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1. Introduction
At RAN#53 meeting, the Study Item of Provision of low-cost MTC UEs based on LTE [1] was approved. The objective of the SI is to find solutions to ensure that the cost of the MTC devices based on LTE is competitive with those based on GSM/GPRS, provided certain requirements are satisfied. In this contribution, we provide our initial considerations on the design of low-cost MTC UEs in Rel-11.
2. Discussion
2.1. Requirements analysis 
The SID in [1] sets the following design targets for the low-cost MTC UEs based on LTE:
· Performance
The low-cost MTC UEs based on LTE shall provide at least equivalent and preferably improved performance compared with GSM/GPRS on
· Data rate

· Spectral efficiency

· Service coverage

· Power consumption

The low-cost MTC UEs based on LTE shall also strive for comparable spectral efficiency and service coverage as normal LTE terminals.
· Compatibility and coexistence
For the legacy LTE networks and UEs, the design of the low-cost MTC UEs and networks shall
· Coexist with legacy radio interface and networks

· Be able to work with legacy UEs on the same carrier

· Re-use the existing LTE/SAE network architecture
· Restrict any performance reduction to devices only operating as MTC devices
· Cost
The cost of the low-cost MTC UEs based on LTE shall be competitive with that of GSM/GPRS.
While the above design targets provide high level guidelines, it is necessary to convert them into detailed requirements. More specifically, the performance of the MTC devices in the reference system of GSM/GPRS shall be clearly stated, including data rate, spectral efficiency, service coverage, and power consumption. In addition, as the performance (including spectral efficiency and coverage) of low-cost MTC design shall also be compared to normal LTE UEs, it is necessary to agree on the reference LTE performance. It shall be noted that there are currently various techniques, e.g. DL MIMO enhancement, CoMP, etc. being studied to improve the normal LTE performance. These techniques targeting for high-end terminals may not be suitable for inclusion in the reference LTE performance for low-cost MTC UEs. Hence, we have the following proposal:
Proposal 1: RAN1 shall first agree on the detailed design targets for LTE-based low-cost MTC devices including: 
· Data rate, spectral efficiency, coverage, and power consumption of the MTC devices in the reference GSM/GPRS system

· Spectral efficiency and coverage of a reference LTE system
2.2. Use case and scenario

Besides the requirements, the use case and scenario of MTC devices can also impact the design. The use case and scenario shall determine the MTC traffic model, number of MTC UEs, latency requirement and so on. The MTC traffic model (including packet size and arrival rate) and latency requirements will consequently determine the required maximum TB size and HARQ soft buffer size, which has a significant impact on terminal cost. The number of MTC UEs may influence the system performance in terms of PDCCHs and PRACHs capacity, which may require new designs at both the network and terminal side. Given the above considerations, we have the following proposal:
Proposal2: The use case and scenario of MTC devices shall be discussed, aiming to provide conclusions that can guide the design of low-cost MTC UEs.
2.3. Cost analysis and reduction
In general, the cost of a terminal is determined by various factors, including both technical and non-technical reasons. The cost of terminals can be different due to vendor-specific implementations, even if the same function/performance is provided by the terminals from different vendors. It is hence only feasible for 3GPP to study which LTE features may be reduced or simplified for low-cost MTC devices. In particular, the set of RF and physical layer features shall be examined for possible simplification, as these features contribute to a large portion of the terminal hardware cost. In the following, we outline the RF and baseband features that can be considered to reduce the cost.
· RF aspects
The RF component mainly includes antenna, switch, PA, SAW(Surface Acoustic Wave), transceiver, etc. The following factors have significant impact on the RF cost: 
· maximum bandwidth
· transmit/receive radio chains
· maximum transmit power
· the number of supported bands
· modulation scheme
· Baseband aspects
The following factors have significant impact on baseband cost:
· maximum bandwidth

· MIMO

· Turbo decoding

· HARQ soft buffer size

· PDCCH decoding 
From RAN1 perspective, the following details deserve further consideration:

· If the maximum bandwidth supported by a MTC device is reduced, how does the MTC device operate in an LTE system of larger bandwidth than the MTC device supports?
· If the number of received antennas is reduced for a MTC device, how does the MTC device achieve the same coverage as normal LTE UEs? It shall be noted that the RAN4 requirements implicitly assume two receive antennas at UE side.
· To which extent the maximum supported transport block size of MTC devices can be reduced, while still satisfying the target data rate and latency requirements? It shall be noted that the maximum TBS impacts the channel decoder and the latency impacts the HARQ design.

· Assuming reduced PDSCH processing capability for low-cost MTC devices, is it necessary to reduce the PDCCH decoding capability and the corresponding cost?

It shall be noted that simplifying the RF and physical layer features inevitably reduces the performance. The design targets as well as the use case of low-cost MTC devices shall be considered when deciding the set of LTE features to simplify. Overall, we have the following proposal:
Proposal 3: RAN1 shall consider features including maximum supported bandwidth, MIMO, channel coding/decoding, HARQ, and PDCCH for possible cost reduction, provided that the design targets and use case of MTC devices are still fulfilled.
3. Conclusion
In this contribution, we provide our views on the design of low-cost MTC devices based on LTE, with the following proposals:

Proposal 1: RAN1 shall first agree on the detailed design targets for LTE-based low-cost MTC devices including: 

· Data rate, spectral efficiency, coverage, and power consumption of the MTC devices in the reference GSM/GPRS system

· Spectral efficiency and coverage of a reference LTE system

Proposal2: The use case and scenario of MTC devices shall be discussed, aiming to provide conclusions that can guide the design of low-cost MTC UEs.
Proposal 3: RAN1 shall consider features including maximum supported bandwidth, MIMO, channel coding/decoding, HARQ, and PDCCH for possible cost reduction, provided that the design targets and use case of MTC devices are still fulfilled.
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