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Discussion
1 Introduction

3GPP are putting significant effort into the study of network and system improvements for MTC devices [1]. Amongst other things, the studies prioritised by SA include consideration of the impacts on the network of the existence of large numbers of LTE MTC UEs. However, we consider that there will only be large populations of LTE MTC UEs if LTE MTC UEs are competitive in terms of cost / complexity. These aspects should be considered by RAN working groups in order to make 3GPP, and in particular LTE, an attractive platform for the deployment of large numbers of MTC devices.
At the last RAN plenary meeting Vodafone presented a paper [2] which suggested that the 3GPP RAN groups should consider prioritising work on low complexity LTE MTC devices.  A decision on whether to initiate work on such an activity was deferred until the next RAN plenary meeting pending the completion of discussions in SA.  In addition it was decided to use the period between the last RAN plenary meeting and the forthcoming RAN plenary meeting to discuss any changes to the scope of the MTC work within RAN.  In our view, ongoing work within RAN on the MTC topic should include consideration of any changes necessary to enable support for low complexity MTC devices.    
This document provides details of the expected impacts on the RAN for the support of low complexity MTC devices.  Many of the described impacts are specific to the physical layer, however, these impacts have also been included in this document for presentation to RAN2 since RAN2 is the lead RAN group for the MTC study item.  It is intended that the issues raised by the document will be presented more widely to both RAN plenary and other relevant RAN working groups in due course.
2 Aspects of Low Complexity MTC Devices
2.1 Elements of an MTC UE

LTE provides a high bandwidth, low latency communications link. This link is well suited to high-end mobile phones or data dongles. For these types of device, large amounts of data may be transmitted: typical data types carried could be files (photos, documents etc.) or streaming services (video, internet radio etc.).

A high end mobile phone consists of many components such as high resolution displays, keyboards, application processors, application memory as well baseband processing and RF components. The LTE baseband processing circuits and RF components may be a relatively small overall constituent of the overall cost of the device. We consider that such devices are well catered for by existing LTE specifications.
In comparison, a data dongle (such as a USB stick) mainly consists of a baseband processing circuit and RF components (the main application of the data dongle is to communicate data from the internet to PC-type applications residing on a host PC that the dongle is connected to. The value of the dongle lies in its ability to communicate large amounts of data at high speed with low latency. For such devices, the baseband processing circuits and RF components are high value  parts of the overall device. LTE is a good technology for supporting dongle-type devices.

In contrast to high end mobile phones and data dongles, there are many potential MTC communications devices that have low data rate requirements and would not comprise features such as screens or keyboards. For such devices, the cost of the communication modem is the main cost of the device and this cost is potentially the most significant cost component of the whole device. In order to make LTE suitable for such devices, the complexity (and cost) of the LTE device needs to be reduced such that the LTE device is competitive with other competing technologies.
In the following subsections, this document focuses on how the complexity and cost of LTE MTC devices may be reduced.
2.2 RF aspects

Elements of RF cost include the power amplifiers, low noise amplifiers, filters and number of transmit and receive radio chains.
The cost of the power amplifiers could potentially be reduced if the maximum transmit power requirements of MTC devices were reduced. Reducing the transmit power requirements would impact the uplink coverage of MTC devices in coverage limited scenarios. Uplink coverage for low transmit power MTC devices could be improved by the use of relays. 

Many MTC devices may be stationary (examples include vending machines, smart meters, electricity charging stations for electric vehicles etc.). These stationary devices may be connected to mains electricity, yet still communicate using wireless communications technology (potentially LTE). These stationary devices may be well suited to act as relays. These stationary devices that act as relays may then support the deployment of low power MTC devices (since there may potentially be a large number of stationary MTC devices that are able to communicate with the low power MTC devices).

The bandwidth capability of power amplifiers and low noise amplifiers is not considered to be a significant component of MTC device cost. However baseband processing may be simplified with a bandwidth reduction: section 2.3 considers this aspect.

Device cost is increased when the device has more than one transmit radio chain and / or more than one receive radio chain. Hence techniques such as MIMO, UE transmit diversity and UE receive diversity are considered to be undesirable for low cost MTC devices. 

2.3 Baseband aspects

The following functions within the UE have some significant impacts on UE complexity:
· Turbo decoding. 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. Reducing the number of HARQ processes that the UE supports may also reduce protocol complexity.
· Front end signal processing (MMSE detector / equalization, FFT, subframe buffering). These front end signal processing functions are a significant proportion of the overall baseband complexity for a category 1 UE and would be an even bigger proportion of the baseband complexity of a sub-1Mbps class (e.g. 100kbps) LTE MTC UE. The complexity of these functions could be reduced by reducing the minimum bandwidth requirement of the LTE MTC UE. Such low bandwidth LTE MTC UE devices should be able to coexist with Release 8 LTE devices in a network.

· Channel estimation. The complexity of the channel estimation function is related to the bandwidth of the channel to be estimated (the channel has to be estimated for fewer subcarriers in a low bandwidth LTE system). Reducing the minimum bandwidth requirement of the LTE MTC UE will again reduce its complexity.
· MIMO. Features such as MIMO increase the baseband processing requirements of UEs. MIMO requires the support of at least two receive RF chains. An LTE MTC UE should thus not be required to support features such as MIMO in order to reduce both baseband and RF complexity.

· PDCCH blind decoding. Current LTE specifications require the UE to blindly decode multiple PDCCHs. The PDCCH processing requirements (Viterbi decoding etc.) for a 100kbps LTE MTC UE may be greater than the DL-SCH Turbo decoding requirements. It would seem to be sensible for the MTC devices’s control channel processing requirements to not be greater than the data channel’s processing requirements. Optimisations of PDCCH processing could achieve the twin benefits of reducing LTE MTC UE device complexity and being able to support a larger number of MTC devices per cell.
It appears that in addition to reducing the data rate capability of an MTC device, it is also necessary to reduce the bandwidth capability and the PDCCH decoding load of the device. It does not seem appropriate to require a 100kbps device to be able to operate over a 20MHz bandwidth. Neither does it seem appropriate for a low capability device to have to assign more processing resource to the decoding of the control channels than to the decoding of the data channel.

2.4 Protocol and memory aspects

The complexity of LTE protocol processing for LTE MTC UEs could be reduced in the following areas:

· Processing complexity. The overall processing complexity (in terms of the ability to transfer data across system buses and between memory banks) is reduced when a lower LTE MTC UE category is defined (e.g. via the introduction of a 100kbps category).

· Protocol simplification. As discussed in section 2.3, reduction of the number of HARQ processes will reduce the HARQ buffer memory requirements of the device. Reduction of the number of HARQ processes may also allow for protocol simplification (potentially at the MAC and RLC layers). RAN2 should study which minimum set of protocol features are required for the support of LTE MTC UEs.
· Signalling reduction. Device processing may be simplified if the amount of signaling is reduced for MTC devices. Reduction in the amount of signaling may have a beneficial side effect in allowing more MTC devices to be supported. It seems appropriate that the signaling processing requirements of a low cost MTC UE should be less than the requirements for processing the higher layer data. We believe that RAN2 should study whether RRC signaling can be reduced for low complexity LTE MTC UEs. RAN2 or RAN1 may need to study whether the PDCCH signaling requirements of current LTE releases are appropriate for low complexity LTE MTC UEs.
3 Conclusions
This document discusses how LTE device complexity may be reduced in order to make LTE an attractive technology for implementation in a broad range of MTC device types.
Areas that should be studied for LTE device complexity reduction include:

· UE category reduction. It would be desirable to support sub-1Mbps UE categories.

· Reduction in minimum UE bandwidth requirement. It would be desirable to support bandwidths significantly less than 20MHz (e.g. 1.4MHz or 5MHz). Such low bandwidth devices should be able to coexist with higher bandwidth devices.

· Protocol simplification, including consideration of HARQ processing, MAC, RLC and RRC protocols.

· Enhanced support for low power devices through use of relays.

We consider that the support of such low capability / low complexity LTE MTC UEs is a necessary precondition in order for some of the prioritised SIMTC studies [3] to be useful, most notably the study into how to effectively maintain connectivity for large numbers of MTC devices or within RAN, studies into RAN overload impacts.  This is because there are unlikely to be large numbers of MTC devices if the costs of such devices cannot be made sufficiently low.
It is proposed that in its ongoing MTC work, the RAN groups should prioritise work investigating support for low complexity MTC devices. 
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