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1. Introduction

One of the important aspects for Rel 13 eMTC is related to the support of mobility. During RAN2 #90, idle mode mobility procedures were discussed, with the following agreements made on the cell selection/reselection procedures:
	Agreements in RAN2 #91 on idle mode mobility
1
From Mobility point of view, we need to discriminate between 2 cases, a) UEs in normal coverage, and b) UEs in enhanced coverage. Additional functionality for Normal UEs in EC (beyond support of LC UEs in EC) shall have low priority. 

2
Cell selection functionality exists also in the enhanced coverage cases following legacy cell selection as baseline. 

2a
If a cell supports Rel-13 LC UE, a Rel-13 LC UE is allowed to select the cell; otherwise the cell is considered as a barred cell. 

2b
If a cell supports Rel-13 EC functionality, the Rel-13 UE supporting EC mode is allowed to select the cell in normal or enhanced coverage.

3
The UE uses normal mode if the cell is suitable according to legacy/normal S criteria, and otherwise uses EC mode if the cell is suitable according to EC S criteria. This assumption is dependent on RAN4 outcome on measurements in EC. 

4
RAN2 assumes that Intra-frequency Cell reselection and same priority cell reselection is supported by Rel-13 EC UEs. RAN4 involvement is needed to determine the feasibility, in particular for deep EC. 

5
The UE shall reselect to inter-frequency cells in which the UE is able to operate in NC over cells in which it has to use EC based on radio measurements. 

6
Inter-RAT cell reselection from LTE to other RATs is supported by existing means (if the UE supports other RATs).




There has been so far limited discussion on connected mode mobility for eMTC in RAN2. In this contribution we present our views on this issue.
2. Discussion

2.1. Scenarios 
Regarding connected mode mobility, the first issue is to determine what types of scenarios should be distinguished. As in the idle mode discussions, it seems natural to distinguish two main cases:
1. Low cost devices with limited hardware capability, e.g, only supporting narrowband (LC UEs)

2. Low cost devices requiring extended coverage support, e.g, of up to 15dB coverage enhancement (EC UEs) 
The support for normal (not LC) UEs in EC can be treated with lower priority, as in the idle mode case.

Proposal 1:  For connected mode mobility, distinguish between two cases: (a) LC UEs in normal coverage and (b) LC UEs in extended coverage (EC UEs).
The first scenario corresponds to a potentially wide class of devices, including wearables which are highly mobile. It is important therefore to support full mobility for LC UEs in normal coverage.
Proposal 2:  Support full connected mode mobility for LC UEs in normal coverage.

For EC UEs, the need for full mobility support is highly dependent on the use case (including its traffic type) and the deployment. For meter devices deployed in deep EC, support for connected mode mobility is likely not required. Such devices typically have very infrequent data exchange (e.g a few times a day at most) and are almost stationary. Furthermore, devices in deep EC supporting connected mode mobility would need to perform measurement averaging over a very long period of time in order to detect and report neighbor cells. Considering that such devices would typically be in DRX, which by itself impacts measurement reporting quality, it does not seem practical from a power consumption perspective to support full mobility.  

Proposal 3:  Do not support connected mode mobility for EC UEs in large coverage. For such devices, mobility is based on cell selection/reselection procedures.
On the other hand, for devices requiring small CE (e.g up to ~5dB to compensate for single antenna and narrowband limitations) full mobility support would be useful to bring the EC UE on par with a LC UE from coverage perspective. 

Proposal 4:  Connected mode mobility for EC UEs is supported for small CE levels.

2.2. RRM support   
An important limitation of eMTC UEs is the narrowband operation. These devices may be tuned to a narrowband region that is different than the center 6PRBs. As a result while in this region they may not be able to perform RRM measurements of intra frequency cells. 

To address this problem, we propose that the UE uses the current measurement gap definition also for center frequency tuning for serving cell and intra-frequency measurements.   In this way, there is no need to configure additional gaps beyond the ones already needed for inter-frequency measurements.
Proposal 5:  The same measurement gaps can be used for serving cell, intra-frequency and inter-frequency measurements.

In addition, measurement requirements likely need to be relaxed for eMTC UEs. In the current specification, the UE is expected to perform measurements over a period of 200ms. In order to ensure sufficient measurement accuracy, significantly larger averaging times are likely to be needed.   
Proposal 6:  To meet the measurement requirement, extend the measurement window duration for eMTC UEs. The amount of required extension is to be determined by RAN4
2.3. RLM and RLF   
In LTE a UE performs radio link monitoring in order to detect physical layer problems on the PCell or PSCell. For RLM purposes, the UE also assumes a reference control channel format. For eMTC, RAN1 has agreed that the UE is configured one or more repetition levels to monitor the control channel (denoted as M-PDCCH):

	Agreements in RAN1
· For an M-PDCCH candidate with {L, R}
· L: ECCE aggregation level, R: number of repetitions
· The L is the same within R subframes
· The ECCE indices are same within R subframes
· For an M-PDCCH UE-specific search space
· Multiple M-PDCCH candidates with the same {L, R} can be configured. 
M-PDCCH candidates with different R can be configured for enhanced coverage



The M-PDCCH configuration has a direct impact on the RLM procedure of the UE, since the required SNR for declaring a radio problem would be dependent on the coverage level configured at the UE.    
Proposal 7:  The RLM procedure is CE level dependent and takes into account the current coverage provided to the UE.

2.4. Reestablishment   
As described earlier, eMTC devices typically have worse link budget than normal UEs and also perform less frequent and less accurate measurements. Hence, under similar mobility conditions, eMTC devices could undergo radio link failure with higher probability than normal UEs.

Similarly, for re-establishment, it is quite possible that the target cell has not been prepared beforehand by the source cell. In order not to delay the re-establishment and improve mobility robustness, it is beneficial that UE context fetch is therefore supported for eMTC. In case of EC UEs, the context fetch should also involve exchange of UE coverage level information available at the source eNB in order to aid the target cell in determining the coverage level for the UE.
Proposal 8:  Consider UE context fetch as means to improve mobility robustness for eMTC. For EC UEs, the context fetch may also involve exchange of coverage information between cells.
3. Conclusion

In this contribution, we provided our views on the connected mode mobility procedures for eMTC UEs. We made the following proposals:

Proposal 1:  For connected mode mobility, distinguish between two cases: (a) LC UEs in normal coverage and (b) LC UEs in extended coverage (EC UEs).
Proposal 2:  Support full connected mode mobility for LC UEs in normal coverage.

Proposal 3:  Do not support connected mode mobility for EC UEs in large coverage. For such devices, mobility is based on cell selection/reselection procedures.

Proposal 4:  Connected mode mobility for EC UEs is supported for small CE levels.

Proposal 5:  The same measurement gaps can be used for serving cell, intra-frequency and inter-frequency measurements.

Proposal 6:  To meet the measurement requirement, extend the measurement window duration for eMTC UEs. The amount of required extension is to be determined by RAN4.

Proposal 7:  The RLM procedure is CE level dependent and takes into account the current coverage provided to the UE.

Proposal 8:  Consider UE context fetch as means to improve mobility robustness for eMTC. For EC UEs, the context fetch also involves exchange of coverage information between cells.
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