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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 [1] was discussed, the contribution evaluated the HO procedure within a Manhattan scenario in a medium loaded network. The contribution draws the conclusion that the HO procedure is working well and that performance does not motivate any modifications to the current procedure. The Manhattan scenario was also evaluated in [2], [3] and [4]. To continue evaluation of this very challenging HO scenario we have in this contribution evaluated the Manhattan scenario with a fully loaded network.

2 Simulation assumption
The modelling in this contribution for the simulations is similar as in [1], with the exception that the RLF mechanism considered.

The network consists of 32 base stations with a constant number of users. The block size is 200 meters and the cells are placed either at the corners or along the block in the middle between corners. As compared to [1], this contribution only evaluates the base station density of simulation area spanning 72 blocks. 
All of the UEs have ongoing web data sessions throughout the simulation. Users are moving along the streets with a 0.5 turning probability. The network deployment and web data traffic model are the ones described in [5]. 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
The simulations are done with two different UE speeds 3 km/h and 50 km/h. The same hysteresis and time to trigger are considered for both UE speeds, although an alternative would have been to use multiple triggers which are supported within LTE rel-8. In general, the results in Table 1 are not much different from the results in [1]. 
From the results it can be concluded that all HO are successful and that very few HO results in RLF recovery, in average about ~0.1%. As there is so very few HO that result in RLF recovery, the extra delay associated with this is negligible. Further the number of HO is at an acceptable level although optimized parameters have been used. No problems from ping-pong effects were observed in the simulations and the UE will experience on average a HO each 6s (50 km/h) and 65s (3 km/h). 
	UE speed (km/h)
	eNB position
	Simulation time (s)
	Total number of HO
	Directly successful HO
	Recovered HO
	Failed HO

	50
	Middle of the street
	100
	10532
	10514
	18
	0

	50
	Corner
	100
	10481
	10464
	17
	0

	3
	Middle of the street
	300
	2911
	2908
	3
	0

	3
	Corner
	300
	2972
	2969
	3
	0


Table 1: HO performance in a fully load network

4 Conclusion

In this contribution mobility performance for fully loaded network within a Manhattan scenario for LTE release 8 is evaluated. From the simulation results above it can be seen that the handover procedure is working well for fully loaded network within a Manhattan scenario.
A text proposal is provided for the TR in Annex B, the text proposal also includes the case of the medium loaded Manhattan environment that was evaluated in [1].
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Annex A: Simulation parameters
	Parameters
	Comments

	System bandwidth
	5 MHz

	Downlink transmission scheme
	1 TX antenna, 2 RX antennas

	Traffic model
	Web data traffic

	User generation model
	Fixed number of users

	Propagation model
	UMTS 30.03

	Shadowing sigma
	6 dB

	Shadowing correlation distance
	15 m

	Minimum distance
	20 m

	Dual slope breakpoint 
	400 m

	Suppression breakpoint
	1000 m

	Deployment 
	UMTS 30.03 (eNB placed either in the middle of the street or at corners)

	Number of eNBs
	32

	Number of blocks
	72

	Block size
	200 m

	Number of users
	640 users

	User speed
	3km/h and 50km/h

	Turning probability
	0.5

	Measurement quantity
	RSRP

	Measurement period
	66.67 ms

	UE measurement reporting scheme
	Event-trigger

	Triggering event
	A3 as defined in 3GPP TS 36.331

	Measurement report size
	184 bits

	Accuracy of measurements
	Measurement accuracy is considered

	Layer 1 Filtering Parameters
	RSRP Measurement Reporting Period = 120ms

Number of RSRP Measurements per Period = 3

	Layer 3 filtering coefficients
	K=4 (alpha=0.5)

	HO command message size
	288 bits

	HO confirm message size
	120 bits


Annex B: TP for the TR on E-UTRAN mobility evaluation and enhancement for LTE rel-9
6.2
Manhattan Scenario

6.2.1
Simulation results for fully loaded Manhattan scenario
This section evaluates the performance of the HO procedure in a fully loaded Manhattan environment with a 5 MHz system. The network consists of 32 base stations with a constant number of users. The block size is 200 meters and the cells are placed either at the corners or along the block in the middle between corners. All of the UEs have ongoing web data sessions throughout the simulation. Users are moving along the streets with a 0.5 turning probability. Although the simulations are simulated with web data traffic the conclusion would also hold for a VoIP traffic scenario.
The simulations are done with two different UE speeds 3 km/h and 50 km/h. The same hysteresis and time to trigger are considered for both UE speeds. In general the results in Table 1, are not that different from the results in section 6.2.2.
From the results it can be concluded that all HO are successful and that very few HO result in a RFL recovery, in average about ~0.1%. As there are so very few HO that result in RLF recovery, the extra delay associated with this is negligible. Further the number of HO is at an acceptable level although optimized parameters have been used. No problems from ping-pong effects were observed in the simulations and the UE will experience on average a HO each 6s (50 km/h) and 65s (3 km/h). It has been shown in the simulation results in this section that neither 50 km/h nor the 3 km/h is reasons for getting radio link failures to unacceptable levels or HO failures.
	UE speed (km/h)
	eNB position
	Simulation time (s)
	Total number of HO
	Directly successful HO
	Recovered HO
	Failed HO

	50
	Middle of the street
	100
	10532
	10514
	18
	0

	50
	Corner
	100
	10481
	10464
	17
	0

	3
	Middle of the street
	300
	2911
	2908
	3
	0

	3
	Corner
	300
	2972
	2969
	3
	0


Table 1: HO performance in a fully load network

6.2.2
Simulation results for medium loaded Manhattan scenario

This section evaluates the performance of the HO procedure in a medium loaded Manhattan environment with a 5 MHz system. The network consists of 32 base stations with a constant number of users. The block size is 200 meters and the cells are placed either at the corners or along the block in the middle between corners. Two different densities of the base station setup are evaluated, either 36 or 72 blocks. For both cases the numbers of base stations are kept constant.

The simulations are done with two different UE speeds 3 km/h and 50 km/h. As can be observed from the Table 2 which corresponds to a grid size of 36 there are about ~60 000 successful handovers and 0 unsuccessful handovers. For the setup with a grid size of 72 base stations there are in total ~43000 successful handovers and 20 unsuccessful handovers, which is summarized in Table 3. It has been shown in the simulation results in this section that neither 50 km/h nor the 3 km/h is reasons for getting radio link failures to unacceptable levels.
	UE speed (km/h)
	eNB position
	Simulation time (s)
	Successful HO
	RLF

	50
	Middle of the street
	100
	28548
	0

	50
	Corner
	100
	18885
	0

	3
	Middle of the street
	300
	6335
	0

	3
	Corner
	300
	4906
	0


Table 2: HO RLF rate for 36 blocks and 100 VoIP UEs/cell
	UE speed (km/h)
	eNB position
	Simulation time (s)
	Successful HO
	RLF

	50
	Middle of the street
	100
	22390
	19

	50
	Corner
	100
	11842
	0

	3
	Middle of the street
	300
	5524
	1

	3
	Corner
	300
	3181
	0


Table 3: HO RLF rate for 72 blocks and 100 VoIP UEs/cell
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