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1. Introduction

During study phase, the solutions to improve the performance of serving cell change (SCC) were proposed [1].

· SF-DC: SF-DC operation improves the system performance at medium to low loading, especially for the cell edge users.

· eSCC (enhanced serving cell change): The SCC is triggered by the order of target cell which is improve the reliability of SCC.

In this paper we provide our simulation results for SF-DC and eSCC and propose further possible enhancements for eSCC. 
2. Discussion

2.1 Simulation results for SF-DC and eSCC

In our simulation, 4 small cells and 4 UEs are randomly deployed in one macro cell coverage. UE moves in a straight line at a constant speed (3 km/h, 30 km/h,
60 km/h, 90 km/h and 120 km/h) with random direction. The SRB is over HSPA. The detailed simulation assumptions can be seen in Annex. 
Table 1 below shows the number of serving cell change failure for eSCC and SF-DC during 50s simulation period.
Table 1. The Number of Serving cell change failure

	UE Rx Num
	Dual-Rx
	Single-Rx

	UE Speed(km/h)
	3
	30
	60
	90
	120
	3
	30
	60
	90
	120

	Baseline (SCC)
	2
	6
	72
	200
	348
	2
	199
	607
	1007
	1288

	eSCC
	0
	2
	27
	54
	90
	1
	27
	65
	115
	137

	SF-DC
	0
	0
	2
	19
	31
	SF-DC is not based on single-Rx


Observation 1: Using eSCC or SF-DC can significantly reduce SCC failure for HetNet, SF-DC could provide better performance compared with eSCC for Dual-Rx UE.

2.2 Possible further enhancements to eSCC
There are three measurement events can trigger SCC:

· Event 1D: Change the serving cell to the cell triggering 1d report.
· Event 1C: When UE triggers Event 1C to replace serving cell with a non active set cell. The network will change the serving cell to the best cell in active set firstly and then replace the ex-serving cell with the non active set cell.
· Event 1B: When UE triggers Event 1B to delete serving cell, the network will change the serving cell to the best cell in current active set firstly and then delete the ex-serving cell. 
Table 2 below shows the distribution of the number of SCC failures triggered by event 1b, 1b and 1D during 50s simulation period. 

Table 2. The number of SCC failure distribution triggered by event 1B, 1C and 1D
	UE Rx Num
	Dual-Rx 
	Single-Rx

	UE Speed(km/h)
	3
	30
	60
	90
	120
	3
	30
	60
	90
	120

	No. of SCC failure cause by 1d (eSCC)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	No. of SCC failure cause by 1B and 1C
	0
	2
	27
	54
	90
	1
	27
	65
	115
	137


Observation 2: with eSCC being used, the majority of SCC failures are mainly caused by Event 1B/1C.

Taking observation 2 above into account, we could consider improving 1B/1C performance for the next step if further enhancements are needed. Since the gain achieved from eSCC for Event 1D is more accurate in  decoding of handover command from target cell, similar mechanism could also be applied to 1B and 1C. 
For 1B, it should be similar as eSCC for 1D, if the cell to be deleted is the serving cell, UE just needs to listen to HS-SCCH order of the best cell of the active set (event report includes the measurement results of each cell in the active set).

For 1C, similarly, when if the cell to be replaced is the serving cell by a cell out of active set, the network will change the serving cell to the best cell of current active set, UE also listens to HS-SCCH order of the best cell of the current active set. Table 3 below shows the simulation results if eSCC is also applied to Event 1B/1C besides Event 1D.
Table 3. the Number of SCC failure with eSCC applied to 1B/1C
	UE Rx Num
	Dual-Rx 
	Single-Rx

	UE Speed(km/h)
	3
	30
	60
	90
	120
	3
	30
	60
	90
	120

	Num of SCC failure caused by 1B and 1C (baseline from table 2)
	0
	2
	27
	54
	90
	1
	27
	65
	115
	137

	eSCC applied to 1B and 1C
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	SF-DC
	0
	0
	2
	19
	31
	SF-DC is not based on single-Rx


Observation 3: with eSCC being applied to Event 1B/1C, the handover performance improved significantly compared with current eSCC mechanism.

3. Conclusions
In this document we analyzed the issue of serving cell change failure, and proposed RAN2 to discuss the need of applying eSCC mechanism to Event 1B/1C.
Proposal 1: It is proposed RAN2 to discuss the need of further enhancement to current eSCC mechanism for HetNet deployment, i.e., to apply eSCC to Event 1B/1C.
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5. Annex

Table 1: Mobility simulation assumptions

	Parameter
	Value

	Macro-pico deployment type
	Co-channel

	Power of Macro cell [dBm]
	43

	Cell loading [%]
	100,

	Number of sites/sectors
	19/57

	LPN deployment method
	Random placement: LPN randomly and uniformly placed within a Macro cell satisfying the distance requirement

	Power of LPN cell[dBm]
	30Bm

	LPN Num per Macro Cell
	4

	UE Num per Macro Cell
	4

	UE deployment method
	Random placement: UE randomly placed within a Macro cell

	UE speed  [km/h]
	3, 30, 60, 90,120

	UE movement
	Random

( After initially being dropped at a random location, the UE will randomly select a direction and move in a straight line at a constant speed)

	Event 1A, 1B Reporting Range [dB]
	1A 3, 1B 6

	Event 1A, 1B, 1C TimeToTrigger [ms]
	1A 320, 1B:640, 1C:320

	Event 1A, 1B, 1C Hysteresis [dB]
	1A:0dB, 1B:0dB, 1C:4dB

	Event 1A, 1B Maximum Network Delay [ms]
	100 for SRB over HSPA

(the interval between the time UE sends a mobility event report (E1a, E1B) on the UL till the time it receives a L3 confirmation on the DL ( ASU ))

	Event 1D TimeToTrigger [ms]
	640

	Event 1D Hysteresis [dB]
	4

	Event 1D Maximum Network Delay [ms]
	100 for SRB over HSPA

(the interval between the time UE sends a mobility event report (E1d) on the UL till the time it receives a L3 confirmation on the DL ( RBR or PCR))

	Tmeasurement period intra [ms] 
	200

	Layer3 Filter Parameter K

(corresponding to 458ms filter time constant with Tmeasurement period intra =200 ms)
	3

	CIO [dB]
	0 

(value 0 for Macro/LPN to  Macro , 0 & 3 for macro/LPN to LPN)

	Max active set size
	3

	Threshold for receiving RBR/ASU, Ec/Io [dB]
	-20dB for single rx, -23dB for dual rx

	UL UE category
	2ms TTI and 10ms TTI (optional) 

	Active set size to trigger 1C
	Equal to Max active set size

	Active set size to trigger 1A
	Equal to or lower than (Max active set size-1)

	Event 1A, 1B W
	0

	HS-SCCH Order Decoding Threshold in Ec/Io
	-28dB for single rx, -31dB for dual rx

	Period to evaluate the Ping-pong handover [s]
	1
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