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1. Introduction
Mobility enhancements to eMTC are within the scope of the new work item [1] on further enhanced eMTC, i.e., Rel-14 FeMTC. In RAN4 #80, it was identified that MIB acquisition delay is relevant during handover in eMTC because an eMTC UE needs to acquire MIB of the target cell to obtain the system frame number of the target cell [2]. In RAN4 80bis, 36.133 core spec was modified to ensure that MIB acquisition delay was incorporated in Handover delay. In this contribution, we propose handover enhancements that can potentially reduce the handover delay in Rel-14 FeMTC.
2. Discussion 
2.1. Indicating System Frame Number during Handover  

In Rel-13 eMTC, a UE needs to know the system frame number (SFN) of a cell in order to determine the RACH resource location (see Section 5.7 of TS 36.211 [3]). The handover message sent by the network to the UE does not carry system frame number of the target cell. Hence the UE will need to decode PBCH of the target cell and read MIB to obtain the SFN of the target cell. Decoding of MIB has an associated delay. In our companion paper [4], we show that in normal coverage, i.e. average Es/Iot > - 6dB, UE may take upto 150ms to acquire MIB and in enhanced coverage, a UE may take upto 2 seconds to acquire MIB, even when repetition of PBCH is enabled. Thus in Rel-13 eMTC, handover performance is significantly impacted due to delay in acquiring MIB (even mode A time of 150ms is very large for some delay sensitive applications).

Observation 1: Handover performance in Rel-13 eMTC is impacted by the delay in acquiring MIB, both in mode A and mode B.

If system frame number of the target cell is communicated to the UE through handover message, then the UE can avoid decoding of the MIB for the purpose of obtaining SFN for locating RACH resources. We note that networks are not necessarily SFN aligned. However, it is likely that neighboring cells in a network may differ in their SFN values by an SFN_delta = SFN_target – SFN_serving, which may be known to the serving cell prior to issuing a handover command. SFN_delta is also likely to remain constant over a long period of time. Thus, the serving cell need not always need to acquire the SFN of the target cell to compute SFN_delta, it may need to only update the SFN_delta once in a while. If the serving cell indicates SFN_delta to the UE in the handover message, then the UE can determine the SFN of the target cell and avoid all delays in acquiring MIB of the target cell. 
Observation 2: If the serving cell indicates SFN of the target cell or the SFN_delta = SFN_serving – SFN_target cell in the handover message, then the UE can avoid all delays in acquiring MIB of the target cell at the time of handover.

Proposal 1: Serving cell should indicate the SFN of the target cell or the SFN_delta = SFN_serving – SFN_target cell in the handover message issued to an eMTC UE to enhance handover performance.
2.2. Indicating repetition of PBCH during Handover 

In Rel-13 eMTC, the repetition of PBCH is optional, i.e., a cell may optionally enable the repetition of PBCH. The knowledge of PBCH repetition at the UE is useful since UEs need it to decide whether to ignore the REs associated with PBCH repetitions in MPDCCH & PDSCH reception (see TS 36.211 Section 6.6.4). If UE does not have apriori knowledge of whether a cell has repetition of PBCH enabled, then it needs to perform hypothesis testing (where the hypotheses are existence and absence of repetition of PBCH).
Observation 3: If a UE does not have apriori knowledge of whether PBCH repetition is enabled in a cell, then the UE will need to perform hypothesis testing to detect whether repetition of PBCH is enabled. Detection of whether PBCH repetition is enabled is important to determine whether to ignore the REs associated with PBCH repetitions in MPDCCH & PDSCH reception.

Hypothesis testing has cost in terms of delay, processing and memory. At the time of handover, such additional cost in delay, processing and memory can be avoided if the handover message from the serving cell UE indicates whether repetition of PBCH is enabled in the target cell. This will avoid hypothesis testing. Moreover, if the SFN or SFN_delta of the target cell is already indicated in the handover message, the UE can avoid decoding the MIB of the target cell altogether. If handover message does not indicate the SFN of the target cell, but indicates whether the target cell has repetition of PBCH enabled or not, then the UE can spend the additional processing on decoding the MIB rather than hypothesizing. Finally, since enabling PBCH repetition is long term property of a cell, it is likely that the serving cell can easily figure out whether the target cell has repetition of PBCH enabled. Based on the above observations, we have the following proposal
Proposal 2: In order to enhance handover performance in eMTC, the handover message issued to an eMTC UE should indicate whether repetition of PBCH is enabled in the target cell or not.
3. Conclusion
In this paper, we make the following observations and proposals to improve handover performance for Rel-14 FeMTC:
Observation 1: Handover performance in Rel-13 eMTC is impacted by the delay in acquiring MIB, both in mode A and mode B.

Observation 2: If the serving cell indicates SFN of the target cell or the SFN_delta = SFN_serving – SFN_target cell in the handover message, then the UE can avoid all delays in acquiring MIB of the target cell at the time of handover.

Proposal 1: Serving cell should indicate the SFN of the target cell or the SFN_delta = SFN_serving – SFN_target cell in the handover message issued to an eMTC UE to enhance handover performance.
Observation 3: If a UE does not have apriori knowledge of whether PBCH repetition is enabled in a cell, then the UE will need to perform hypothesis testing to detect whether repetition of PBCH is enabled. Detection of whether PBCH repetition is enabled is important to determine whether to ignore the REs associated with PBCH repetitions in MPDCCH & PDSCH reception.

Proposal 2: In order to enhance handover performance in eMTC, the handover message issued to an eMTC UE should indicate whether repetition of PBCH is enabled in the target cell or not.
Proposal 3: Send an LS to RAN2 requesting addition of the following to the Handover message in Rel-14 eMTC

· SFN of the target cell or the SFN_delta =  SFN_serving – SFN_target cell in the handover message
· Indication of whether repetition of PBCH is enabled in the target cell or not
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