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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE WI” is approved [1].  This WI aims at introducing a new low-cost MTC UE and allow for enhanced coverage for these new MTC UEs and also other MTC UE.  The targeted coverage improvement is 15 dB for FDD where one of the objectives identified is to provide:

A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

This contribution discusses this objective.

2 Discussion
During the SI phase, repetition was identified as the main technique to improve coverage, and it is recognised that a significant number of repetitions are required [2] for Coverage Enhanced MTC UEs (CE-MTC) operating in coverage enhancement mode.  A single coverage level for the targeted 15 dB coverage enhancement is highly spectrally inefficient.  On the other hand, having numerous coverage extension modes with different degrees of repetition would introduce significant complexity to the network and MTC devices.  Hence an appropriate balance therefore needs to be found between spectral efficiency and complexity by deciding the number of levels of coverage enhancement that should be supported. We propose that 3 would be a reasonable number.
Proposal 1: Decide the appropriate number of levels of coverage enhancement to be supported. We propose 3 levels. 
Given the significant number of repetitions required for each physical channel, further optimisation that can reduce the amount of repetition is therefore beneficial.  PBCH is a broadcast channel that needs to be decoded by all UEs within the targeted coverage and therefore can operate with a fixed level of coverage.  However, it is possible that not all cells require the maximum 15 dB coverage and therefore it is beneficial that the PBCH can be operated with a lower level of coverage enhancement in certain cells or at certain times. This is discussed in more detail in [3].
Proposal 2: PBCH can support different levels of coverage depending on the cell or time.

In order to operate at different coverage levels, the CE-MTC UE and eNB need to determine the downlink and uplink radio conditions.  We consider this process for the case before and after random access.

Random access is required when the CE-MTC UE accesses the network when it is first switched on for a scheduled update (e.g. meter readings) and whilst in idle mode, it is being paged.  To support different coverage levels, we can have different repetition levels on the preamble.  The CE-MTC UE can select the repetition level based on the signal quality of the DL RS and if it fails to get a response from the eNB, it can attempt to use the next higher repetition level.  This is discussed in more detail in [4].
Proposal 3:  RACH access supports multiple coverage levels.
After RACH access the CE-MTC UE will perform RRC connection with the network.  The repetition levels used for the RRC messages can be based on the PBCH coverage level (in downlink and uplink) and/or Message 3 in the RACH access.  The CE-MTC UE can indicate its preferred downlink coverage level and the eNB can configure the uplink and downlink coverage levels taking into account the CE-MTC UE’s preference.  The coverage level for the messages after RRC connection can then be based on this configuration.
Proposal 4: Allow the eNB to configure the downlink and uplink coverage level for the CE-MTC UE during RRC connection stage.

3 Conclusion

In this contribution we discuss some high level mechanism to enable scalable spectral efficiency.  We propose the following:
Proposal 1: Decide the appropriate number of levels of coverage enhancement to be supported. We propose 3 levels. 
Proposal 2: PBCH can support different levels of coverage depending on the cell or time.
Proposal 3:  RACH access supports multiple coverage levels.

Proposal 4: Allow the eNB to configure the downlink and uplink coverage level for the CE-MTC UE during RRC connection stage.

4 Reference

[1]
RP-130848, “New WI: Low cost & enhanced coverage MTC UE for LTE,” Vodafone, RAN#60

[2]
TR36.888, “Study on provision of low-cost MTC UEs based on LTE (Release 12)”
[3]
R1-132972, “Coverage enhancement for PBCH”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN1#74

[4]
R1-132971, “Coverage enhancement for PRACH”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN1#74
