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1. Introduction
According to the simulation results included in TR 36.839 [1], the UE speed has a significant impact on the HO performance. That is, in HetNet environments, high speed UEs would suffer much higher HO failure rate than low speed UEs. Moreover, the Ping-Pong rate would be relatively high for low speed UEs if aggressive handover parameters are applied. Therefore, we should discuss how to improve HO performance and lower Ping-Pong rate in HetNet environments by taking UE mobility state into consideration. The mechanisms for a UE to provide its mobility state to the eNB are also necessary to support such enhancement.
2. Discussion
In TR 36.839 [1], the experiments had been conducted to evaluate average handover failure rate and average overall handover failure rate for different sets with different parameter settings. The simulation results are displayed in Table 1. According to Table 1, the simulation results indicate the same trend for different sets and high speed UEs obviously suffer much higher HO failure rate. Therefore, to enhance HO performance in HetNet environments, a high speed UE shall not access a pico cell to avoid performing HO procedure from macro to pico or from pico to macro. Currently, the standard supports low cost method to simply count the number of handovers during a given time period, i.e., mobility state estimation (MSE), to reflect a UE’s speed. Although MSE is very coarse now, several ways to enhance it are under consideration [1]. Therefore, we tend to keep using the estimated mobility states and propose that a Connected UE with high mobility shall not access a pico cell in HetNet environments for robust mobility.

Proposal 1: A Connected UE with high mobility shall not access pico cell in HetNet environments.

	
	State 
	Speed
	Set1
	Set2
	Set3
	Set4
	Set5

	Average of all the companies' results
	2
	3
	7.448
	3.705
	2.322
	0.853
	0.192

	
	
	30
	36.357
	19.146
	8.393
	2.935
	0.870

	
	
	60
	52.261
	34.502
	14.959
	6.227
	2.040

	
	
	120
	57.158
	48.127
	29.121
	13.749
	4.863

	
	3
	3
	0.058
	0.113
	0.217
	0.310
	0.455

	
	
	30
	0.868
	0.188
	0.466
	0.519
	0.851

	
	
	60
	2.555
	0.445
	0.727
	1.046
	1.680

	
	
	120
	7.200
	1.115
	1.610
	2.764
	3.370

	
	OVERALL
	3
	7.506
	3.818
	2.539
	1.163
	0.647

	
	
	30
	37.225
	19.334
	8.859
	3.453
	1.720

	
	
	60
	54.809
	34.945
	15.683
	7.273
	3.718

	
	
	120
	64.260
	49.196
	30.708
	16.498
	8.219


Table 1. Average handover failure rate simulation data in state 2, state 3 and average overall handover failure rate simulation data (Table 5.5.1.2.1 in [1])
Furthermore, according to the simulation results showed in TR 36.839 [1], there is a trade-off between amount of Ping-Pongs and aggressive handover parameters. For example, for a UE with low mobility, the major concern in pico cells would be Ping-Pong rate. Therefore, relatively high HO offset and hysteresis could be adopted to reduce Ping-Pong rate in pico cells. Also, a smaller TTT may be desired for a UE with low mobility to improve the overall HO performance in HetNet environments. On the contrary, a UE with high mobility may suffer much higher HO failure rate and shall not access a pico cell to avoid performing HO procedure. Therefore, aggressive handover parameters are not necessary for a UE with high mobility. To support the serving cell to set the appropriate parameters and make the right actions, we propose that a UE shall indicate its mobile state from IDLE to Connected state [2]. The mobility state indication could be limited to 1 or 2 bits, and the serving cell could use this information immediately (e.g., the initial reconfiguration) to reduce both HO failure rate and Ping-Pong rate.
Proposal 2: A UE shall indicate its mobile state from IDLE to Connected state.

Even if a UE may indicate its mobile state from IDLE to Connected state, it could happen that a UE changes its speed (e.g., from low speed to high speed) in the same serving cell. For this case, the serving cell may not know the UE has changed its speed. Consequently, the serving cell would still configure the handover parameters based on the previous mobility state, which are no longer suitable, or still allow a high speed UE accessing a pico cell. To lower such risk, we suggest including other assistance information to help setting the appropriate parameter settings in time. For example, if the UE turns on its GPS, it may have more information about its current speed. Therefore, we propose that a connected UE may indicate its speed based on other techniques (e.g., velocity provided by GPS) to provide more precise information to eNB for reference.
Proposal 3: A Connected UE may indicate its speed based on other techniques to provide more precise information to eNB for reference.

Finally, as stated in [1], handover performance in HetNet deployments is not as good as in pure macro deployments and of the different HO types, Pico to Macro handover performance showed the worst performance. Also, as mentioned before, a high speed UE suffers much higher HO failure rate. Consequently, if an IDLE UE with high mobility selects a pico cell and then makes RRC connection to this pico cell, the UE may not successfully camp on this pico cell or may need to perform HO procedure after a short period with very high possibility of HO failure. Since it is risky for an IDLE UE with high mobility to select a pico cell, we suggest that an IDLE UE with high mobility shall not select pico cell in HetNet environments.
Proposal 4: An IDLE UE with high mobility shall not select pico cell in HetNet environments.
3. Conclusions
In summary, the following proposals are provided:
Proposal 1: A Connected UE with high mobility shall not access pico cell in HetNet environments.
Proposal 2: A UE shall indicate its mobile state from IDLE to Connected state.
Proposal 3: A Connected UE may indicate its speed based on other techniques to provide more precise information to eNB for reference.
Proposal 4: An IDLE UE with high mobility shall not select pico cell in HetNet environments.
References
[1]
3GPP TR 36.839 Mobility enhancements in heterogeneous networks
[2]
R2-123614, “Providing Mobility Assistance Information Based on MSE and History Record,” ITRI[image: image1.png]


[image: image2.png]


[image: image3.png]


[image: image4.png]


[image: image5.png]



PAGE  
3

