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Discussion
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 reducing the cost of LTE UE for MTC from RF and baseband aspects. In our point of view, reducing the bandwidth requirement of the LTE UE for MTC will apparently reduce the cost of MTC devices.  Further, several solutions to support bandwidth limited LTE UEs (hardware capacity of maximum Rx/Tx bandwidth smaller than 20 MHz) for MTC are discussed.
2 Analysis of reducing the cost of LTE devices for MTC
The main components of a UE include: baseband chip, memory/cache, RF components, shell, LCD, power, application processors, keyboard, etc. Considering that LTE devices for MTC only need to implement automatic data transfer or download, they may not need some components such as LCD and keyboard. Although this may cut down the manufacturing cost, this is out of the scope of the Study Item of Provision of low-cost MTC UEs based on LTE.
Analysis of reducing the cost of LTE devices for MTC will only focus on RF components and baseband components in the following subsection.
2.1 RF components
The power amplifiers, low noise amplifiers, filters, RF chains and antenna ports are the main cost related RF elements. We need to consider the cost reducing of LTE UEs for MTC from amplifiers, filters, the number of RF chain and number of antenna ports.
The main factors that affect the power amplifier are analog technology, performance (adjacent band leakage, third-order intermodulation parameters), bandwidth (maximum Tx/Rx bandwidth to support) and band.  LTE devices for MTC shall meet intermodulation and OOB (out of band) emission requirement. Otherwise, these devices may produce serious interference to other ones and have a bad influence on the system performance. 
Reducing the transmit power requirements will not apparently reduce the cost of LTE devices for MTC. For example, there will not bring apparent cost impact if the transmit power is reduced from 23dbm to 10dbm.  However, reducing the transmit power requirements will impact the uplink coverage of MTC devices in coverage limited scenarios.  In order not to reduce the uplink coverage performance, maximum transmit power requirements of LTE devices for MTC will not be changed.
The bandwidth capability of power amplifiers and low noise amplifiers may be related the MTC device cost.  For example, the MTC device cost will be apparently reduced if the bandwidth capability reduced from 20MHz to 1.4MHz.   In order to reduce the cost of MTC devices, reducing the maximum Tx/Rx Bandwidth of the LTE devices for MTC may be a choice.
Device cost will be increased when the device has more than one RF chains (transmit and/or receive radio chain). To reduce the cost, it may not be a good choice to change the baseline configuration of low cost MTC UE from 1T2R to 1T1R since the downlink coverage performance of 1T1R UE is obviously degraded compared to that of 1T2R UE. In order to reduce the cost of LTE devices for MTC, MIMO is considered to be undesirable for low cost MTC devices. 
2.2 Baseband components
HARQ memory, Buffer, Channel coding processing and FFT module and MIMO module are the main cost related baseband elements and have significant impacts on UE cost.
· Buffer size
Reducing the buffer size may reduce the chipset size thus reducing the cost of the LTE UE for MTC. 

When UEs need to receive a signal, they shall store it in memory and start decoding through the baseband part. The occupied memory size is determined by the data rate and by the device category. In the current protocol [2], the minimum downlink processing capability of a UE is 10kbits/TTI and the minimum uplink processing capability is 5kbits/TTI according to category 1, which is greatly higher than the actual requirement of 10 kbps for MTC devices. If MTC devices will have the same processing capability as category 1 UEs, this will result in a waste of processing capability and memory. 
To define a lower UE category with smaller buffer size may reduce the cost of the LTE device for MTC.

· Channel coding
The gain Turbo coding over CC is not visible for small data rate packets.  Low cost MTC UEs may only support CC to reduce the cost or the Turbo decoder complexity may be reduced if the data rate that the UE supports is reduced. The current minimum UE capability is 10Mbps (for a category 1 UE). Given that there are many MTC applications that have data rate requirements of 100kbps or less, definition of a lower UE category in LTE would help to reduce MTC device complexity. 
· HARQ memory. 
The HARQ memory requirements depend on data rate and the number of HARQ processes that the UE supports.  There will be no impact on RAN1 specifications to reduce the number of HARQ processes of low cost MTC devices. Definition of a lower UE category in LTE would help to reduce the cost of MTC devices from the HARQ memory aspect. 
· FFT Size
FFT size is related to the bandwidth requirement of the LTE UE for MTC. Reducing the FFT size may affect the chipset size of the MTC devices thus reducing the cost of the MTC UEs. By reducing the bandwidth requirement of the LTE MTC UE from 20MHz to 1.4MHz will reduce the FFT size of the chipset of the MTC devices. 
· MIMO
MIMO feature increases the baseband processing requirements of UEs.  An LTE MTC UE should thus not be required to support MIMO in order to reduce the cost from both baseband and RF aspects.

2.3 Proposal to reduce the cost of MTC devices
From the analysis from both RF and baseband components, we propose:
· Proposal 1: Reducing the bandwidth requirement of the LTE UE (bandwidth limited MTC UEs) for MTC from 20MHz to 1.4MHz will apparently reduce the cost of MTC devices.
· Proposal 2: definition of a lower LTE UE category for LTE UE for MTC
· lower processing and HARQ Buffer,1T2R without MIMO feature
3  Solutions to support bandwidth limited MTC UEs
From the analysis, reducing the bandwidth requirement of the MTC UEs from 20MHz to 1.4MHz will reduce the cost of the MTC UEs. There are several solutions to support bandwidth limited MTC UEs (hardware capacity of maximum Rx/Tx bandwidth smaller than 20 MHz) for MTC.
· Solution 1: narrow bandwidth carrier  to support bandwidth limited MTC UEs 
If the eNodeB has at least one pair of DL/UL carriers with the bandwidth smaller than the maximum Rx/Tx bandwidth of the bandwidth limited MTC UEs. Bandwidth limited MTC UEs can access to the eNodeB.
· Pros:  no impact on current 3GPP specifications

· Cons: It depends on the spectrum deployment. Some eNodeBs may not have narrow bandwidth carrier.
· Solution 2: Relay Node
The bandwidth of the eNodeB is larger than that of the bandwidth limited MTC UE.  The bandwidth limited MTC UEs can access to the eNodeB through Relay Node.  The maximum Rx bandwidth capacity of the Relay Node is same as the legacy normal LTE UEs, i.e., 20MHz. The Tx bandwidth of the Relay Node is same or smaller than the Tx/Rx bandwidth of the bandwidth limited MTC UEs.
· Pros: no impact on eNodeB

· Cons: It depends on the system deployment and may increase the complexity of the Relay Node. 
· Solution 3: LTE specification modification to support bandwidth limited 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 bandwidth limited MTC UEs and non-bandwidth limited legacy LTE UEs without special system deployment (narrow bandwidth carrier or Relay Node configuration)
·  Cons: may bring changes to the 3GPP RAN specifications thus increase the design cost
4 Conclusions
In this document the analysis of reducing the cost of LTE MTC UEs in Rel 11 has been carried out from RF and baseband aspects.  It is proposed to reduce the cost of the LTE MTC UEs by:
· Reducing the bandwidth requirement of the LTE UE (bandwidth limited MTC UEs)for MTC from 20MHz to 1.4MHz
· Definition of a lower LTE UE category for LTE UE for MTC
In order to support bandwidth limited MTC UEs, three different solutions are discussed and compared. In order to support bandwidth limited LTE MTC UEs and non-bandwidth limited legacy LTE UEs without special system deployment,   in our view, solution 3 (special DL control design and different PRACH configuration related solution) is the best choice.
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