density and pattern of the pico deployment in HetNets.

Observation 3: Significant amount of MR activities can be saved on the intra-frequency small cell discovery for high-speed UEs if all the MR activities taking pico cell as target are suppressed.
 The above observation shows the benefit for UEs not  to search and report the measurement of the neighboring small cell(s). If a UE’s speed is very high and it is controlled  not to HO to the small cell, performing small cell measurement and reporting measurement data is wasting UE power and radio resource.  

Similar to the intra-frequency case, the benefit of speed dependent small cell search and measurement report can be extended to the  inter-frequency small cell scenarios. .
Proposal 3: RAN2 is kindly requested to consider UE speed-aware pico cell searching and measurement reporting.

2.4  RLF parameter setting based on UE speed
Higher UE speed can be expected to lead to faster changing of the radio link condition. For example, a faster moving UE will move in /out a pico cell or a coverage hole more quickly. It may also experience more frequent channel variations due to the shadowing. Therefore, UE should make the RLF determination more quickly. It would be beneficial to consider the setting of T310 and T311 based on the speed factor. More details on T310 setting optimization under different scenarios are discussed in [6].
Based on the above analysis we have the following proposal:
Proposal 4: RAN2 is kindly requested to further evaluate and consider the speed factor for optimizing the setting of RLF parameters.
3 Conclusions
This contribution discusses the mobility enhancement for high-speed UEs in HetNet. From the simulation results we have the following observations:

Observation 1: With speed dependent HO decision and pico ABS, the pico-macro and macro-pico HOF rate is reduced significantly. While macro-macro HOF rate is not impact by this method.

Observation 2: After speed dependent HO parameter optimization is performed, not only the pico-macro and macro-pico HOF rate but also the macro-macro HOF rate is improved.
Observation 3: Significant amount of MR activities can be saved on the intra-frequency small cell discovery for high-speed UEs if all the MR activities taking pico cell as target are suppressed.
Based on the further discussion and analysis, the following proposals are made:

Proposal 1: RAN2 is kindly suggested to consider the option of UE speed-dependent HO decision to allow the high speed UEs staying with the macro layer in HetNets. 
Proposal 2:  Simulation results indicate the gains of speed dependent HO parameter optimization. RAN2 is kindly suggested to consider speed dependent parameter optimization approaches.
Proposal 3: RAN2 is kindly requested to consider UE speed-aware pico cell searching and measurement reporting.
Proposal 4: RAN2 is kindly requested to further evaluate and consider the speed factor for optimizing the setting of RLF parameters.
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