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1 Introduction
In Rel-13 for eMTC (UE category M1) the handover requirements are defined. The handover delay also includes the time to acquire SFN of the target cell. 
In the last RAN4 meeting RAN4 sent LS to RAN2 in [1]. The LS provides figures on the time required by the UE for acquiring the SI of the target cell under various procedures.
2 Impact of SFN Acquisition on Handover Delay
During the handover procedure the UE category M1 (eMTC) needs to acquire the SFN of the target cell before sending the RACH to the target cell. The SFN acquisition requires the UE to acquire the MIB of the target cell. Table 1 below provides the summary of the delays [1]:
Table 1: Summary of acquisition delays of system information [1]
	Parameter
	Cat 0
	Cat NB1 NC
	Cat NB1 EC

	T_MIB-NB
	50
	640
	2560

	T_SIB1-NB
	
	5120
	29440

	T_SIB2-NB
	
	2560
	9560

	T_SI for cell re-selection
	1280
	8320
	41560

	T_SI for RRC re-establishment
	1280
	8320
	41560

	NOTE 1: The parameters T_MIB-NB and T_SI are defined in TS 36.133

NOTE 2: The terms NC and EC are abbreviations for normal coverage and enhanced coverage, respectively

NOTE 3: The values for SI acquisition delays for Category NB1 UEs have been derived using baseband only simulations and do not include RF impairment margin

NOTE 4: The SIB2-NB acquisition delay depends on network configuration


The extra delay due to SFN acquisition is 640 ms and 2560 ms in normal coverage and enhanced coverage levels respectively. This is considerably long delay for handover even in normal coverage. 
3 Enhancement of Handover Delay Requirements

RAN2 is expected to take the above mentioned RAN4 feedback into account when developing or enhancing mobility related procedures for FeMTC in Rel-14. However independent of their work, we suggest RAN4 also improves handover requirement for FeMTC. 
The SFN of the target cell is needed in order to know in which radio frame the UE can transmit the random access to the target cell. The PRACH can be configured in one or more subframes in every radio frame or in one or more subframes in every other radio frame. The UE acquires the PRACH configuration information in the handover command. But the UE does not know the frame number of the target cell. Based on these facts, one possibility is that RAN4 develops handover requirement for two cases:
1. When the UE needs to acquire SFN of the target cell:

For example if the PRACH is configured in every second radio frame in the target cell then the UE has to acquire the SFN of the target cell in order to know where the PRACH should be transmitted. In this case the existing requirements defined for UE category M1 in section 5.6.2 of TS 36.133, Rel-13 shall apply. 
2. When the UE does not need to acquire the SFN of the target cell:

For example if the PRACH is configured in every radio frame in the target cell then the UE does not need to acquire the SFN of the target cell. This is because the UE can send the random access in any radio frame. In this case TSFN can be excluded (i.e. TMIB = 0) from the existing requirements defined for UE category M1 in section 5.6.2 of TS 36.133, Rel-13. Furthermore if RAN2 develops a procedure or signalling means by which the UE will be aware of the SFN of the target cell then as well, TMIB = 0.
In summary the interruption time in the handover delay can be expressed as follows:

Tinterrupt = Tsearch + TMIB + TIU + 20 ms

TMIB = 0 if the PRACH is configured in at least one subframe of every radio frame in the target cell or if the UE does not need to acquire the SFN of the target cell.
The main advantage of the second case is that if the network configures PRACH resources in every frame in the target cell then the overall handover delay will be much shorter compared to the case when the network dos not configure PRACH resources in every frame. 
4 Conclusion
In Rel-12 eMTC, the handover delay involves the time to acquire the SFN of the target cell. This leads to very long handover delay especially in enhanced coverage. Therefore we suggest to enhanced the handover requirements for FeMTC in Rel-14. Based on the analysis provided in this paper the following are proposed:

· Proposal # 1: Specify handover requirements for the two cases when the UE needs to acquire SFN and when the UE does not need to acquire SFN of the target cell. The interruption time in the handover delay can be expressed as follows:
Tinterrupt = Tsearch + TMIB + TIU + 20 ms

Where: TMIB = 0 if the PRACH is configured in at least one subframe of every radio frame in the target cell or if the UE does not need to acquire the SFN of the target cell.
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