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1 Introduction

The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] includes three main objectives: (1) specify a new Rel-13 low complexity UE category for MTC operation, (2) achieve LTE coverage improvement corresponding to 15 dB for FDD, and (3) minimize UE power consumption. For the new low complexity UE, reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique.

In this paper we discuss remaining aspects of connected mode mobility for Rel-13 low-complexity and enhanced coverage UEs (Rel-13 LC/EC UEs), focusing on intra-frequency and inter-frequency handover procedures. 
2 Discussion

2.1 Intra-frequency and inter-frequency handover to EC cell
Procedure description
Today the network sends information of target cell, targetPhysCellId, carrierFreq, in the RRCConnectionReconfiguration including mobilityControlInfo (handover) to the UE in connected mode. UE will start synchronising to the DL of the target cell and perform related operation in the target cell to finish the handover. If handover procedure does not success, the UE will initialize re-establishment procedure. UE can use “Initial Cell Selection” and/or “Stored Information Cell Selection” procedures for cell selection during re-establishment procedure. In “Initial Cell Selection” procedure UE try to found suitable cell from supported bands some order. In “Stored Information Cell Selection” procedure UE can use information from previously received measurement control information elements or from previously detected cells to prioritize candidate cells to find suitable cell faster. If suitable cell is not found then UE using “Stored Information Cell Selection” procedureshould continue cell selection by “Initial Cell Selection”. T311 defines maximum duration to re-establishment cell selection.
Problem
Too long re-establishment cell selection will cause unnecessary power consumption, which LC/EC UE should avoid. During the re-establishment procedure “Initial Cell Selection” can take long time and consume too much power for the LC/EC UE to find a suitable cell supporting LC/EC functionality. “Stored Information Cell Selection” procedure could be a good solution, but LC/EC UE may not know the best candidates for the “re-establishment cell selection” procedure and hence this will increase the probability of failed re-establishment procedure due to cell selection not being successful during the T311 period. Failed handover and re-establishment scenario may occur more frequently compared to handover from Normal Coverage Cell to Enhanced Coverage Cell, or between two Enhanced Coverage cells. In Enhanced Coverage Cell case, the message repetition helps, but in case of handover failure, the recovery process consumes power from the UE.  
Improvement proposal
To overcome the above mentioned problem, it would be useful to configure information of neighbour cells supporting LC/EC functionality in advance to the LC/EC UE when it is operating with EC cells/area. Network can send related information of the target cell(s) together with RRCConnectionReconfiguration including mobilityControlInfo (handover) message. With this information, whether the handover is successful or not, the LC/EC UE is able to do some optimization for power consumption. 

Proposal 1 Information of neighbour cells supporting LC/EC function is signalled together with RRCConnectionReconfiguration including mobilityControlInfo (handover) message to help UE re-establishment procedure cell selection.

Based on current specification, when handover is failed, “Stored Information Cell Selection”, if supported, will be applied first for the LC/EC UE to find a suitable cell. The stored information used is from previously received measurement control information elements or previously cells LC/EC UE has detected. Also MeasConfig included in failed RRCConnectionReconfiguration including mobilityControlInfo (handover) message can be used as part of previously received measurement control information.
Observation 1 
IE MeasConfig can be reused to send information of neighbour cells supporting LC/EC function.
Although we can reuse IE MeasConfig, it is not a good choice to use full set of MeasConfig for delivering necessary information for the LC/EC UE. Based on current agreement from RAN1 for MTC, the maximum of transport block size is 1000bits, while IE MeasConfig can contain many different signalling element, such as MeasObjectToRemoveList, MeasObjectToAddModList, ReportConfigToRemoveList, ReportConfigToAddModList, MeasIdToRemoveList, MeasIdToAddModList, MeasGapConfig and so on. 
If IEs MeasConfig and mobilityControlInfo are signalled to the LC/EC UE in a single message RRCConnectionReconfiguration at the same time, the size of message may be much bigger, and more repetitions are likely required by the LC/EC UE to receive the message successfully. 
We suggest limiting message size by including only parts of MeasConfig, by including MeasObjectEUTRA(s) to the MeasObjectToAddModList with minimal measurement information, where only new LC/EC neighbour cells are added. The rest of MeasConfig information can be signalled later after the successful handover.
Proposal 2 Network includes IE MeasConfig information of the LC/EC neighbour cells to the  MeasObjectToAddModList in handover command.

In each known LC/EC UE the information of neighbour cells can be used for the re-establishment cell selection, it is enough to configure the frequency and the physical cell identity. This will limit neighbour information use for other measurement purposes. We can define the LC/EC neighbour cell information as follows:

xxxObjectToList ::= 
SEQUENCE(SIZE(1..maxObjectxxx))OF xxxObjectEUTRA
xxxObjectEUTRA ::=
SEQUENCE {

carrierFreq

ARFCN-ValueEUTRA
OPTIONAL, -Cond interFreq

cellsToAddList
CellsToAddList,
}
CellsToAddList ::=

SEQUENCE (SIZE (1..maxCellxxx)) OF CellsToAdd
CellsToAdd ::=

SEQUENCE {

physCellId

PhysCellId
}
maxObjectxxx INTEGER ::= FSS
maxCellxxx INTEGER ::= FSS
Cond interFreq carrierfreq is mandatatory configure inter frequency cell(s) and optional to configure intra frequency cell(s).

Observation 2 
A new definition of xxxObjectToList can be used to send Information of neighbour cells supporting LC/EC function with handover message.
Based on two observations above, we give our further proposal:
Proposal 3 Create a new IE xxxObjectToList and send it instead of  IE MeasConfig to deliver information of neighbour cells supporting LC/EC functionality with handover message to EC cell. 
3 Conclusion

In this contribution we have discussed handover procedure for RRC_Connected LC/EC UE. Based on the discussion in section 2 we make the following proposals and observations:

Proposal 1
Information of neighbour cells supporting LC/EC function is signalled together with RRCConnectionReconfiguration including mobilityControlInfo (handover) message to help UE re-establishment procedure cell selection.

Observation 1 
IE MeasConfig can be reused to send information of neighbour cells supporting LC/EC function.
Observation 2 
A new definition of xxxObjectToList can be used to send Information of neighbour cells supporting LC/EC function with handover message.
Based on two observations above, we give our further proposal:

Proposal 2 
Network includes IE MeasConfig information of the LC/EC neighbour cells to the MeasObjectToAddModList in handover command.

Proposal 3
Create a new IE xxxObjectToList and send it instead of  IE MeasConfig to deliver information of neighbour cells supporting LC/EC functionality with handover message to EC cell. 
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