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1
Introduction
3GPP Rel-13 includes a work item entitled “Further LTE Physical Layer Enhancements for MTC” [1] with the objective is to specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the some additional capabilities. Another key objective targets a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the new defined UE category/type and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

RAN2 #90 [2] achieved agreements on idle mode mobility as below:

·  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. 
· 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. 

The details of connected mode mobility have not been discussed, thus in this contribution, we analyze the potential implication regarding the connected mode mobility for Rel13 new type of UEs.
2
Discussion
2.1
Measurement procedure for UE in EC mode
It is highlighted in the WI that the amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Therefore relevant UE measurements and reporting to support this functionality shall be defined, i.e. the measurement procedure enhancement is necessary. 
The measurement procedure is an essential prerequisite of the successful connected mobility functionality in LTE. One concern is that the measurement performance may be affected by the poor signal quality, the RRM measurement procedures are mainly defined in RAN4 [3] and RAN1 specifications [4], and the relative measurement accuracy evaluation is ongoing. From RAN2 point of view, study should mainly focus on how the UE is expected to report results of the measurements and how the measurement configuration is done.
Current TS 36.331 specifies some measurement events for  measurement reporting purpose. When one or more cells satisfy the condition triggering the event, the UE will report the measurement results in the MeasurementReport message. The condition is configured via the measurement configuration with several parameters such as one or more thresholds, a hysteresis, and an offset. As the event is generally based on measurement becoming better/worse than threshold considering the corresponding hysteresis or/and the offset, for the UE in EC mode, because of the practical low signal strength and quality conditions, the new measurement criteria for EC might be introduced to reflected the poor signal quality which may include:

· Coverage mode specific offset/ hysteresis 

a.
cell specific offset of the neighbour cell;

b.
frequency specific offset of the frequency of the neighbour cell;

· Coverage mode specific threshold. 

Then when the UE detects that a better EC capable cell satisfies the EC criteria, it could trigger measurement report including the measurement results required for making HO decision. Naturally periodic measurement reporting could be configured for the EC UE, but this would cause high amount of signaling. 
Observation 1: Different measurement report event triggering criteria for EC operation than legacy NC operation seems useful.
RAN2 #90 agreed that the UE shall reselect to inter-frequency cells in which the UE is able to operate in normal coverage over cells in which it has to use EC based on radio measurements. It is natural the same principle shall be applied for connected mobility. I.e. UE in enhanced coverage will trigger measurement report when suitable normal coverage cell is found from the configured frequency(s). As a consequence, the measurement report configuration for both normal coverage and extended coverage is necessary for the UE operating in the enhanced coverage area. And the source eNB should be able to prioritize the cells in which the UE is able to operate in normal coverage over cells in which it has to use enhanced coverage or to select the cells that UE works in low CE level when making the HO decision. This would be applicable only when the UE is in enhanced coverage i.e. not in normal coverage where the UE would follow legacy behaviour for measurement reporting.

Observation 2: The coverage mode specific measurement reporting e.g. separate reporting for normal coverage and for extended coverage is useful
Proposal 1: Measurement reporting for EC condition is introduced

2.2
The coverage mode update during handover procedure
For UEs in enhanced coverage,  time spent on measurement and reporting will increase substantially compared to normal coverage due to required repetitions. Consequently, it is possible that the coverage situation changes between the time the decision to make a handover is taken on the network side and the time the handover is executed by the UE.

As already previously agreed that separate PRACH resource is assigned for EC UEs, different preamble pools may be configured for EC UEs and NC UEs separately. In HO procedure, the Handover Command (RRCConnectionReconfiguration including the mobilityControlInfo [5]) may contain the specific PRACH resources (e.g. a dedicated preamble and/or the frequency/time information) to be used in EC mode. The PRACH resources are allocated for the CE level that the source/target eNB identified/was informed. The allocation is performed by the target eNB, but signalled to UE by the source eNB. 
The CE level may change after being indicated from source eNB to target eNB during HO preparation, UE could know the update of CE level based on measurement. However the UE has not established the connection with target eNB at this time, the target eNB could not know the latest coverage situation of the UE. If UE performs the RA towards the target eNB with the previously allocated PRACH resources (e.g. dedicated preamble, etc), the target eNB may get wrong coverage information from the unmatched PRACH resource. This may cause extra signaling overhead due to the increased number of transmission repetitions (coverage situation is better than before)  or the unsuccessful HO procedure in the worst case (coverage situation is worse than before). Therefore, in case of the change of coverage status, it is desirable that the UE could select the correct PRACH resource associated with its current CE level in the target cell to ensure successful RA and subsequent procedures with target eNB.
Based on the discussion above, if the Handover Command includes dedicate PRACH resources (e.g. the dedicated preamble, etc) to be used in EC mode, and if the UE knows that the required coverage level has changed since last indicated to the target eNB from source eNB during HO preparation, the UE does not apply the allocated PRACH resources (e.g. the contention free RA with the dedicate preamble) but initiate a contention based random access procedure by applying the PRACH resource associated with its current CE level(e.g. randomly selecting a preamble that matches its current coverage situation from the EC UE specific preamble pool). As a result the target eNB would know the accurate coverage requirement from the “right” PRACH resources and manages the resources for the UE accordingly. 

Proposal 2: UE may ignore the dedicated PRACH resources (e.g. preamble, frequency, time, etc) allocated by target eNB but initiate the contention based RA procedure from the PRACH resources mapped with its current CE level in case CE level changes during HO.

3
Conclusion
This contribution analyzed some issues to support the connected mode mobility for the UEs working in EC mode, the following observation were made. 

Observation 1: Different measurement report event triggering criteria for EC operation than legacy NC operation seems useful.
Observation 2: The coverage mode specific measurement reporting e.g. separate reporting for normal coverage and for extended coverage is useful

Based on the analysis and observation above, we propose the following:
Proposal 1: Measurement reporting for EC condition is introduced

Proposal 2: UE may ignore the dedicated PRACH resources (e.g. preamble, frequency, time, etc) allocated by target eNB but initiate the contention based RA procedure from the PRACH resources mapped with its current CE level in case CE level changes during HO.
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