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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  This WI aims at introducing a new low-cost MTC UE and allowing for enhanced coverage for these new MTC UEs and also other MTC UEs.  In this contribution we discuss operation of these MTC UEs under coverage enhancement.
2 Discussion
In the SI [2] it is concluded that the spectral efficiency would be significantly impacted if the coverage of all MTC UEs has to be increased by 20 dB.  Although the WI has a reduced target of 15 dB, the spectral efficiency would still be significantly degraded if this coverage enhancement were to be applied continually.  It should be noted that in order to support MTC UEs in the coverage extension region, the eNB needs to change its current method of transmitting the uplink and downlink physical channels required by these UEs, i.e. numerous repetition is required on these physical channels.  
Certain common channels need to be transmitted with numerous repetitions in order for MTC UEs in poor coverage to be able to access a cell. These include the PBCH and at least some of the SIBs. When the eNB is transmitting these with numerous repetitions, we say the eNB is operating in coverage enhancement mode.
Since operating in coverage enhancement mode is spectrally inefficient, it is expected that the coverage enhancement mode is only operational infrequently during non-busy hours (e.g. 1-3 am, 3 times a week).  The MTC UEs requiring coverage enhancement can only operate if the eNB is in coverage enhancement mode, since they will otherwise be unable to acquire the system information.  The following are possible ways in which the MTC UEs in poor coverage can ascertain the period where the eNB operates in coverage enhancement mode:
1. Continuously (or periodically) try to detect for a coverage enhanced PBCH from the eNB.

2. The coverage enhancement period is hardwired into the MTC UEs that are capable of operating in coverage enhancement mode
3. The coverage enhancement period is configurable by the network

Option 1 would allow full flexibility for the eNB to switch between coverage enhancement mode and normal mode whenever necessary.  If the coverage enhancement mode is infrequent, then for the majority of the time the MTC UE power is wasted on fruitless detection, which could be a problem for battery powered MTC UEs.
Option 2 gives very limited flexibility for the eNB to operate in coverage enhancement mode.  It can decide not to operate in coverage enhancement mode at the scheduled period but it cannot switch to coverage enhancement mode at any other time.  If the eNB decides not to operate in coverage enhancement mode during the scheduled period, the MTC UEs in poor coverage would also waste power trying to detect for PBCH.  Any changes to the schedule would require manual configuration for each MTC UE in poor coverage, which is clearly impractical.
Option 3 allows flexibility for the eNB to switch between coverage enhancement mode and normal mode. An MTC UE in poor coverage would initially have to follow option 1 to detect the start of coverage enhancement mode. Once in coverage enhancement mode, the UE could receive the information on the period of coverage enhancement mode, e.g. via SIB or dedicated RRC signalling. The UE could then switch off during the period without coverage enhancement. If the eNB modified the coverage enhancement period during the non-enhanced period, such that a UE that expected to find the coverage enhancement mode operating at a particular time actually did not, then the UE would simply revert to option 1 until the next start of coverage enhancement mode. 

Option 3 overall seems to provide the most flexibility as well as opportunities for power saving.

Proposal 1: The time in which the eNB operates in coverage enhancement mode can be signalled in the SI or by RRC during coverage enhancement mode. At other times, MTC UEs in poor coverage discover the timing of coverage enhancement mode by repeated searching.

3 Conclusion

In this contribution we discuss MTC UEs operating in coverage enhancement mode.  We propose:
Proposal 1: The time in which the eNB operates in coverage enhancement mode can be signalled in the SI or by RRC during coverage enhancement mode. At other times, MTC UEs in poor coverage discover the timing of coverage enhancement mode by repeated searching.
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