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1 Introduction
During the recent three meetings, RAN1 has discussed mobility performance of release 8. During the last meeting the contribution [3] was treated, this contribution shows that handover procedure is working well in the studied scenarios, which is a high speed train scenario (250 km/h). During the last meeting the issue of very high speed train was addressed in [1]. In this contribution the very high speed train scenario is studied on a more detailed level. 
2 Simulation assumption
The modelling in this contribution for the simulations is similar as in [3], with the exception that the RLF mechanism considered.

The network consists of 21 cells with a constant number of users. The typical urban propagation environment is used. There are in total 420 UEs in the network and each of the UEs has ongoing web data service, this corresponds to a fully loaded network. So this is an extremely difficult case to evaluate HO in. In the simulations the UEs are moving at random directions with fixed speed. The network deployment and web data traffic model are the ones described in [2].

The scheduler allocates UEs in a round robin way. When RRC signalling and web data traffic exist in a UE’s buffer, RRC traffic is prioritized over web data. Although the simulations are simulated with web data traffic the conclusion would also hold for a VoIP traffic scenario.
Main simulation parameters are listed in Annex A.

3 Simulation results
Simulation results for a fully loaded network are provided in Table 1. From the results it can be observed that the UE will have a successful HO in about 99.8% when also taking into account the radio link failure recovery procedure with in LTE. The UE will make a HO on average each 4.2s and no problems from ping-pong effects were observed in the simulations. The simulation results also show that most UEs either end up in the target or source cell during RLF recovery. However in about 6% of the cases RLF is triggered, for those cases it can be observed that the RLF recovery is successful in 99% of the cases. 
	Total number of HO
	Successful HO
	Directly successful HO
	Triggered recovery
	Recovered HO
	Failed HO

	10008
	9997
	9377
	629
	621
	11


Table 1: HO performance for very high speed train
The UE that will recovery will experience a slightly longer delay, so it is motivated to study the CDF for those UEs. A CDF of delay is shown in Figure 1. It can be observed that ~70% UE will experience a delay shorter than 500ms and that ~90% of the UE will experience a delay shorter than 550 ms. Based on theses results it can be concluded that the recovery procedure with LTE Rel-8 is working fine and is providing the result it has been designed for.
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Figure 1: CDF for very high speed train

For this very challenging HO case, it can be seen that the HO is finally successful in almost all cases (99.8%). It would further be expected that performance would be better if the load in the system was lower, as it is an extreme case of having an always fully loaded network. 
To evaluate if the HO performance is at an acceptable level or not we have to take into account what HO performance LTE is designed for. According to [4], “Mobility across the cellular network shall be maintained at speeds from 120 km/h to 350 km/h (or even up to 500 km/h depending on the frequency band)”. Based on our simulation results the conclusion can be drawn that that this requirement is well met for this scenario. 
4 Conclusion

In this contribution mobility performance for very high speed train scenario for LTE release 8 is evaluated. From the simulation results above it can be seen that the handover procedure is working well according to the expectations in [4]. Hence it does not motivate any modifications of the HO procedure. 
A text proposal is provided for the TR in Annex B, the text proposal also includes the case of high speed train scenario according to [3].

5 References
[1] R1-091647 Preliminary simulation results on LTE Rel-8 mobility performance
NTT DoCoMo
[2] TR 25.912, Feasibility study for evolved UTRA (E-UTRA) and evolved UTRAN (E-UTRAN)
version 7.1.0
[3] R1-091309 Evaluation of handover performance in a high speed train scenario
Ericsson
[4] TR 25.913 Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)
version 8.0.0
Annex A: Simulation parameters
	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	5 MHz

	Duplexing
	
	FDD

	3GPP Macro Cell Scenario
	Cell layout
	21 sectors/7 BSs

	
	Minimum distance between UE and cell site
	30 m

	
	Antenna pattern
	75-degree sectored beam

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	Typical Urban

	Cell Radius
	
	1000 m

	Number of UEs per cell
	
	20

	Traffic model
	
	Web data

	UE Speed
	
	350 km/h

	RSRP Measurement
	Measurement period
	66.67 ms

	
	Sliding window size 
	3 samples

	L3 Filter Coefficient
	
	K = 4

	Receiver diversity
	
	2RX MRC

	X2 Latency & eNB processing
	
	50 ms

	RRC Processing Delay
	
	20 ms

	UE processors switching time
	
	20 ms

	HO message sizes
	
	Measurement report: 184 bits; HO command: 288 bits; 
HO confirm message: 112 bits

	Simulation Time
	
	100 sec


Annex B: TP for the TR on E-UTRAN mobility evaluation and enhancement for LTE rel-9
6.3
Very high speed train and high speed train scenario

6.3.1
Simulation results for very high speed train (350 km/h)
This section evaluates the HO performance in a very high speed train scenario (350 km/h). The network consists of 21 cells with a constant number of users with a 5 MHz system. The typical urban propagation environment is simulated. For the simulation RLF recovery is considered. There are in total 420 UEs in the network and each of the UEs has ongoing web data service, this corresponds to a fully loaded network.
In the simulations the UEs are moving at random directions with fixed speed. Although the simulations are simulated with web data traffic the conclusion would also hold for a VoIP traffic scenario.
The simulation results are provided in Table 1. From the results it can be observed that the UE will have a successful HO in about 99.8% when also taking into account the RLF recovery procedure within LTE. The UE will make a HO on average each 4.2s and no problems from ping-pong effects were observed in the simulations. The simulation results also show that most UEs either end up in the target or source cell during RLF recovery. However in about 6% of the cases RLF is triggered, for those cases it can be observed that the RLF recovery is successful in 99% of the cases. 

	Total number of HO
	Successful HO
	Directly successful HO
	Triggered recovery
	Recovered HO
	Failed HO

	10008
	9997
	9377
	629
	621
	11


Table 1: HO performance for very high speed train
The UE that will recover will experience a slightly longer delay, so it is motivated to study the CDF for those UEs. A CDF of the experienced delay is shown in Figure 1. It can be observed that ~70% UE will experience a delay shorter than 500ms and that ~90% of the UE will experience a delay shorter than 550 ms. Based on theses results it can be concluded that the recovery procedure with LTE Rel-8 is working fine and is providing the result it has been designed for.
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Figure 1: CDF for very high speed train

For this very challenging HO case, it can be seen that the HO is finally successful in almost all cases (99.8%). It would further be expected that performance would be better if the load in the system was lower, as it is an extreme case of having an always fully loaded network. The simulation results do not motivate any modification of the HO procedure.
6.3.2
Simulation results for high speed train (250 km/h)

This section evaluates the HO performance in a high speed train scenario (250 km/h). The network consists of 21 cells and the system bandwidth is 5 MHz system. No RLF recovery is considered for the simulation. The typical urban propagation environment is simulated. All users have VoIP sessions throughout the simulation. Users are moving at random directions with fixed speed.
The simulation results are presented in Table 2. Two different cell radii (288 m and 1000m) are simulated together with a load in the cell of 40 VoIP UEs per cell. The high speed train velocity is 250 km/h.
For the cell radius of 288 meters no radio link failure is observed. However for the cell radius of 1000 meters a radio link failure rate of 1.6% is identified. It can be seen that the large cell size is not a reason for radio link failures to an unacceptable level. Moreover as RLF mechanism was not considered, the actually number of failed HO will be significantly lower than the RLF recovery rate.
	Cell radius (m)
	RLF rate (%)

	288
	0

	1000
	1.6


Table 2: HO RLF rate for high speed train with 40 VoIP UEs/cell
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