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1. Introduction
The core RRM requirements for eMTC are under discussion in RAN4. In previous meetings the requirements for RRM measurements were discussed. In this paper we touch on several issues related to RRM measurements procedures.
2. Discussion
eMTC devices operate in a 6RB portion of a LTE channel at any given moment in time. These 6 RBs are not necessarily allocated in the center of the LTE channel. As such, in order for the UE to be able to measure neighbor cells, it has to re-tune to the center 6RBs to acquire PSS/SSS. In previous meetings it was agreed to reuse the legacy gap patterns for measurements [1]. In this paper we further elaborate on the measurement procedures for eMTC UEs.

Using measurement gaps for intra-frequency measurements will make these measurements similar to inter-frequency measurements for legacy UEs. As such, it would be more appropriate to apply the legacy inter-frequency requirements (or derive the requirements based on these) rather than Rel.12 Cat. 0 requirements. In previous meetings it was tentatively agreed to re-use the measurement requirements defined for Cat. 0 UEs [1]. It should be noted that the 400ms measurement period requirement would be even tighter than the legacy inter-frequency measurement period and would only allow for about 50ms of actual measurement time within this period. Hence, reusing the Cat. 0 requirements is not feasible. Another option would be to scale the measurement period by the time available for measurements, similar to how the inter-frequency measurement delays are currently defined. In this case, the measurement period would become very long 3.2s(400ms*480/60) for 40ms gap repetition and 6.4s(400ms*480/30) for 80ms repetition. The cell identification time would be even longer (~8s), leading to very long delays and very poor mobility performance. 
Proposal 1. Intra-frequency measurement delays (cell identification and measurement period) for eMTC devices should be based on legacy inter-frequency requirements.

Considering that eMTC UEs have only a single receiver, some relaxation to the inter-frequency requirements might be needed.

Using measurement gaps for intra-frequency measurements will have an impact on the overall system performance since the communication with the serving cell will be interrupted very often. The impact is expected to be much higher than legacy UEs performing inter-frequency measurements since intra-frequency measurements are performed more often and eMTC UEs rely heavily on bundled transmissions. Interruptions of bundled transmission will affect the performance because channel estimation over multiple subframes cannot be performed anymore. Considering these observations it is very important to limit the use of gaps and hence, the amount of intra-frequency measurement that the UE performs. 
Observation 1. Intra-frequency measurement activity should be limited to obtain better system performance.
In order to limit the use of gaps, the UE should decrease the measurement activity to the minimum necessary. The UE could perform only serving cell measurements and report to the network when the serving cell level decreases below a certain threshold (trigger report based on event A2). Based on the report, the network can configure measurement gaps and the UE can start to search for neighbor cells. After the UE performed the measurements and reported the neighbor cells the gaps can be deconfigured and the UE can go back to measuring only the serving cell. Hence, if the network is using a proper configuration, the measurement activity can be limited. 
One possibility to shorten the measurement delays would be to use sparser gaps(e.g. 80ms periodicity) to only acquire the cell ID during the gaps and perform CRS based measurements outside the gaps in the 6RB portion of the channel used for eMTC. If the UE knows the cell ID, it should be able to perform CRS measurements anywhere inside the channel bandwidths. This approach would most likely add some complexity but could improve the mobility performance of the UE. 
To reduce the complexity, the number of cells that the UE has to measure/report could be reduced. Especially for the enhanced coverage mode where the number of neighbor cells that the UE will find is limited, reducing the number of cells that the UE has to measure will have no impact on the performance. 
Proposal 2. Reduce the number of cells that the UE has to measure/report to 4.
One possible use case for eMTC is VoLTE(e.g. for some wearable devices). In order to have good voice support, good mobility performance would be required. For this use case some enhanced requirements could be discussed. One possibility would be to have enhanced requirements(e.g. similar to legacy UEs) if the eMTC UE is scheduled in the center 6RBs of the channel. Measurement gaps would not be needed anymore and the UE could perform measurements just like a legacy UE. Another option would be to have tighter requirements(compared to what will be defined for eMTC) especially for this use case and the UE would have to meet them only during a voice call. These tighter requirements could be enabled by some mechanism similar to what was described above, the UE uses the gaps for cell identification and performs RSRP measurements outside the gaps. Further discussion/investigation is needed to find a good mechanism that would enable very good mobility performance. Most likely voice support is only  needed for Mode A so this discussion could be limited to the normal coverage UEs.
3. Conclusion
In this paper we analysed the measurement procedures for eMTC devices. Based on our analysis we made the following observations and proposals:
Proposal 1. Intra-frequency measurement delays(cell identification and measurement period) for eMTC devices should be based on legacy inter-frequency requirements.
Observation 1. Intra-frequency measurement activity should be limited to obtain better system performance.
Proposal 2. Reduce the number of cells that the UE has to measure/report to 4.
If eMTC devices should support VoLTE then further investigation of mobility enhancements is needed. Few possible solutions are provided in this paper.
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