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1 Introduction

The "Further LTE Physical Layer Enhancements for MTC" WI targets to specify a new Rel-13 low complexity UE category/type for MTC operation, referred as Rel-13 LC UE, and to design a new mode of operation that allows the Rel-13 UEs operating delay tolerant MTC applications to improve LTE coverage, referred as enhanced coverage or EC mode. It is also stated that "reduced mobility support can be considered if this is needed to fulfil the objectives" [1]. This contribution discusses their mobility support distinguishing the scenarios for RRC connected and idle, as well as, Rel-13 LC UEs that are not using EC mode and any Rel-13 UE using EC mode (i.e. low complexity or not). On this regard, it is important to highlight that RAN2 is encouraged to postpone mobility discussions related to the RSRP and RSRQ measurement aspects, until RAN4 responds to RAN1's LS on the matter [2], as per below.
"RAN1 would like to invite RAN4 to provide feedback on the achievable RSRP and RSRQ measurement accuracies and measurement times for Rel-13 low complexity UEs (and other UEs operating with coverage enhancements) when the coverage enhancement target and the battery life target are taken into account."

2 Mobility support for Rel-13 LC UE and EC mode
This WI focuses on LTE scenario and there are no requirements defined to support inter-RAT mobility. In addition, one of the main driving factors is to reduce the complexity, and potentially cost, associated with these new UEs. 

Proposal 1. RAN2 to agree not to support inter-RAT mobility for Rel-13 LC UEs and Rel-13 UEs using EC.
The tendency is to always support E-UTRAN mobility however, these new requirements bring new impacts, limitations and challenges that also need to be carefully considered. A Rel-13 LC UE, not using EC mode, is mainly characterized by only operating on a reduced 1.4MHz BW within the whole system BW and being limited to TBS with a maximum of 1000bits. These aspects do not imply that E-UTRAN mobility (intra/inter- frequency) cannot be supported; however, they do place limitations on the SIB sizes that can be supported and for this reason it is important to limit the neighboring cell/frequencies conveyed and to differentiate or only indicate those that support the access of these Rel-13 LC UEs. 

Proposal 2. RAN2 to support intra/inter-frequency mobility for Rel-13 LC UEs not using EC mode.

Proposal 3. RAN2 to optimize the intra/inter- frequency neighboring cell information (e.g. reduce their amount of information and only indicate those that support Rel-13 LC UEs).
A Rel-13 UE using EC mode has the new challenge to work in up to 15dB worse coverage level than legacy UEs. RAN1/4 WGs are already investigating some of the implications [2]. Some companies prefer not to support overall mobility for these UEs; however, in some cases, as it is also explained in next sections, the UE using EC could benefit from moving to a better cell that does not require to use EC mode. Therefore RAN2 should study if E-UTRAN mobility could be relaxed and/or simplified in order to reduce UE complexity and power consumption. 
Proposal 4. RAN2 to study how to relax intra/inter- frequency mobility requirements for Rel-13 UE using EC mode in order to reduce UE complexity and power consumption.
3 Cell (re-)selection for Rel-13 LC UE and EC mode
3.1 Cell selection for Rel-13 LC UE and EC mode
The cell selection of Rel-13 LC UEs, not using EC mode, is supported similarly to Rel-12 cat. 0 UE so if the cell does not support Rel-13 LC UEs, the UE could treat the cell as barred. However, further discussion could be considered to enhance the barring mechanism targeting to minimize the unnecessary power consumption. On this regard as explained in [3], the network will convey its support indication of Rel-13 LC UEs and EC mode within legacy MIB message.
Proposal 5. RAN2 to agree that only if a cell supports Rel-13 LC UE, the UE is allowed to access the cell; otherwise the cell is considered barred. Enhancements on barring mechanism are FFS.

In RAN2#85 Rel-12 EC discussion, it was agreed that it is up to UE to decide whether to access a cell in normal or enhanced coverage mode, as per below. Therefore similar agreement is also applicable for Rel-13 EC mode, understanding that the cell needs to support the access of those Rel-13 UEs. 
"Cell selection is up to UE implementation also for extended coverage case, i.e., the UE determines whether it accesses the cell in legacy or coverage extension mode." 

Proposal 6. RAN2 to agree that if a cell supports Rel-13 EC mode, it is up to Rel-13 UE to decide whether to access a cell in normal or enhanced coverage mode for cell selection.
3.2 Cell re-selection for Rel-13 LC UE not using EC mode

The cell re-selection for Rel-13 LC UEs, not using EC mode, is supported similarly to Rel-12 cat. 0 UE. The reduced BW feature of Rel-13 LC UEs might limit or impact legacy cell re-selection mechanism, therefore RAN2 should further study those impacts in order to identify if optimizations are required and/or UE performance needs to be relaxed.
Proposal 7. RAN2 to support intra/inter- frequency cell re-selection for Rel-13 LC UE not using EC mode. The need of cell re-selection enhancements for these UEs is FFS.
3.3 Cell re-selection for Rel-13 UE using EC mode 
There are details of the cell re-selection procedure for Rel-13 UEs using EC mode that should wait to be discussed by RAN2 until RAN4 provides feedback on RAN1 LS as explained in section 1 [2]. However, RAN2 could still discuss the procedural part of the cell re-selection procedure using EC mode without having to discuss how the UE decides to start using it. Figure 1 describes in high level flow diagram how enhanced coverage mode could be used during the cell reselection procedure; the key points are also explained below for further details.
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Figure 1. High level flow diagram of cell re-selection including EC mode
Step 1. The Rel-13 UE camps on a cell under normal coverage mode i.e. as per legacy procedure.
Step 2. The Rel-13 UE checks if it camps in current cell or any other cell under normal coverage. If it finds it, it goes to step 1 (as per legacy). If it does not find any cell, it goes into the proposed step 3. 
Step 3. The Rel-13 UE capable of using EC mode decides if it wants to use EC mode to look for a cell to camp on. If it does not use EC mode or it does use EC mode but does not find any cell either, it goes to step 6 (as per legacy). If it does want to use EC mode and finds a cell to camp on, it goes to step 4.
Step 4. The Rel-13 UE finds a cell to camp on using enhanced coverage mode. 
Step 5. This step only considers the case if a Rel-13 UE, camping on a cell under EC mode, finds a better cell under normal coverage. It is FFS if cell re-selection procedure is supported by a Rel-13 UE under EC to other cell that also requires to be under EC. 
Proposal 8. RAN2 to discuss Figure 1 that describes the high level flow of cell re-selection procedure using EC mode and agree to the following aspects:

a. It is up to UE decision whether to use EC mode during cell (re-)selection
b. If a UE is camped on a cell in enhanced coverage mode and finds a better cell to camp on in normal coverage, the UE reselects to that cell.
c. It is FFS if cell re-selection procedure is supported by a Rel-13 UE under EC to any better cell that also requires to be under EC. 
4 Handover for Rel-13 LC UE and EC mode
The handover decision of RRC connected UEs is controlled by the network; therefore the network could choose between handover a UE to a neighbour cell or request the use of EC functionality or of a different EC level. As it is explained in previous sections, RAN1 has already asked for RAN4 feedback on the RSRP/RSRQ measurements aspects for Rel-13 LC UEs using EC mode. Therefore, this section only focuses on the connected mobility scenarios to support and their potential impacts to consider.
4.1 Handover for Rel-13 LC UEs not using EC mode
As previously explained, Rel-13 LC UEs, not using EC mode, are characterized by working in reduced 1.4 MHz bandwidth (BW) and by being restricted to receive a maximum TBS of 1000bits. Similarly to Rel-12 category 0 UE, these Rel-13 LC UEs (w/o using EC mode) could support handover mechanisms without adding a lot of complexity as the network is the responsible to trigger the handover to a neighbour cell and the network should only trigger the handover to a neighbour cell that supports the access of that kind of UEs. Further study might be required to discuss if new information is required within the handover mechanism due to Rel-13 LC UEs conditions.
During related Rel-12 category 0 UE discussion, RAN2 agreed that the eNB support of cat.0 UE is a setting not expected to be changed dynamically. In this regard, RAN3 suggested [4] that an OAM solution would be sufficient for an eNB to get the Rel-13 LC UE support information of its neighbour cells, as per below.
"RAN3 assumes that the setting of Category0 allowed” or “Category0 not allowed” can be changed on the very rarely basis and therefore the OAM solution would be sufficient. RAN3 would like to ask RAN2 to provide feedback on the RAN3 assumption, if needed"

Proposal 9. RAN2 to support handover mechanism for Rel-13 LC UE, not using EC mode. The need to update the handover mechanism to support Rel-13 LC UEs (i.e. reduced BW limitation) is FFS.
Proposal 10. RAN2 to agree that network support for Rel-13 LC UEs is not expected to change dynamically. If so, RAN2 to send an LS to SA5 and CC RAN3 asking them to take RAN2 agreement into consideration and if possible define a solution for an eNB to get the Rel-13 LC UE support information of its neighbour cells (similarly to category 0 UE support). 
4.2 Handover for Rel-13 UE using EC mode

A Rel-13 UE using EC mode is characterised, amongst others, for having to transmit each message multiple times and to receive the multiple repetitions of each message in order to guarantee its communication while being in areas with very poor signal condition. The number of required EC repetitions could vary drastically depending on enhanced coverage level that it requires e.g. from EC level of 1dB to 15dB, the number of repetitions could potentially increase more than 100times (numbers are still under discussion in RAN1). A connected UE using EC mode would potentially consume more power than a UE not using EC mode. Therefore it should always be beneficial to handover a Rel-13 UE using EC mode to a cell in which it does not need to use EC mode. In addition, it is important to highlight that the accuracy of the measurements of a UE using EC more is being discussed by RAN4; however for this case, the neighbouring cell measurements would be as in legacy systems (as EC mode is not required). Therefore, for this scenario, the Rel-13 UE using EC mode would potentially only need to receive RRC Connection Reconfiguration message using the EC repetitions as RRC Connection Reconfiguration Complete could be sent to the target eNB (TeNB) without any EC repetitions. Further discussion might be required to evaluate the potential impact due to those EC repetitions e.g. in RRC Connection Reconfiguration message or in the additional delays that might lead to handover failures e.g. due to mobility scenarios. I
Proposal 11. RAN2 to agree as an initial baseline that Rel-13 LC UE using EC mode supports handover mechanism to a cell with better coverage and in which the UE does not need to use EC mode. FFS EC impacts during part of the handover (i.e. in RRC Connection Reconfiguration).
On the other hand, the handover of Rel-13 UEs using EC mode to a neighbour cell in which the UE also requires to use EC mode (understanding that the new cell might require to use fewer EC repetitions) might be a more controversial scenario. The handover mechanism is used to enhance UE performance when it is in cell edge moving to a new cell; however, EC mode is a technique targeting UEs that are in cell edge scenarios. In addition, if the handover is considered as a possibility for this scenario, there are some drawbacks to be considered; for example, assuming that the UE requires a high number of EC repetitions, the amount of radio signaling increases, as well as the UE power consumption as those new repetitions have to be received and transmitted most likely using the highest UL transmit power, in addition, the delays between the messages may increase drastically. It is important to highlight that there are concerns on the accuracy of RSRP/RSRQ measurement when EC mode is required [2]. Additionally, the medium/high speed mobile UEs speed will increase the probability not to be able to complete the handover before the UE enters in a new cell due to the additional delays introduced by the EC repetitions.
Observation 1. The trade-off between the radio signaling, UE power consumption, UE performance, measurement accuracy and the probability to successfully complete handover needs to be evaluated before supporting the handover of Rel-13 UEs using EC mode to other cells that also require to use EC mode.
Proposal 12. RAN2 to consider not to prioritize the work to support handover mechanism of Rel-13 UEs using EC mode to other cells which need to use EC mode.
5 Conclusion
In this contribution, we discussed mobility support aspects for Rel-13 low complexity UEs and enhanced coverage mode. The proposals are listed below:

Proposal 1. RAN2 to agree not to support inter-RAT mobility for Rel-13 LC UEs and Rel-13 UEs using EC.

Proposal 2. RAN2 to support intra/inter-frequency mobility for Rel-13 LC UEs not using EC mode.

Proposal 3. RAN2 to optimize the intra/inter- frequency neighboring cell information (e.g. reduce their amount of information and only indicate those that support Rel-13 LC UEs).
Proposal 4. RAN2 to study how to relax intra/inter- frequency mobility requirements for Rel-13 UE using EC mode in order to reduce UE complexity and power consumption.

Proposal 5. RAN2 to agree that only if a cell supports Rel-13 LC UE, the UE is allowed to access the cell; otherwise the cell is considered barred. Enhancements on barring mechanism are FFS.

Proposal 6. RAN2 to agree that if a cell supports Rel-13 EC mode, it is up to Rel-13 UE to decide whether to access a cell in normal or enhanced coverage mode for cell selection.
Proposal 7. RAN2 to support intra/inter- frequency cell re-selection for Rel-13 LC UE not using EC mode. The need of cell re-selection enhancements for these UEs is FFS.
Proposal 8. RAN2 to discuss Figure 1 that describes the high level flow of cell re-selection procedure using EC mode and agree to the following aspects:

a. It is up to UE decision whether to use EC mode during cell (re-)selection

b. If a UE is camped on a cell in enhanced coverage mode and finds a better cell to camp on in normal coverage, the UE reselects to that cell.
c. It is FFS if cell re-selection procedure is supported by a Rel-13 UE under EC to any better cell that also requires to be under EC.
Proposal 9. RAN2 to support handover mechanism for Rel-13 LC UE, not using EC mode. The need to update the handover mechanism to support Rel-13 LC UEs (i.e. reduced BW limitation) is FFS.
Proposal 10. RAN2 to agree that network support for Rel-13 LC UEs is not expected to change dynamically. If so, RAN2 to send an LS to SA5 and CC RAN3 asking them to take RAN2 agreement into consideration and if possible define a solution for an eNB to get the Rel-13 LC UE support information of its neighbour cells (similarly to category 0 UE support). 

Proposal 11. RAN2 to agree as an initial baseline that Rel-13 LC UE using EC mode supports handover mechanism to a cell with better coverage and in which the UE does not need to use EC mode. FFS EC impacts during part of the handover (i.e. in RRC Connection Reconfiguration).
Proposal 12. RAN2 to consider not to prioritize the work to support handover mechanism of Rel-13 UEs using EC mode to other cells which need to use EC mode.
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