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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. One of key elements of the UE speed based solutions is reliable UE speed estimation
In this contribution, we re-iterate the need for speed dependent scaling and benefits of using different T310 values.  We also discuss the pros and cons of the UE based speed estimation versus the network based speed estimation solutions. Based on the discussions several suggestions are made.
2 Discussion and proposals
2.1. 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 1 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 1: 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 1:  Simulation results indicate the gains of speed dependent HO parameter optimization. RAN2 is kindly suggested to consider speed dependent parameter optimization approaches.
2.2 Configure multiple T310 values to a UE
As can be seen from the above results, speed dependent scaling alone does not provide sufficient improvement in HetNet mobility performance.  Pico to Macro HO is still particularly susceptible to failures particularly for high speed UEs.. In this case, the radio link quality of the high-speed UEs deteriorates rapidly due to the small size of the “low-transmitted power node”—pico cell. Since the link with the pico cell is likely to become bad in a period of short time, and with the further moving of the UE the radio link is unlikely to be recovered, the T310 can be set a shorter value than the normal value setting for macro only system. By this setting, it can avoid un-necessary waiting to conduct further RLF recovery by triggering the re-establishment procedure fast and shorten the overall service interrupt time. 

Observation 2: It could be beneficial to apply a short value to T310 setting if the UE’s serving cell is a pico cell, especially for high speed UEs.
In HetNets, a serving cell may have multiple neighboring cells of different types (macro or pico). In this case, a cell type sensitive update of parameters may need to wait till the type of the target cell is determined. Too late parameter update may impact the mobility performance. In addition, more HO activities and, as a result, more signalling overhead is expected in HetNets. In order to minimize the signalling overhead and minimize the delay for T310 update, this scheme can be implemented to allow to configure multiple T310 values to a UE. For example, a value for the legacy macro only case, a value for the macro to pico handover case.  The UE pick the right T310 value corresponding to the associated scenario. For example, if the UE go across the pico cell, the target pico cell should be discovered and the handover event (such as A3) is triggered.  Then the UE internal T310 update is also triggered and the T310 value can be set to the value optimized for macro to pico HO scenario.  Alternatively, if the UE measurements indicate that the next best cell is a pico, UE could apply a different T310 value.  When the long term CQI is above Qin, then the T310 value can be updated to the normal value.  It is assumed that UE is able to determine whether a cell is a pico/macro and hence the mobility scenario and use the corresponding T310 value.
Observation 3: It could be beneficial to apply different values for T310 setting based on for example, event A3 and target cell type. 
Based on the above discussion and observations:
Proposal 2: RAN2 is kindly suggested to consider pre-configuring multiple T310 values and choice of value based on speed and corresponding to different HO scenarios in a UE. 

2.3 Comparison of the network based versus UE based speed estimations   
One of key elements of the UE speed based solutions is reliable UE speed estimation. There are already many MSE/speed estimation methods proposed to RAN2. In order to consolidate those solutions, it is worth to discuss the pros and cons of the network based estimation solutions versus the UE based solutions. In this section, we conduct some comparison and analysis. Based on the discussions several suggestions are made.
2.3.1  Types of the UE speed dependent solutions 

There are many types of the speed dependent solutions. They mainly can be classified into two major types: 
1. The decision and operations are performed at the eNB based on the UE speed. For example the HO decision based on the UE speed.

2. The decision and operations are performed at the UE based on the UE speed. For example the UE speed based parameter scaling performed at the UE.

Naturally, if the speed estimation operations performed at the eNB, it would be preferred the speed estimation also performed at the network, and vice versa. For the type 1, if the speed estimation can only be down at the UE, the speed estimation results have to be delivered from the UE to the network. On the other hand, if only network is able to estimate the UE speed, the network could either send the estimated speed to the UE to let UE to perform the speed dependent operations or the network perform the speed dependent operations and then configure the UE. However, in this case frequent update the configuration parameters to the UE may involve much more signalling overhead. Therefore, in general if the speed estimation can only be performed at one side (eNB or UE), deliver the speed estimation results to the other side may be a better solution.
2.3.2 The complexity and the impact to the existing system
The network based solutions if it only involve single eNB, it is hard to make reliable speed estimations. Normally, involving multiple eNBs are required. There are several possible solutions such as the speed estimation based on UTDOA, multi-base-station Doppler estimation, MSE based on HO counting at the network. All of them require the information collected from different eNBs. Consider network need to process a large number of UEs which are associated with different eNBs. Large amount of coordination is required which will involve heavy backhaul and signalling support. It will also increase the network/eNB processing loading significantly. The data collecting at different eNB, the data exchanges over the backhaul and the heavy load of data processing may introduce additional estimation delay and estimation inaccuracy.

On the other hand, the UEs can easily collect the information from multiple eNBs. Those information include the strength of the reference signals from multiple neighboring eNBs, the timing offset of the reference signals from different eNBs, the broadcast information about the neighboring cells. There are several UE based speed estimation solutions [3]. For example the speed estimation based on pico locations, the speed estimation based on the trilateration performed at a UE, the Doppler performed at a UE or the different types of HO counting . As long as the network provides sufficient information to the UEs, speed estimation could be easily performed by the UEs. It appears the enhancements required for UE to perform speed estimation will introduce less impact to the standards and existing system.
Observation 4: UE based speed estimation methods will have less complexity and less impact to existing system and standards.
2.3.3  The potential impact on speed estimation performance

The network based solutions require the data collecting at different eNB, the data exchanges over the backhaul and the heavy load of data processing. This may introduce additional estimation delay and therefore the estimation inaccuracy. Differently, the UE could collect information directly through the radio link for speed estimation. The UE data collecting will experience much less delay. It will be potentially benefit to the better estimation accuracy. It will also be beneficial for developing more responsive estimation methods for better tracking the UE speed changes.
Observation 5: The UE data collecting may experience less delay which is beneficial for better estimation performance.
2.3.4  
Convenience for the operations

As is demonstrated by the existing UE based MSE method, it is convenient and introducing less signalling overhead to have the speed estimation performed locally at the UE for scaling the UE parameters such as TTT, measurement hysteresis etc. 
Another example is the setting of T310. As discussed before, T310 setting could be scale by the UE speed. In general for the same scenario (e.g. moving in the macro cell), T310 may be scaled down for higher speed. For very high speed UEs, the T310 may be set to a value long enough for the high speed UE to move across the pico cell tangentially.   In order to minimize the signalling overhead required by the dynamic reconfigurations of T310 by the network, multiple T310 values could be pre-configured in the UEs. If a UE could estimate the speed locally, it will be easy for the UE to adjust the T310 setting based on pre-configured values.
The only additional effort is that if speed estimation is only performed at the UE, the estimation results should be reported from the UE to the network. But as discussed in section 2.1, as long as the speed estimation is performed only at one side (UE or eNB), it is preferred to deliver the speed estimation report to the other side.  

Observation 6: UE based speed estimation is convenient for a UE to adjust its  parameters based on locally obtained speed information.
2.3.5  Resolution for idle UEs

For idle UEs it is very difficult for network to track their signals and therefore their location and speed. Naturally, the UE based speed estimation methods should be adopted for the idle UEs. For example, the existing MSE is UE based which is used for idle UEs to estimate the mobility state and scale the parameters accordingly.
Observation 7: Idle UEs have to perform UE based speed estimation for their speed based operations.
Based on the discussions above,

Proposal 3: RAN2 is kindly suggested making standards enhancement to support the UE based speed estimation.
3
Conclusions
This contribution summarised the benefits of speed dependent scaling and compared the network based versus UE based speed estimation methods. Based on the discussion we have the following observations:

Observation 1: 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 2: It could be beneficial to apply a short value to T310 setting if the UE’s serving cell is a pico cell, especially for high speed UEs.
Observation 3: It could be beneficial to apply different values for T310 setting based on for example, event A3 and target cell type. 
Observation 4: UE based speed estimation methods will have less complexity and less impact to existing system and standards.
Observation 5: The UE data collecting may experience less delay which is beneficial for better estimation performance.
Observation 6: UE based speed estimation is convenient for a UE to adjust its  parameters based on locally obtained speed information.
Observation 7: Idle UEs have to perform UE based speed estimation for their speed based operations.
In addition, based on those observations, we have the following proposal:
Proposal 1:  Simulation results indicate the gains of speed dependent HO parameter optimization. RAN2 is kindly suggested to consider speed dependent parameter optimization approaches.

Proposal 2: RAN2 is kindly suggested to consider pre-configuring multiple T310 values and choice of value based on speed and corresponding to different HO scenarios in a UE. 

Proposal 3: Based on the discussions above, RAN2 is kindly suggested making standards enhancement to support the UE based speed estimation for HetNet mobility.
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