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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 eMTC. In this paper, we present potential enhancement to connected mode mobility within the same cell.
2. RLM enhancement for connected mode mobility
2.1. Mobility within a cell

Traditionally, mobility is thought of as a UE moving from one cell to another. However, in Rel-13 eMTC, the concept of coverage enhancement (CE) mode was introduced. A Rel-13 eMTC UE can be configured with CE mode A (few dBs better coverage than legacy LTE), or CE mode B (few more dBs better coverage beyond CE mode A). Based on how the UE moves in a cell, it may move from SNR levels suitable for CE mode A to SNR levels suitable for CE mode B and vice versa. If  the network has good knowledge of what SNR UE is experiencing, it can accordingly configure it in CE mode A or CE mode B, and also choose the right aggregation (only for MPDCCH) and repetition levels (both for MPDCCH and PDSCH) desired for reliable decoding at the UE. 

Observation 1: Multiple coverage levels are possible in Rel-13 eMTC. UE may move from one coverage level to another. Network configurations like max aggregation level, and max repetition level are likely to be dependent on network’s understanding of the SNR observed by the UE.
2.2. RLM in Rel-13 eMTC 

In order to perform RLM, UE needs to determine how its RLM SNR compares to the Qin and Qout SNR levels. If its RLM SNR is lower than Qout SNR level for more than a certain specified period, UE is supposed to trigger RLF and go out-of-sync. In order to recover from RLF, UE’s SNR needs to be above Qin for a certain specified period. In Rel-13 eMTC, Qin and Qout SNR levels are dependent on network configuration. More specifically, an RRC reconfiguration will implicitly indicate the maximum aggregation level and repetition level possible for MPDCCH, based on which UE has to determine the Qin and Qout SNR level. In Rel-13 eMTC, Qout SNR level corresponds to 10% BLER of (Agg level = Lmax, Repetition level = Rmax) and Qin SNR level corresponds to 2% BLER of (Agg level = Lmax -2, Repetition level = Rmax/2). Note that, as Lmax and Rmax are increased, Qout and Qin SNR levels lower. 

Observation 2: Qin and Qout SNR levels are dependent on network configuration, i.e., Lmax = max aggregation level and Rmax = max repetition level. Higher Lmax and Rmax correspond to lower Qin and Qout SNR levels.
2.3. RLM enhancement for Rel-14 eMTC 

Based on Observation 2, it is obvious that an observed SNR level that can result in triggering RLF for one set of Lmax and Rmax maybe well within the coverage level of another (higher) Lmax and Rmax pair. If the network can support multiple Lmax and Rmax, and it anticipates that a UE is moving into worse coverage levels, then it can configure the UE with higher Lmax or higher Rmax so that the UE does not RLF, rather reevaluate its Qin and Qout SNR levels to remain in-sync. In Rel-13 eMTC, such change in network configuration could be based on either CQI reporting, outerloop (if UE is scheduled MPDCCH or PDSCH) or based on RSRP reporting. CQI reporting need not always be configured, outerloop is based on scheduling and RSRP is neither a good indicator of whether the MPDCCH is BLER is likely to be low or high, nor very accurate at low SNRs.
In Rel-13 eMTC, there are no event triggers and reporting through which UE can pre-emptively indicate to the network that it is moving into bad coverage level with respect to the current and is likely to trigger an RLF. However, it seems feasible to define such events in order to improve the mobility performance of an eMTC UE. The event trigger thresholds and timers could depend on DRX cycle length, downlink signal quality (SNR) and UE speed. For example, 

Event M1: Downlink signal quality (SNR) falls below a threshold Early_Qout_M1 implying that UE is moving from CE mode A to CE mode B. This event can help eNB to re-configure the UE with higher max repetition and/or max aggregation level. 

Event M1 can help in maintaining reliable link quality to the UE and not letting it RLF, if the network indeed supports a higher coverage level. Similarly, events can be defined for UE to pre-emptively indicate that its coverage level is improving. For example,
Event M2: Downlink signal quality (SNR) falls above a threshold Early_Qin_M2 implying that UE is moving from CE mode B to CE mode A. This event can help eNB configure a lower max repetition and/or aggregation level for UE.

Event M2 can possibly help save network resources for UEs that are already in good coverage.
Proposal: Introduce new Early Qout and Early Qin Event Triggers by UE to enable eNB to pre-emptively change max MPDCCH aggregation and/or repetition levels to provide UE with a reliable link quality during coverage level transitions during UE mobility. 
Similar proposal is also being discussed in the context of Rel-14 NB-Iot [2]. Note that, in eMTC max aggregation level and/or repetition level are independent of CE mode. Hence the definition of the events may have to be dependent on thresholds of (Lmax, Rmax) pair rather that CE mode itself. Also, the choice of the number of events need not be restricted to two. More events are possible based on how many thresholds for (Lmax, Rmax) are deemed useful.
3. Conclusion
In this paper, we make the following proposal to improve mobility performance for Rel-14 eMTC.
Proposal: Introduce new Early Qout and Early Qin Event Triggers by UE to enable eNB to pre-emptively change max MPDCCH aggregation and/or repetition levels to provide UE with a reliable link quality during coverage level transitions during UE mobility. 
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