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1 Introduction

The low cost MTC SI was updated in RAN#57 [1] to include coverage improvements for MTC devices.  In the updated SI, one of the objectives on service coverage is extended as follows:

Ensure that service coverage is not worse than GSM/GPRS, at least comparable and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today (assuming deployment in the same spectrum bands). A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs, using very low rate traffic with relaxed latency (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, i.e. not voice). In identifying solutions, any other related work agreed for Release 12 should be taken into account.

It was also noted that the study shall evaluate:

Impact to the system spectral efficiency from techniques that allow coverage improvement techniques up to the target improvement figure - considering that a relatively small proportion of traffic requires the coverage improvement, and the traffic can be scheduled at quiet times
In this contribution we discuss some potential solutions that may be considered further with respect to the possibility of meeting the required objective.
2 Overview of potential solutions 

In [2], it is showed that in order to implement low cost MTC device and also achieve the targeted coverage improvement of 20 dB, the solutions should target for a gain of 29 dB.

The coverage improvements in this SI can be considered under two categories namely:

· Coverage improvement for control channels

· Coverage improvement for data channels

2.1 Control Channels

In order to detect a cell the UE needs to be able to receive the control signals and channels.  Firstly, the UE would need to be able to synchronise with the eNB, i.e. receive the PSS/SSS.  Since PSS & SSS do not change and are repeated, the UE can accumulate the energies for these channels over a long period to synchronise with the eNB.  

The PBCH has a periodicity of 40 ms where in each period, it is repeated 4 times.  This is already assumed in the normal LTE coverage.  In order to achieve the 800 times gain, the PBCH would needs to have a periodicity of 32 seconds.  This could be achieved by not changing the MIB message at least within 32 seconds, which may be feasible since the MIB is not expected to vary often. 
Reception of SIB1 requires reception of the CSS in the PDCCH.  This aspect would need further study.
2.2 Data Channels
The following are some general potential methods to improve coverage for data transmissions in uplink or downlink. Methods to improve coverage can exploit the fact that the required data rate is very low: with 100 bytes/message in UL and 20 bytes/message in DL, allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, and assuming not more than 1 message per hour in UL and 1 message per 10s in DL, corresponds to information data rates of 0.22bps in UL and 16bps in DL. 
2.2.1 Low Coding Rate

Since the expected message size is small (100 bytes in UL or 20 bytes in the DL), a small transport block with very low coding rate could be applied.  Currently, a TBS of 328 bits is used for a 12.2kbps VoIP service. Reducing the number of information bits per subframe to 1 would lower the coding rate by a factor of 328, which would give a 25dB improvement.  To achieve larger coverage enhancement, it would be necessary to combine low coding rate with other methods listed below.
2.2.2 Extended TTI bundling

TTI bundling is used to improve the VoIP coverage in the uplink where a TB is repeated over (up to) 4 consecutive subframes.  This could in theory be extended to more than 4 subframes, e.g. to hundreds of subframes.  This would of course mean the PRB pairs where the extended TTI bundling is used cannot be used for other UEs, but according to the SID, “quiet times” can be assumed during MTC data transmission.  
Extended TTI bundling could also be applied in the downlink.  
2.2.3 Extended HARQ Retransmission

Similar to TTI bundling, the HARQ retransmissions could be extended, thereby allowing the TB to be repeated or retransmitted many times in the time domain to achieve the required gain.  Currently the maximum number of uplink HARQ retransmissions is 28.  This could be further extended to offer higher gains if required after factoring in other potential improvements.  It has to be assumed that handover would not occur during this extended HARQ retransmission.
In the downlink, there is no limit in the number of HARQ retransmission.  Hence, this could be up to network implementation to use retransmission to overcome the expected loss (29 dB).

2.2.4 System Level
If the traffic for enhanced coverage MTC is expected to occur during non busy hours, some system level coordination like ICIC and CoMP could be employed to improve the coverage.  Such methods are likely to be particularly useful in the uplink, where frequency domain ICIC can be used to coordinate the MTC UEs’ transmissions to reduce inter-cell interference, and multi-point reception can be used to increase the effective received SINR.  
In the downlink, which is likely to be noise-limited rather than interference-limited for MTC UEs with high penetration loss, ICIC may be less useful, but multipoint transmission (e.g. with JT CoMP or MBSFN transmission) may give diversity and/or array gains.  
2.2.5 Combined methods
The above is not an exhaustive list of possible methods.  It is also possible to combine some of these methods to achieve the required gains.  
For example, consider the expected downlink message of 20 bytes with a latency of 10 seconds.  We can use low code rate, extended TTI bundling and extended HARQ retransmission to achieve the required gain of 29 dB as shown in Table 2.  This is the gain compared to using the lowest TBS of 16 bits [3].  It should be noted that different PRB pairs can be used for the HARQ retransmission to achieve gain in frequency diversity albeit this gain may not be significant given the channel to be static.

Table 2: Gains using combined methods 
	Method
	Gains (dB)

	Low code rate with TBS = 1 bit (1 info bit per PRB pair)
	12 dB 

	TTI Bundling over 10 consecutive subframes
	10 dB

	5( HARQ retransmission
	7 dB

	Total
	29 dB


In Table 2, on average 1 bit of information can be sent in 50 ms.  The downlink message of 20 bytes would therefore require 8 seconds which is within the required latency of 10 seconds.
3 Conclusion
In this contribution we propose to category the SI on coverage improvement to control and dedicated channels.  We discuss some potential solutions to improve the coverage for dedicated channels.  We showed how some of these potential solutions can be combined to achieve the targeted gain. 
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