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1. Introduction

In RAN meeting #53, the study item “Provision of low-cost MTC UEs based on LTE” has been approved [1]. As a starting point of discussion on this study item, this contribution identifies UE cost impact from the perspective of LTE physical layer standards.
2.  UE cost impact from LTE physical layer standards

Table 1 categorizes UE hardware into RF, baseband logic, and memory. Also shown are the UE parameters related to each UE H/W part. 

Table 1. UE H/W part and related UE parameters
	H/W category
	UE H/W Part
	UE Parameter

	RF
	Power amplifier
	Max. Tx power

	
	RF chain
	Number of Antennas

	Baseband logic
	OFDM modulation/Demodulation
	Minimum UE BW requirement
Number of Antennas

	
	Measurements
	Minimum UE BW requirement
Number of Antennas

	
	MIMO encoder/decoder 
	Transmission modes

Number of Antennas

	
	Channel encoder/decoder 
& Coding chain
	Max. TB size

	Memory
	HARQ soft buffer
	Max. TB size

Number of HARQ processes

	
	Buffering memory
	Minimum UE BW requirement

Number of Antennas


In the following, we provide details on how UE cost is related to UE parameters.

Power amplifier
The cost of power amplifier is closely related to the maximum transmit power requirement of UE. In order to possibly reduce the cost of power amplifier, it is strictly required to reduce the UE maximum Tx power while maintaining the same cell coverage as the normal LTE UEs.  

RF chain
The number of RF chains is decided by the number of Tx/Rx antennas depending on the UE category and capability. 

OFDM modulation/demodulation
Each RF chain requires independent OFDM modulation/demodulation block. On the other hand, the complexity of OFDM block, therefore, depends on both FFT size which is related to minimum UE bandwidth requirement and the number of Tx/Rx antennas.

Measurements

The complexity of measurements is related to the minimum UE bandwidth requirement to be measured and the number of Tx/Rx antennas.

MIMO encoder/decoder
The complexity of MIMO decoder is more significant than that of MIMO encoder. The complexity of MIMO decoder is related to the supportable transmission modes since different MIMO modes require different MIMO decoding (including CQI/PMI estimation) processes. The complexity of MIMO decoder is also related to the number of Rx antennas. 

Channel encoder/decoder & Coding chain
The cost impact on channel coding block is more significant in channel decoder than in channel encoder. Significant portion of channel decoder complexity is based on Turbo decoding. The cost of Turbo decoder is mainly related to the maximum TB size of the UE category since it increases the number of parallel decoding cores to guarantee that the decoding process is completed within the limited processing time interval regardless of TB sizes.

The maximum TB size is also related to Code block segmentation/concatenation and Code block CRC attachment/de-attachment which cause additional complexity and cost of channel coding block.

HARQ soft buffer
The size of HARQ soft buffer memory is decided by the number of soft channel bits. The number of soft channel bits is related to the number of HARQ processes, maximum TB size, and mother coding rate of Turbo encoder or LBRM. 

Buffering memory 
Input/output data of functional blocks such as OFDM modulation/demodulation and measurements are stored in buffering memory. The size of buffering memory is mainly related to the number of Tx/Rx antennas and minimum UE bandwidth requirement.
3. Considerations on cost reduction for Low-cost MTC UE
This section provides details on how UE cost can be reduced from the perspective of standard issues addressed in Table 1.  

Maximum TB size
Maximum TB size is linearly proportional to the peak data rate since it is directly calculated by the peak data rate multiplied by TTI interval of 1ms. 
If the peak data rate of GSM/GPRS (118.4 kbps in DL) is considered for low-cost MTC UE, the maximum TB size will be around 120 bits. For this TB size, Turbo decoder may not require parallel decoding cores due to enough processing time. The Turbo decoder memory will be reduced up to 1.9% considering the maximum TB size of 6120 bits in a single code block. In addition, this TB size does not require performing Code block segmentation/concatenation and Code block CRC attachment/de-attachment. 

Also, the HARQ soft buffer memory size may be significantly reduced up to 1.2% of UE category 1 which supports 10Mbps in DL, in accordance with the reduction of the number of soft channel bits for MTC UE. 
Cost reduction of Turbo decoder and HARQ soft buffer due to the reduced maximum TB size may be significant portion of total cost reduction for low-cost MTC UE. 
Number of antennas
Number of Antennas is significantly related to cost reduction in most UE H/W parts. In UL, MTC UE may be configured only with single antenna transmission without yielding any standard impact.  In DL, the number of Rx antenna is basically two. If MTC UE is configured with single receive antenna, the cost of Rx RF chain, OFDM demodulation, measurements, MIMO decoder, and buffering memory may be reduced in half. It is definitely necessary to consider how serious DL performance loss is due to 1 UE Rx antenna.  
Transmission modes

The MIMO decoder complexity may be significantly reduced by excluding spatial multiplexing modes for MTC UE without yielding standard impact. For more reduction of MIMO decoder complexity, Tx diversity modes and beam-forming modes may be excluded for MTC UE. Regarding Tx diversity mode, however, it should be noted that UE needs to have decoding capability of Tx diversity for PBCH decoding.
Minimum UE BW requirement 
LTE UE is required to have a hardware capability to support minimum UE bandwidth requirement of 20 MHz. Reduction in minimum UE bandwidth requirement significantly reduces complexity and size of OFDM modulation/demodulation, measurements, and buffering memory. 
Due to lower peak data rate support, MTC UE can be configured to have a hardware capability of minimum UE bandwidth less than 20 MHz. If the minimum BW requirement is reduced from 20 MHz to 1.4 MHz, for example, the complexity of OFDM modulation/demodulation is reduced to 6.25% (FFT size of 2048 to 128). Moreover, complexity of measurements, which may be more dominant than FFT size in complexity, can also be reduced to the same portion. 

As one of another BW aspect representing UE’s RF capability, there is the requirement of UE Tx/Rx BW capability, i.e. 20MHz/20MHz regardless of UE category type in LTE specification. Impact on UE cost and standardization due to a change on this UE capability can be further investigated together.
Misc.
It should also be noted that cost reduction from cheaper processor due to lower peak data rate may be significant. One more thing to be considered is processing cost reduction from sparse PDCCH decoding for MTC UE with deterministic traffic pattern. 
4. Conclusions
In this contribution, we have provided considerations on how UE cost may be reduced for MTC UE with lower peak data rate. It would be difficult to analyze the exact cost reduction since H/W cost measurement is quite implementation-specific. For the purpose of initial guidelines, we summarized UE cost reduction portion compared to UE category 1 assuming probable UE parameter configuration in Table 2. 

Even if we provided potential UE cost reduction from each UE parameter in Table 2, we need to discuss more on total cost reduction of MTC UE. More details on standards issues related to cost reduction can be found in another paper [2].
Table 2. Potential UE cost reduction portion
	UE Parameter
	Value
	UE Cost Reduction Portion (%)

	Maximum TB size 
	120 bits 

(118.4 kbps in DL)
	Single Turbo decoding core
98% reduction in Turbo decoder memory 98.7% reduction in HARQ soft buffer size 

	Number of Tx antennas
	1
	No additional cost reduction (Equal to Rel-8 Cat. 1)

	Number of Rx antennas
	1
	50% cost reduction in RF chain and OFDM demodulation

Additional cost reduction in Measurements, MIMO decoder and Buffering memory

	DL Transmission mode
	TM 1, 2 
	More than 50% cost reduction from MIMO decoder (including CQI/PMI and Channel estimation)

	Minimum UE BW requirement
	1.4 MHz
	93.75% reduction in OFDM modulation /demodulation complexity 
Additional cost reduction in Measurements and Buffering memory
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