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1. Introduction
The Study Item of Provision of low-cost MTC UEs based on LTE [1] was approved at RAN#53 meeting. The major objective of the SI is to find solutions to reduce the cost of the MTC devices based on LTE. We outlined possible features which can be considered to reduce the cost in R1-112965 [2] in the previous meeting. In this contribution, we give our further considerations on potential cost savings for low-cost MTC UEs.
2. Potential cost savings for low-cost MTC
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.

The cost of MTC devices based on LTE is largely dependent on the cost of LTE modem which mainly consists of RF and baseband parts. In this section, we identify the features which have UE cost impact from the RF and baseband aspect respectively and give corresponding potential cost saving approaches as well as the initial standard impact analysis. Note that the RF analysis is based on TDD mode. 
2.1. RF
The block diagram of TDD RF structure with single band, single RAT and one antenna is illustrated in figure 1.
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Figure 1 TDD RF structure block diagram
The RF part comprises RF frontend and transceiver. The RF frontend includes antenna, switch, RF filter and PA. LNA, A/D and D/A are assumed to be part of transceiver. The cost of the components in descending order is transceiver, PA, RF filter, switch. 
The major factors which impact the cost of each component in a single RF chain is listed in the following table.

	RF Component
	Factors impacting the UE cost

	Transceiver
	Supported bandwidth
Supported RATs
Supported bands
Supported modulation order

	PA
	Supported bandwidth

Supported RATs
Supported bands

Supported modulation order

	RF filter
	Supported bandwidth

Supported bands

Supported modulation order

	switch
	Supported bands


Correspondingly, the following  approaches can be considered to reduce the RF cost.

· Reduction on the number of RF chains

Reducing the number of RF chains can lower the RF cost by using less components, e.g. switch, RF filter, PA, transceiver. However, reduction on the number of RF chains will degrade the coverage apparently. New mechanisms need to be further studied to ensure  the same coverage of low cost MTC UEs and normal LTE UEs. Such mechanisms are expected to be based on advanced algorithms and implementable by software in order to possibly keep the cost low for the MTC UEs.
Standard impact:

RAN4 performance requirements e.g. downlink channel demodulation performance requirements, need to be redefined since the current requirements implicitly assume two receive antennas at the UE side. 
Techniques for coverage loss compensation for low cost MTC UEs with a single RF chain are likely to impact the specifications.
· Reduction of bandwidth

Reducing the bandwidth can lower the cost of the transceiver, PA and RF filter. If the maximum bandwidth supported by a MTC device is reduced, new specification work is required to allow the MTC device to operate in an LTE system of larger bandwidth than the MTC device supports.
Standard impact:

In order to guarantee that MTC devices with smaller bandwidth can work in an LTE system of larger bandwidth, new designs for control channels including PDCCH, PUCCH, PCFICH and PHICH are inevitable. Other standards impact needs further study.

· Reduction of number of RATs/bands

Reducing the number of RATs and/or bands can lower the cost of transceiver, and requires less PA, RF filters and switches.
Standard impact:

In the current specification, how many RATs/bands shall be suppported by the UE is not specified. The supported RAT(s) and band(s) of the UE are reported explicitly to the network via RRC signalling. 

No specification impact is foreseen regarding the reduction on the supported RATs/bands.
· Restriction on the supported modulation order
Lower modulation order has less stringent EVM requirement so that the cost of the RF components can be reduced. Supporting only lower modulation order for MTC devices can be considered only if the spectral efficiency and data rate targets can be satisfied with the lower order modulation.
Standard impact:

New UE capability may need to be defined to support only low order modulation.
· Reduction in the maximum transmit power

Reducing the maximum transmit power can lower the cost of PA. However, the uplink coverage will be degraded correspondingly. It remains to investigate how to achieve the same coverage as normal LTE UEs.
Standard impact:

New UE power class with reduced maximum output power needs to be defined in RAN4.
Techniques for uplink coverage loss compensation for low cost MTC UEs with reduced maximum transmit power are likely to impact the specifications.

2.2. Baseband
The following factors have significant impact on baseband cost:

· MIMO processing
· Turbo decoding

· HARQ soft buffer size

· PDCCH decoding 
Correspondingly, the following  approaches can be considered to reduce the BB cost.

· Reduction of bandwidth

Smaller bandwidth can reduce the complexity of FFT/IFFT, channel estimation and the required soft buffer size etc. As mentioned above in the RF section, significant specification work needs to be done.
Standard impact:

New designs for control channels including PDCCH, PUCCH, PCFICH and PHICH are inevitable. Other standards impact needs further study.

· Non-MIMO
From the baseband perspective, not supporting MIMO can simplify equalizer, PMI/CQI estimation and turbo decoding. RI estimation is not needed and HARQ buffer size can be reduced if MIMO is not supported. Note that if single RF chain is adopted for low-cost MTC device, MIMO will not be supported. 

Standard impact:

UE shall notify the network that the UE does not support MIMO. 
· Reduction of TBS

Since the low-cost MTC devices do not require high data rate, the TBS can be reduced significantly. The turbo decoding can be simplified consenquently. The HARQ buffer size can be reduced as well. To which extent the maximum supported transport block size of MTC devices can be reduced needs further study considering the target data rate and latency requirements.
Standard impact:

A new UE category with smaller TBS and HARQ buffer size may need to be defined.
· HARQ simplification

With reduced maximum TBS and the possibly lower data rate required by the MTC devices, it is possible to simplify the HARQ, e.g. by reducing the number of parallel HARQ processes, which leads to cost savings. Furthermore, it may be motivated to study if HARQ can be avoided for low cost MTC devices, and rely only on higher layer ARQ for retransmission, assuming the latency and spectral efficiency requirements can still be satisfied. 
Standard impact:

The HARQ buffer size may be reduced. Whether HARQ can be avoided and the related standard impact need further study.

· PDCCH blind decoding simplification
The complexity of PDCCH blind decodings becomes more significant compared to PDSCH decoding when the bandwidth is reduced. Simplification of PDCCH blind decodings can reduce the baseband complexity. One possible area is to reduce the number of PDCCH candidates for the MTC devices, while another area is for MTC devices to monitor less DCI formats of different sizes per subframe. This would reduce the maximum number of PDCCH blind decodings an MTC device needs to perform per subframe, which can consequently reduce its baseband hardware implementation complexity and cost. 
Standard impact:

PDCCH search space for MTC devices needs to be defined. The DCI formats monitored by MTC devices may be specified. 
3. Conclusion
In this contribution, we provide our initial analysis on the UE cost and potential cost saving as well as standard impact. In conclusion, we have the following observation and proposal:

Observation 1: Reduction on the supported bands/RATs can lower the cost without standard impact.
Proposal1: The following methods for cost saving can be considered provided that the design targets and use cases of MTC devices are still fulfilled
· Reduction on the number of RF chains
· Reduction of bandwidth

· Support of low order modulation only

· Reduction in the maximum transmit power

· Non-MIMO

· Reduction of TBS

· HARQ simplification

· PDCCH blind decoding simplification
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