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1 Introduction
In the last RAN1/2 joint session in LTE ad-hoc meeting, non-contention based handover [1] was discussed. The purpose of non-contention based handover is to minimise the handover delay and interruption time during handover execution. This paper compares the handover delay of contention and non-contention based handover procedures.
2 Discussion
 This section evaluates the handover delay from handover command to handover complete in the contention and non-contention based handover.
2.1 Contention based handover

 Figure 1 shows the contention based handover procedure, whose delay is analysed in Table 1.
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Figure 1: Contention based handover procedure.
Table 1: Contention based handover delay analysis.
	Step
	Description
	Duration

	1
	Average delay due to RACH scheduling interval
	5 ms

	2
	Transmission of RACH preamble
	0.5 ms

	3
	Scheduling grant – timing alignment
	3 ms

	4
	UE processing delay
	0.5 ms

	
	Total handover delay in contention based handover
	9 ms


2.2 Non-contention based handover
 Figure 2 shows the non-contention based handover procedure, whose delay is analysed in Table 2. The target cell reserves UL resources for sending HO complete, and sends the UL grant over the X2 interface to the source cell. The source cell transmits this UL grant to the UE by the HO command. Because the HO command may require HARQ retransmissions, the maximum delay caused by HARQ needs to be accounted for when reserving UL resources in the target cell, regardless of whether HARQ retransmissions actually occur or not. Hence, an activation time needs to be set. This is reflected in Table 2 as HARQ retransmission delay.
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Figure 2: Non-contention based handover procedure.
Table 2: Non-contention based handover delay analysis.
	Step
	Description
	Duration

	1
	Intra-eNB handover case: 

Inter-eNB handover case: X2 transfer delay of handover request confirm
	0 ms

2ms – 15ms

	2
	Handover command
	0.5 ms

	3
	HARQ retransmission delay @ maximum HARQ retransmission of 1
	2.5 ms

	
	Total handover delay in non-contention based handover

    - Intra-eNB handover case

    - Inter-eNB handover case
	3 ms
5-18 ms


2.3 Comparison of handover delays
 If contention does not occur with non-synchronised RACH, the average handover delay in the contention based procedure would be 9 ms. On the other hand, with non-contention based procedure, the delay would be 3 ms in intra-eNB handover, and would vary from 5 to 18 ms in inter-eNB handover. As such, non-contention based handover causes shorter delay in the case of intra-eNB. As DL sychronisation between the source and target cells can be maintained, non-contention based handover should be applied to intra-eNB handover. In the case of inter-eNB handover, the non-contention solution needs to be assessed further considering the fixed delay caused by the activation time. Moreover, the impacts on UE and NW for acquiring the timing advance and system frame number in the target cell, should also be considered.

3 Proposal
 This paper compared the handover delay of contention and non-contention based handover procedures. As a result, we propose that the non-contention based solution should be applied to the intra-eNB case. On the other hand, for inter-eNB, the delay caused by activation time, as well as the impacts on UE and NW, should be assessed further before concluding on contention or non-contention.
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