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1. Introduction
This document provides more information and rationale on the objective for coverage improvement studies for “Low-cost LTE for MTC” and proposes to start the further studies now.
2. Discussion
At RAN#56, there was quite some discussion regarding the conclusions and recommendation of the Study Item “Study on Provision of low-cost MTC UEs based on LTE”, due to concerns regarding the fact that some of the cost reduction features reduced coverage of the device. Documents [1] and [2] were presented to highlight the issue and propose a way forward. 
The result of the discussion was that the Study item was not closed and put on hold until RAN#57, and due to the concerns raised about coverage reduction, the rapporteur was requested to bring an updated SID to focus on coverage improvement aspects to RAN#57 for consideration. This is provided in [3].

Scale of coverage improvement and rationale
In terms of a coverage improvement target, document [1] focussed on the need to ensure that low-cost LTE techniques did not provide coverage reduction compared to the existing LTE coverage footprint offered. 

[2] highlighted the need to significantly extend coverage for low cost MTC devices beyond the existing LTE coverage footprint offered, due to the fact that one important use case for such devices is “smart-metering”, and smart meters are very often installed in the basements of residential buildings or locations shielded by foil-backed insulation, metallised windows or traditional thick-walled building construction, and thus would experience significantly greater penetration losses on the radio interface than normal LTE devices (and typically mobile networks are not planned to cover basements of houses). 
Current solutions require either an increased densification of sites or remedial solutions at the receiver such as small home area networks, meshes, or external antennas with additional antenna feeds. These solutions are often impractical, may require additional spectrum, and will lead to greater expense.

If an effective solution is not provided for LTE to provide for this type of MTC service, then other new technologies (that are already being developed) may be able to more cost-effectively meet its needs, and/or LTE operators will have to deploy additional sites/relays/repeaters to provide this service effectively. Either way this means additional deployment costs which could have been avoided (which may then affect the overall business case). This is worrying because it is clearly essential that LTE mobile operators can successfully capture and sustain additional revenue streams from new service/subscriber types moving forward. 

Moreover, it should be taken into account that while smart-metering is chosen as the example use case here, extending the coverage of LTE to make it ubiquitous would likely allow LTE to be suited to handle a much wider set of applications (e,g, those using very low data rate and with greater delay tolerance).
Target objectives for further studies
Therefore if a coverage solution can be found to meet the needs of the majority of smart-metering devices, but that utilises LTE sites and RF hardware, and can efficiently share the same spectrum/carrier as LTE (given the fact that the traffic generated will be intermittent), this will allow LTE operators to provide smart-metering services whilst minimising additional deployment costs, and also maximising the likelihood of LTE as the preferred solution in this domain, which can only be healthy for those involved in LTE product development/deployment in general. 
In terms of the exact improvement figures needed, from further investigations performed by Vodafone based on GSM deployments, it was found that - for existing network planning approaches - a 20dB coverage improvement to the coverage limiting channel would be required on average. It is understood that GSM and LTE coverage are very similar, and therefore it is considered that a 20dB coverage improvement would be required on average for LTE (considering co-sited deployment with GSM). Note that the exact improvement needed to each channel in DL and UL needs to be studied.
For the above analysis of GSM, it is not assumed that this will cover all locations, and there would still be a small number of specific cases where e.g. relays or external antennas would be needed to overcome even higher penetration losses, but 20dB is deemed sufficient to cover enough locations to keep the provisioning costs down. 
Vodafone believes such a coverage extension target would be feasible because the type of traffic that smart meters use would be very low data rate with small packets and relaxed latency requirements, e.g. packet size in the order of 100 bytes/message in UL and 20 bytes/message in DL, and latency up to 10 seconds for downlink and up to 1 hour in uplink. Furthermore, voice is not required to be supported by such machine type applications and this is where this work differs from what was observed in the LTE UL coverage improvement” study item. 
3. Proposal
Therefore, it is proposed that 3GPP continues work on the “Study on Provision of low-cost MTC UEs based on LTE”, and focuses on ensuring that LTE provides a cost-effective solution for smart-metering, and to do this, attempts to fulfil the following detailed objectives:
· Targets a 20dB LTE coverage extension for low cost MTC UEs compared to the existing LTE macro coverage footprint.
· Utilises existing LTE Base Station RF hardware and spectrum/carriers.

· Assumes very low data rate, and large latency tolerance, taking the parameters described in section 2 as a reasonable reference. Voice is not required to be supported.?
· Spectrum efficiency impact should be evaluated, and obviously minimised for any solution that meets the coverage target. An assumption on how many MTC UE’s will be in poor coverage would need to be further agreed.
It is understood that such studies may take longer than originally planned, and this is why the completion date is proposed to be changed to 3GPP RAN#59 (March 2013).
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