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1 Introduction

The Study Item of Provision of low-cost MTC UEs based on LTE (RP-111112) was approved at RAN plenary meeting #53. In this contribution, we give a brief analysis of cost reduction, standards impacts and potential performance impacts of cost saving techniques for LTE MTC UEs. 
2 Cost drivers of reference LTE UE modem
The main components of a UE include: baseband chip, memory/cache, RF components, shell, LCD, power, application processors, keyboard, etc. From RAN prospect, reducing UE modem (especially RF and baseband) cost is the most significant task for LTE MTC UEs.
2.1 RF cost contributors
The UE RF part mainly includes antenna, transceiver, power and low noise amplifier, switch, filtering, etc. The following factors have significant impact on RF cost:   

· the number of supported bands
· transmit/receive radio chains
· maximum transmit power
2.2 A/D Converter and Baseband cost contributors

UE maximum bandwidth requirement may have impact on the A/D and /D/A converter.

The UE baseband part mainly includes OFDM modulation/Demodulation, Channel estimation, Channel coding chain, MIMO encoder/decoder, and HARQ memory. Baseband related cost is determined by the number of gates and buffer size requirement. The following factors have significant impact on baseband cost: 
· UE maximum bandwidth supported

· Memory and HARQ soft buffer size

· MIMO
3 Techniques for provisioning of low cost MTC UE and cost analysis
3.1 Reduced Number of RF Chains/Antenna Ports
3.1.1 Description

The LTE UE cost increases with the number of transmit/receive radio chains. In order to reduce the UE cost,  the LTE MTC UE should only support TM1 and TM2.
LTE UE cost will be increased when the device has more than one RF chains (transmit and/or receive radio chain). Single Rx UE will decrease the baseband processing and thus reduce the cost of Rx RF chain, OFDM demodulation, and measurement. However, Single Rx will bring DL coverage loss.  It is proposed to keep LTE MTC UE configured as 1T2R instead of 1T1R in order to keep the downlink coverage performance.

3.1.2 Analysis/evaluation of performance against requirements
	Metric
	Impact (Yes/No)

	Coverage
	Yes

	Power consumption
	

	Impact to non-MTC UE
	

	eNB Hardware impact
	

	Impact on specification
	Yes

	Cell spectral efficiency
	Yes


3.1.2.1 
Coverage analysis
If the number of received antennas is reduced for a LTE MTC UE, single Rx UEs cannot achieve the same coverage level as normal dual-Rx UEs.
3.1.2.2 Impact on specification
No RAN1 specification changes are needed to support single Rx or to disable MIMO feature.  Since dual-Rx UE is assumed in the RAN4 performance requirements, single Rx UE concept will require extra RAN4 work to define the corresponding performance requirements.
3.1.2.3 Cell spectral efficiency

MIMO feature is a technique to improve spectrum efficiency.  If MIMO feature is not supported for low cost MTC UE, the cell spectral efficiency of LTE system may be reduced due to large amount of low cost MTC UEs in a cell.

3.2  Lower peak data rate support
3.2.1 Description

Study Item of Provision of low-cost MTC UEs based on LTE takes GPRS/EDGE data rates as a target for low cost MTC UE (the peak rates for the low-cost MTC UE need to be at least 118.4 kbps in downlink and 59.2 kbps in uplink). 
The current UE category 1 has a maximum DL data rate of 10 Mbps. The complexity of the channel estimation, turbo decoder is related to the data rate. In order to reduce the LTE UE cost, it is required to define a new UE category with a lower peak rate and limit on the maximum supported TBS and HARQ soft buffer size. 
3.2.2 Analysis/evaluation of performance against requirements
	Metric
	Impact (Yes/No)

	Coverage
	

	Power consumption
	

	Impact to non-MTC UE
	

	eNB Hardware impact
	

	Impact on specification
	Yes

	Cell spectral efficiency
	Yes


3.2.2.1 Impact on specification
To define a new UE category with a lower peak rate and limit on the maximum supported TBS and soft buffer size will bring extra work on RAN1 related specifications.

3.2.2.2 Cell spectral efficiency
The cell spectral efficiency of LTE system may be reduced due to lower peak data rate requirement of low cost MTC UEs.

3.3 Reduced UE bandwidth support

3.3.1 Description

The complexity of channel estimation, OFDM modulation/demodulation and turbo decoder and the HARQ memory size are related to the maximum bandwidth of UE supported channels. Reducing the bandwidth will reduce the baseband cost by simplifying front end processing (FFT, channel estimation, etc). If UE maixmum bandwidth support is reduced from 20MHz to 1.4MHz, due to the reduced sampling rate, the cost of the A/D and D/A may be slightly reduced. There is no apparent impact on RF cost if UE maximum bandwidth requirement is reduced from 20MHz to 1.4MHz.
3.3.2 Analysis/evaluation of performance against requirements
	Metric
	Impact (Yes/No)

	Coverage
	 

	Power consumption
	 

	Impact to non-MTC UE
	 

	eNB Hardware impact
	 

	Impact on specification
	Yes

	Cell spectral efficiency
	 


3.3.2.1 Impact on specification
If the maximum bandwidth supported by a MTC UE is reduced, the MTC UE may have problem to operate in an LTE system with larger bandwidth. There are several solutions to support reduced bandwidth MTC UEs to operate in an LTE system with larger bandwidth than the MTC UE.
· Solution 1: narrow bandwidth carrier to support reduced bandwidth MTC UEs
If the eNB has at least one pair of DL/UL carriers with the bandwidth smaller than the maximum Rx/Tx bandwidth of the reduced bandwidth MTC UEs, reduced bandwidth MTC UEs can access to the eNB.  It may also introduce carrier aggregation to split a narrow bandwidth carrier from the system carrier with wider bandwidth.
· Pros:  no impact on current 3GPP specifications

· Cons: It depends on the spectrum deployment.  If carrier aggregation is introduced to split a narrow bandwidth carrier from the system bandwidth, it may increase the eNB complexity and have impact on the cell spectral efficiency. 
· Solution 2: Relay Node

The bandwidth of the eNB is larger than that of the reduced bandwidth MTC UEs.  The reduced bandwidth MTC UEs can access to the eNB through Relay Node.  The maximum Rx bandwidth capacity of the Relay Node is same as the legacy normal LTE UEs, i.e., 20MHz. The transmit bandwidth of the Relay Node is same or smaller than the Tx/Rx bandwidth of reduced bandwidth MTC UEs.
· Pros: no impact on eNB
· Cons: It depends on the system deployment and may increase the complexity of the Relay Node. 
· Solution 3: LTE specification modification to support reduced bandwidth MTC UEs
Special DL Control (PDCCH, system information, paging, etc) design and different PRACH configuration are introduced and used for MTC UEs. 
·  Pros: can support reduced bandwidth MTC UEs and legacy/normal LTE UEs without special system deployment (narrow bandwidth carrier or Relay Node configuration)
· Cons: may bring changes to the 3GPP RAN1 specifications thus increase the design cost
3.4 Lower maximum modulation order
3.4.1 Description

The cost of the UE PA is mainly determined by the transmit output power and the required linearity.  Without high order modulation support will decrease the linearity requirement of the PA thus reduce the cost of the PA. To restrict QPSK modulation for the low cost MTC UE is a cost reduction technique. 
3.4.2 Analysis/evaluation of performance against requirements
	Metric
	Impact (Yes/No)

	Coverage
	 

	Power consumption
	 

	Impact to non-MTC UE
	 

	eNB Hardware impact
	 

	Impact on specification
	Yes

	Cell spectral efficiency
	Yes 


3.4.2.1 Impact on specification
The specification impact would be mainly related to UE category definition limiting the DL/UL modulation order.
3.4.2.2 Cell spectral efficiency
The cell spectral efficiency of LTE system may be reduced due to restricted modulation order of low cost MTC UEs.

3.5 Reduced band support

3.5.1 Description

The RF (PA, Duplexer, and saw, etc) related cost typically scales linearly with the number of RF Front Ends.  Reducing the number of bands can significantly reduce the RF cost.
3.5.2 Analysis/evaluation of performance against requirements
	Metric
	Impact (Yes/No)

	Coverage
	

	Power consumption
	

	Impact to non-MTC UE
	 

	eNB Hardware impact
	

	Impact on specification
	Yes

	Cell spectral efficiency
	

	Roaming and Global use
	Yes


3.5.2.1 Impact on specification

To restrict the UE supported band may bring extra work on RAN4 related specifications.
3.5.2.2 Roaming and Global use
If the UE supported band is restricted, it will impact the global application of the low cost MTC UE.
3.6 Reduced UE maximum transmit power

3.6.1 Description

Reducing the UE maximum transmission power may contribute to reducing the cost of RF components. However, there will not bring apparent cost impact if the maximum transmit power of the MTC UE is reduced from 23dbm to 10dbm. 
3.6.2 Analysis/evaluation of performance against requirements
	Metric
	Impact (Yes/No)

	Coverage
	Yes

	Power consumption
	

	Impact to non-MTC UE
	

	eNB Hardware impact
	

	Impact on specification
	Yes

	Cell spectral efficiency
	


3.6.2.1 
Coverage analysis
Reducing the UE maximum transmit power will bring UL coverage loss and lead to increased imbalance between DL and UL link budgets. 
3.6.2.2 Impact on specification
In order for maximum transmit power reduced UE to keep the same coverage level as normal LTE UE,  additional  physical layer or high layer schemes may need to be introduced.
Reducing the UE maximum transmit power will have impact on the RAN4 related specifications.
3.7 H-FDD

3.7.1 Description

H-FDD operation will reduce the RF cost by the removal of the duplexer. It may need further study on the impact on the eNB scheduler related issue and potential specification to the UE.
3.7.2 Analysis/evaluation of performance against requirements
	Metric
	Impact (Yes/No)

	Coverage
	

	Power consumption
	

	Impact to non-MTC UE
	

	eNB Hardware impact
	

	Impact on specification
	Yes

	Cell spectral efficiency
	


3.7.2.1 Impact on specification
To support H-FDD operation, major works will be taken out in RAN4 to define performance requirements.

4 Conclusions
In this document a brief analysis of cost reduction, standards impacts and potential performance impacts of cost saving techniques for LTE MTC UEs has been carried out.  It is proposed to consider the cost reduction techniques from RAN1 point of view as below:
· Reduced Number of RF Chains/Antenna Port s(only support TM1 and TM and keep Dual-Rx)
· Reduced UE bandwidth support

· Lower peak date rate support (Definition of a lower LTE UE category )
· Lower maximum modulation order
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