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1 Introduction
The coverage requirements made in RAN #57 [1] with respect to low-cost MTC UEs is that a 20dB improvement in coverage compared to “normal LTE UEs” should be target and could use very low rate traffic with relaxed latency. It is also assumed that both the LTE air-interface and the LTE base station hardware should not be changed at the initial phase of study, and considering a relatively small portion of traffic requires the coverage improvement. In this contribution, we consider the relay based scheme for coverage extension with respect to low-cost MTC UEs based on LTE. 
2 Coverage extension for low-cost MTC UEs 
The current coverage requirement agreed in RAN#57 is to have:
·    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. 
During the meeting, some study assumptions had been made:
·    The starting point of the analysis shall be the Rel-10 LTE air-interface.
·    The initial phase of the study shall focus on solutions that do not necessarily require changes to the LTE base station hardware.
And one of the aspects should be followed while evaluating the study:

·  
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.
We note that the object of coverage extension does not limit to the uplink channel or the downlink channel. For 20dB coverage improvement, the restriction of unchanged LTE base station hardware and using the same air-interface may cause additional efforts and complexity to the MTC UEs. This may violate the low-cost requirement of MTC devices. As for higher layer based solutions, existing schemes could be evaluated for modification, but a solution for 20dB coverage enhancement of user plane and control plane data for both downlink and uplink channel is still challenging. Since the proportion of traffic require for coverage improvement is limited, a flexible scheme to fulfil these requirements should be taken into account. Otherwise, the over-design of MTC may cause non-necessary impacts to the legacy LTE users and implicates the system performance. From operator’s point of view, a general solution which could accommodate various MTC use cases while limiting the impact of existing operation is preferred. From the chip vendor’s view, a low-cost MTC device with adequate capability and functionality is the first choice to extend the market share. What had been well specified and can fit in between these two contradicted purposes for coverage extension of downlink and uplink channel, including both data plane and user plane is the relay node. In this contribution, we evaluate the possibility of using relay nodes to assist coverage extension of low-cost MTC UEs while considering the hardware limitations and design requirements agreed in [1].
2.1. Relay nodes to extend the coverage of low-cost MTC UEs.
In our definition, the relay nodes could be Layer 1 (L1) repeater or the Layer 3 (L3) relay defined in TR36.814[2], i.e., “Type 1(inband half duplex)”, “Type 1a (outband)” or “Type 1b (inband full duplex)” relay. It is obviously that L1 repeater is a lower cost solution that causes no impact to the standard and hence the legacy network architecture. Besides, its spectral efficiency is higher than the L3 relay. However, L1 repeater does not separate the interference/noise signal from the desired signal due to the lack of decoding, the achieved SINR may degrade at the destination node. Since low data rate is not a concern of low-cost MTC UEs, L1 repeater actually provides a lower cost and spectral efficient solution for coverage extension. Advanced L1 repeater may filter the receive stream to enhance the receiving performance at the MTC UEs.
On the other hand, the L3 relay has been introduced to LTE release 10 to enable traffic forwarding between donor eNodeB and UE.  And it has been proved an important scheme considering many aspects of design issues (ex: mobility, roaming, TDD/FDD operation, backward compatibility, scheduling, etc.). Due to the small data format and regular traffic property of MTC traffic, MTC-dedicated L3 Relay can be introduced via identification of a new UE category specifically for low-cost MTC devices [3].  In this way, L3 relay can be viewed as a concentrator where flexible scheduling of MTC traffic is possible, and the spectral efficiency impact to the legacy UEs can be minimized. 
2.2. Feasibility of Relay based solution 

To get a flexible and universal coverage extension of low-cost MTC UEs (from control plane to data plane for both downlink and uplink), relay node (L1 repeater or L3 relay) provide a complete solution to fulfil various hardware constraints and design requirements in [1]. A possible extension to L3 relay is to provide efficient scheduling scheme for MTC data where low-data rate and low-latency is allowed. 

The main issue of the relay based scheme is the additional deployment cost of relay nodes, but considering a relatively small portion of traffic require the coverage improvement. Relay entities could be optimally deployed in an efficient way. For example, relay nodes can be deployed closed to the 20dB coverage hole where the MTC UEs’ traffic needs coverage improvement. In this solution, different from the normal UE, the relay node has enough power for coverage extension, and has enough space to adopt distributed antenna system to further enlarge the coverage to overcome 20dB pathloss. Defining a new function for coverage purpose up to 20dB based on the requirement in [1] would be challenging, it may also unnecessarily complicate the standard and affect the timeliness. Relay based solution makes this requirement possible and could speed up the operation of MTC in LTE.
Observation1 : 
The relay based scheme provides a flexible and universal coverage extension and has a complete solution to the hardware limitations and design requirements agreed in RAN#57. 
Proposal 1: 
Relay based solution is adopted for low-cost MTC UE coverage extension.
3 Conclusions
In this contribution, we provided our views with low-cost MTC UEs coverage extension. We believe that relay based scheme is a universal and flexible solution for coverage extension. Given that no standard changes are required and that any layer 1 or layer 2 solutions for just coverage issue of small portion of MTC UEs may unnecessarily complicate the standard and affect the timeliness. Our proposal is to adopt relay nodes as a method to extend coverage for all scenarios where low-cost MTC is under coverage problem. 
Observation 1: 
The relay based scheme provides universal and flexible coverage extension and has a complete solution to the hardware limitations and design requirements agreed in RAN#57.
Proposal 1: 
Relay based solution is adopted for low-cost MTC UE coverage extension.
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