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1 Introduction
RAN4 sent LS to RAN2 and RAN1 in [1] summarizing the SI acquisition delay required by UE category 0 and UE category M1 (in CE Mode A and CE Mode B). The LS provides figures on the time required by the UE for acquiring the SI of the target cell under various procedures. In response RAN1 has also sent LS in [2] to RAN2 and RAN4 requesting RAN2 to define new signalling which is expected to reduce the handover delay.
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. This paper discusses possibility of reducing the handover delay requirements based on the new signalling expected to be specified by RAN2 [2].
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 for various procedures involving the SI acquisition time of the target cell [1]:
Table 1: Summary of acquisition delays of system information

	Parameter
	Cat 0
	Cat M1 CE Mode A
	Cat M1 CE Mode B

	T_MIB
	50
	120
	2560

	T_SIB1-BR
	
	160
	2560

	T_SI for cell re-selection
	1280
	1280
	6400

	T_SI for CGI
	1280
	1280
	5120

	T_SI for RRC re-establishment
	1280
	1280
	6400

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

NOTE 2:  T_SI for CGI includes time to acquire MIB and SIB1-BR


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

According to the RAN1 LS in [2], RAN2 is expected to specify new signalling field associated with the handover. The field will indicate that the time offset between the source and the target cells < 153600 Ts (0.5 ms). 

· From RAN1 perspective, it is beneficial to introduce a new field in the handover message that signals that the offset between source and destination cell is less than 153600 Ts.

The exact signaling solution is being specified in RAN2. According to [4-5], if the serving cell and the target cell are (loosely) synchronized in accordance with the above RAN1 agreement then a new field ‘sameSFN-Indication’ shall be included in a handover command. When this field is present in the handover command then the UE is able to find the starting sub-frame of the PRACH opportunities. In case the serving cell and target cell are (loosely) synchronized then the UE does not need to acquire the SFN in the MIB during handover. 
In our view RAN4 should also define handover requirements for UE category M1 and M2 for the following two cases:

· When the UE needs to acquire SFN of the target cell before sending PRACH during handover and
· When the UE does not need to acquire SFN of the target cell before sending PRACH during handover
1. When the UE needs to acquire SFN of the target cell:

When the handover command does not contain the field ‘sameSFN-Indication’ then the UE has to acquire the SFN of the target cell in order to know in which resource 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 also for UE category M1 and M2 in Rel-14. In other word the interruption time shall be: 
Tinterrupt = Tsearch + TMIB + TIU + 20 ms
2. When the UE does not need to acquire the SFN of the target cell:

When the handover command contains the field ‘sameSFN-Indication’ then the UE does not need to acquire the SFN of the target cell since in this case the serving cell and target cell are (loosely) synchronized. In this case TSFN can be excluded (i.e. TMIB = 0) from the existing requirements defined for UE category M1 and M2 in section 5.6.2 of TS 36.133, Rel-13. This obviously reduced the HO delay. In summary the interruption time in the handover delay can be expressed as follows:

Tinterrupt = Tsearch + TIU + 20 ms

4 Conclusion
In Rel-13 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 the handover requirements for FeMTC in Rel-14 are enhanced based on the introduction of new field by RAN2. Based on the analysis provided in this paper the following are proposed:

· Proposal # 1: In Rel-14 for UE categories M1 and M2 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 UE does not need to acquire the SFN of the target cell i.e. when handover command contains the field ‘sameSFN-Indication’.

The CR to specify the handover requirements for FeMTC is provided in [6].
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