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1. Introduction

In Rel-13 low complexity MTC, MME has to know if UE is a Rel-13 low complexity MTC UE and it is now in Coverage Extension (CE) mode so that MME can inform eNB of whether to need the repetitions for paging message.
This paper will discuss how to provide UE capability for CE support toward NW, especially in the paging procedire aspect.
2. Discussion
MME might need the following kinds of information, e.g. such that MME can inform eNB of whether to need the repetitions for paging message.

a)  UE capability for CE support

b)  whether the MTC UE is now in either normal mode or CE mode

c)  paging repetition level if the MTC UE is in CE mode
According to RAN1 agreement, Rel-13 low complexity MTC UE will send its preambles over the PRACH radio resources separated from legacy PRACH radio resource if it needs CE mode. Therefore, the information a) can be implicitly provided to eNB according to whether to try its initial random access by using the separate PRACH radio resources assigned for Rel-13 low complexity MTC only. By receiving the preamble via the separate PRACH radio resources, eNB can easily know the UE capability for CE support, and forward it to MME. 

On the other hand, it can also follow the current method to deliver the UE capability to MME. Rel-13 low complexity MTC UE can provide its capability with UECapabilityInformation message similarly to Rel-12 low cost MTC. The capability information included in the message will be also forwarded by eNB toward MME.

Proposal 1: Rel-13 low complexity MTC UE capable of CE provides its capability for Coverage Extension with using the separate PRACH radio resources and/or UECapabilityInformation message, which will be forwarded to MME.
The information b) has to be reported to MME because MME needs to inform eNB of whether to need the repeated paging messages now for the CE capable UE. The information will be changed depending on UE mobility. For example, a CE capable UE identifies to be able to accesse a cell with normal mode due to a good channel condition. The UE informs MME of its current status. If a paging occurs, MME will send the paging to eNB while indicating that the UE is now in normal mode. However, as the UE moves to the edge of the cell, the UE has to inform MME to its updated status so that the UE can successfully receive its paging message. Then MME will provide its paging with CE mode. Accordingly, to avoid either unnecessary repetitions or paging failure, Rel-13 low complexity MTC UE needs to report the latest information to MME. Probably it is a possible solution to re-use the current TAU for the update. The detail is FFS. 
Proposal 2: Rel-13 low complexity MTC UE informs MME of whether the MTC UE is now in either normal mode or CE mode, and TAU is re-used for update of the information.
Regarding the information c), a repetition level determined based on e.g. the channel condition is mapped with the number of repetitions to be transmitted. If MME can provide the level information to eNB together with the paging, the eNB will send paging messages as repeatedly as the level indicates. UE would have to report the repetition level information to NW whenever it is changed, similarly in the information b). A problem is that it would result in more frequent reports, especially for fast moving MTC devices as shown in Fig 1. 
Since the Rel-13 low complexity MTC UE in the CE mode has to transmit repeatedly the reports as well, the frequent reports would means heavy signalling overhead in the uplink. Accordingly, a trade-off between signalling overhead and the information accuracy should be considered. Several options can be considered as follows:

a) Option 1: apply paging messages always transmitted at maximum repetitions for Rel-13 low complexity MTC UE supporting CE mode even though it moves to the area with good channel condition. With this option, Rel-13 low complexity MTC UE need not report any update at all.
b) Option 2: Rel-13 low complexity MTC UE reports its updated mode whenever the mode, i.e. normal or CE, applied to the UE is changed. But, it will not report any change for the repetition level. With this option, MME can indicate only if the UE is in either normal or CE mode, to eNB. The eNB can transmit paging messages only at maximum repetitions if the UE is in CE mode because the eNB doesn’t know the suitable number of repetitions for the UE. A benefit is to minimize the frequency of the report according to UE mobility.
c) Option 3: Rel-13 low complexity MTC UE reports its updated mode and/or repetition level whenever the mode and/or repetition level applied to the UE is changed. We can optimize paging transmissions in the downlink because the network can know the suitable repetition level for the UE, but this option would result in the heaviest signalling overhead in uplink due to the frequent reports.
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Fig 1
We currently prefer to have option 2 because we would like to reduce uplink signalling overhead due to the update. In other words, the multiple repetition levels are excluded in the paging procedure for simplicity.
Proposal 3: Rel-13 low complexity MTC UE does not report any change for the repetition level of paging message. The eNB then transmits paging messages only at maximum repetitions if the MTC UE is in CE mode.
3. Conclusion
It is proposed that
Proposal 1: Rel-13 low complexity MTC UE provides its capability for Coverage Extension with using the separate PRACH radio resources and UECapabilityInformation message, which will be forwarded to MME.
Proposal 2: Rel-13 low complexity MTC UE informs MME of whether the MTC UE is now in either normal mode or CE mode, and TAU is re-used for update of the information.
Proposal 3: Rel-13 low complexity MTC UE does not report any change for the repetition level of paging message. The eNB then transmits paging messages only at maximum repetitions if the MTC UE is in CE mode.
4. References

[1] R1-145495
LS on PBCH and RACH for LTE Rel-13 MTC.
1

