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1. Introduction
In RAN1, the low complexity and coverage enhanced mode features have been discussed and an LS [1] is sent to ask RAN2 to evaluate the mobility functionality as below:
1)
RAN1 respectfully asks RAN2 to provide their view on the potential impacts to the performance of existing mobility functionality and, if the impact is large, further consider whether any modifications to mobility functionality (especially during data transfer) would be necessary for (ordinary and low complexity) UEs in enhanced coverage mode.
2)
RAN1 respectfully asks RAN2 to analyse and feedback on solutions and impacts of the complexity reduction objectives in the work item description on the ability of a new low complexity category/type UE to operate with the same mobility functionality/requirements as other category UEs that are not operating in “enhanced coverage mode”.
In this contribution, we discuss the related mobility and give some observations and proposals.
2. Discussion
2.1. The mobility functionality for enhanced coverage mode
2.1.1 The mobility functionality in idle mode
1) Cell selection
UE needs to search a suitable cell to camp on. In current specification, a suitable cell needs to fulfill the following cell selection criterion S:
	Srxlev > 0  AND  Squal > 0


where: 
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation

Squal = Qqualmeas – (Qqualmin + Qqualminoffset)


The parameters Qrxlevmin , Qrxlevminoffset , Qqualmin Qqualminoffset  and Pcompensation are broadcast by network and UEs calculate Srxlev and Squal to decide a cell is suitable or not.
According to current specification, when powering on, a UE firstly searches a suitable cell according the legacy procedure. If no suitable cell is found, UE will move into “any cell selection” state, and then if an acceptable cell is found, UE will move into “camped on any cell” state.

For UEs capable of coverage enhanced mode, they can camp on a normal coverage cell to initiate a normal procedure or if no normal cell is found, they can camp on a coverage enhanced cell. For these UEs, it is needed to clarify that what is the suitable cell. In this scenario, a suitable cell can be interpreted as two ways: 1) a cell that is suitable for camping on to perform normal procedures. 2) A cell that is suitable for camping on to perform enhanced procedures. 
With interpretation 1), a new state (e.g. enhanced coverage state) needs to be defined to support the enhanced coverage cell. If the UE fails to find a suitable cell according to the legacy procedure, the UE will continue to find an enhanced coverage cell which is defined by a set S’ criterion parameters. If success to find an enhanced coverage cell, UE will move into “enhanced coverage” state; otherwise, UE will go into “any cell selection” state or “camped on any cell” state.
With interpretation 2), network needs to broadcast a new set S’ criterion parameters for these UEs capable of enhanced coverage mode to camp on a c enhanced overage cell. UE attempts to find a suitable cell based on the new S’ criterion and registration procedure. If success, UE will move into “Camped Normally state”, otherwise, UE moves into “any cell selection” state or “camped on any cell” state.
For interpretation 1), new S’ criterion parameters will be broadcast to UEs. Furthermore, perhaps a new state will be introduced, and the transition among different state needs to be further defined in specification. With this method, the UE capable of enhanced coverage mode is ensured to prioritize to search a legacy suitable cell than an enhanced coverage cell.
For interpretation 2), new S’ criterion parameters will be broadcast to UEs, and there is possibility that UE camp directly on an enhanced coverage cell while ignore other normal coverage cells. The UE needs to reselect to a normal coverage cell via cell reselection procedure if needed, which introduces the implementation complexity.
Alternatively, the new S’ criterion parameters can be taken placed by an offset corresponding to enhanced coverage level.
Proposal 1: RAN2 is asked to discuss the cell selection issue for UEs in enhanced coverage mode.

Proposal 2: It is proposed to introduce a new state for an RRC_IDLE UE in enhanced coverage mode.
2) Cell reselection
In order to perform cell reselection procedure, UEs in idle mode needs to read mobility related SIBs (e.g.SIB3, SIB4, SIB5). In order to ensure the reliable acquisition of system information, some enhancements may need to be introduced, e.g. network repeats to broadcast SIBs via multiple times or UEs try again and again. For a UE in enhanced coverage mode, it will cost UE and network too much effort to obtain this information no matter UE keeps attempting to read for a long time or network repeats these SIBs many times. 
Observation 1: It costs UE and network too much effort to obtain cell reselection related system information for coverage enhancement mode.

After receiving the mobility related SIB, UE will perform intra-frequency and inter-frequency measurements. When UE is in coverage enhanced mode, apparently, the receiving signal quality is lower than that in normal coverage, which results directly in the inaccurate RSRP and path-loss measurement results. The performance of measurements and cell reselection needs to be further evaluated.
Observation 2: The performance of measurements and cell reselection needs to be further evaluated 

Considering the UE is closely stationary, the only use case for cell reselection is that the environment coverage is changed due to some mobile barriers, and UE detects the worse serving cell and the better neighbor cell for a temporary time. Then there is possibility for the UE to perform cell reselection in coverage enhanced mode. Actually, this is only rare case in practice network. 

Observation 3: It is rare case that stationary UEs need to perform cell reselection.
Considering the above observations, it seems there is no need to support cell reselection for UEs in coverage enhanced mode.
Proposal 3: There is no need to support cell reselection for UEs in coverage enhanced mode.
2.1.2 The mobility functionality in connected mode
From the LS in RAN1, RAN2 is requested to consider the mobility functionality especially during data transfer. From RAN2 point of view, handover and RRC re-establishment procedures can be considered to guarantee the service continuity.
In connected mode, UE needs to perform measurements if handover is assumed to be supported. Same as that in idle mode, the measurement accuracy is largely challenged due to the poor CRS signal quality. Anyway, the measurement performance should be evaluated by RAN4 if handover is required for coverage enhanced mode UE.
Observation 4: The measurement performance in connected mode should be further evaluated.

Once the measurement report is triggered according to the current report condition, the report message will be repeated transmitting by multiple times (if we assume that the repetition technique is adopted) and the same rule applies for the subsequent handover command messages, to ensure the UEs in coverage enhancement mode can receive. Compared to the legacy procedure, the whole handover delay is increased by multiple times, and the late handover leads to high possibility of out-of service. 
Observation 5: The handover delay is increased by multiple times if it is assumed that the repetition technique is adopted, and this can lead to high possibility of out-of service.
Furthermore, it is emphasized that “Enhanced coverage mode” is only intended for scenarios when a UE is only required to operate “delay tolerant” MTC applications. For delay tolerant applications, UE can perform RRC re-establishment procedure to ensure the service continuity.
Proposal 4: There is no need to support handover procedure for UEs in coverage enhanced mode.
2.2. The mobility functionality for the new low complexity category UE
2.2.1 The mobility functionality in idle mode
The mobility related system information is necessary if UE wants to perform cell reselection in idle mode. From the analysis in [2], and the sizes of .SIB3, SIB4, SIB5 are approximate 100bits, 500bits, 4200bits separately. 
For those low complexity UEs with restricted TBS 1000bits, there is still ambiguity whether this restriction applies for system information requisition from RAN1 discussion. If applies, SIB3 and SIB4 can be received as normal, while a risk exists to receive SIB5 if many inter-frequency neighbor cells are configured. And if not, then there is no impact to receive SIB5.
For those low complexity UEs with 1.4 MHz bandwidth, SIB3 and SIB4 can be received within 6PRB if eNB schedules these information with applicable MCS (e.g. not lower than 5 deduced from physical specification). Similarly, a risk exists to receive SIB5 within 6PRB at case of configuring many inter-frequency neighbor cells considering the impact on legacy coverage if eNB needs to schedule SIB5 with very high MCS.
Alternatively, the low complexity UEs can perform intra-frequency cell reselection or even cell selection at the case of inter-frequency cell reselection failure due to lack of the system information.
Observation 6: Low complexity UEs can perform intra-frequency cell reselection as normal if eNB selects applicable MCS.
Observation 7: A risk exists to perform inter-frequency cell reselection due to lack of SIB5 at the case of configuring many inter-frequency neighbor cells. The low complexity UEs can perform intra-frequency cell reselection or even cell selection at the case of inter-frequency cell reselection failure due to lack of the system information.
Proposal 5: RAN2 confirms the mobility in idle mode for low complexity UEs can be supported by existing mechanisms. 
2.2.2 The mobility functionality in connected mode
For low complexity UEs, the only impact on handover is the reception of handover related messages. Normally, eNB won’t configure the measurement information to a UE until obtaining the UE’s capability. For the new low complexity category UE with TBS 1000bits, once eNB have the knowledge of the capability, eNB will schedule the UE with the TBS not beyond 1000bits. Therefore, the mobility related messages can be transmitted in multiple TTIs if their size is beyond 1000bits.

Similarly, for the new low complexity UE with 1.4MHz bandwidth, eNB will schedule the UE within 6PRB once getting the information of the capability. 

Observation 8: The mobility related messages can be transmitted normally if eNB get the UE’s low complexity MTC related capability.
Proposal 6: RAN2 confirms the mobility in connected mode for low complexity MTC UEs can be supported by existing mechanisms.
3. Conclusion
In this contribution, the mobility functionality for enhanced coverage mode and low complexity MTC UEs are discussed and the following observations and proposals are provided:
For UE in enhanced coverage mode,
Observation 1: It costs UE and network too much effort to obtain cell reselection related system information for coverage enhancement mode in idle mode.

Observation 2: The performance of measurements and cell reselection in idle mode needs to be further evaluated 

Observation 3: It is rare case that stationary UEs need to perform cell reselection.

Observation 4: The measurement performance in connected mode should be further evaluated.

Observation 5: The handover delay is increased by multiple times if it is assumed that the repetition technique is adopted, and this can lead to high possibility of out-of service.

Proposal 1: RAN2 is asked to discuss the cell selection issue for UEs in enhanced coverage mode.

Proposal 2: It is proposed to introduce a new state for idle UE in enhanced coverage mode.
Proposal 3: There is no need to support cell reselection for UEs in coverage enhanced mode.
Proposal 4: There is no need to support handover procedure for UEs in coverage enhanced mode.
For low complexity MTC UEs,

Observation 6: Low complexity UEs can perform intra-frequency cell reselection as normal if eNB selects applicable MCS.
Observation 7: A risk exists to perform inter-frequency cell reselection due to lack of SIB5 at the case of configuring many inter-frequency neighbor cells. The low complexity UEs can perform intra-frequency cell reselection or even cell selection at the case of inter-frequency cell reselection failure due to lack of the system information.
Observation 8: The mobility related messages can be transmitted normally if eNB get the UE’s low complexity MTC related capability.
Proposal 5: RAN2 confirms the mobility in idle mode for low complexity UEs can be supported by existing mechanisms.
Proposal 6: RAN2 confirms the mobility in connected mode for low complexity MTC UEs can be supported by existing mechanisms.
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