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Discussion/Decision
1 Introduction

In RAN#53, a study item on the provision of low-cost MTC UEs based on LTE was approved [1]. The eventual cost of a UE is based on a number of factors. Some of the market factors are beyond the control of 3GPP. What 3GPP can control is the complexity of a UE. Economies of scale are unlikely to reduce the cost of Release 10 devices below the cost that could be achieved with a lower complexity MTC device; due to the greater expected market for MTC devices relative to H2H devices (see Appendix). Since there is a relationship between complexity and cost, it can be stated that reducing complexity facilitates the reduction of UE cost.

This tdoc analyses those potential cost reductions identified in the study item description that will significantly lower the cost of an MTC device, identifying the general specification impacts of those cost reductions. It is found that the greatest cost reduction can be achieved by reducing the maximum bandwidth that the UE needs to decode.
2 Standards impacts of low cost UEs
The low-cost MTC UE SID [1] identifies a number of potential approaches to reducing UE cost for MTC devices; these approaches have been further analyzed in [2]. It may be that there are also other approaches to reducing UE complexity, but this document focuses only on those identified in the SID. These approaches are summarized in the list below:
· minimization of number of RATs

· significantly lower peak data rate support (similar to GPRS-equivalent data rates :~100kbps DL, 50kbps UL)
· reduction in number of bands supported

· reduction in number of RF chains

· reduction in number of antenna ports

· reduction in transmit power

· reduction of maximum channel bandwidth (to less than the maximum specified for the respective frequency band)

· support of half-duplex mode

· reduction of processing in device

· baseband-RF conversion complexity reductions
· no support for spatial processing in uplink / downlink
· reduced radio protocol processing

Table 1 shows how each of these approaches impacts specifications and how significantly they can reduce UE cost.

Table 1 – Specification impact and cost significance of potential cost-reduction approaches
	approach
	specification impact
	WG
	cost significance

	Number of RATs
	Minimal
	-
	Significant. The SI should focus on the cost reduction of the LTE RAT specifically.

	Lower peak rate support
	UE capability issue
	RAN1/2
	HARQ memory is a significant component of the transport channel processing cost component, but TrCH processing is less significant than other complexity aspects [3].

	Reduction in number of bands supported
	Implementation issue unless there is a regional / global harmonization / simplification of bands in which MTC UEs can be supported.
	[RAN4]
	More significant for full-duplex FDD UEs where duplexer cost is a function of the number of bands supported. Less significant for a half-duplex FDD or TDD UE.

	Reduction in number of RF chains
	Effect on performance specs. Coverage improving functions may be required to compensate for loss of DL receive diversity.
	RAN1/4
	Reasonably significant. Reduced RF component cost when there are fewer RF chains.

	Reduction in number of antenna ports
	Similar to the effect of reducing number of RF chains.
	RAN1/4
	Minimal once number of RF chains has been reduced.

	Reduction in transmit power
	A way of improving UL coverage that compensates for the reduction in transmit power would have to be devised.
	RAN1
	Significant component of RF cost.

	Reduction in maximum channel bandwidth
	Coexistence with R10 control channel structures.
	RAN1
	Significant. The bandwidth-related complexity is considered to be significantly greater than the UE’s peak data rate complexity and would be even more significant if the UE’s peak rate capability were reduced.

	Half-duplex FDD mode operation
	Based on a comparison of [4] and the Rel-10 LTE specs, there is some further specification work required to fully support HD-FDD. RAN4 would need to specify band requirements for HD-FDD.
	RAN1/4
	Significant component of RF cost. The RF cost can be significantly reduced by eliminating duplexers and using switches instead. The sensitivity gain from eliminating duplexers could either improve the link budget or facilitate the number of RF chains. The insertion loss improvement from removing a duplexer could either improve the uplink link budget or facilitate de-rating of the UE PA.

	Reduction of processing in device
	Simplification of some of the layer 1 procedures. Some procedures may be optioned out for low cost devices.
	RAN1
	Not that significant from a complexity perspective. It might be found that some layer 1 procedures could be optimized to better support a network serving a lot of low cost devices.

	Baseband-RF conversion
	Minimal. Integration of RF chain is an implementation issue. 
	-
	No major significance. ADC and DAC cost are reduced with a lower maximum bandwidth (and lower sampling rate).

	No support for spatial processing
	Minimal. At most the impact is expected to be the optioning out of some MIMO schemes for MTC.
	-
	Not significant if it is already assumed that the number of RF chains has been reduced.

	Reduced radio protocol processing
	Simplification of MAC and RLC protocols and possibly some layer 1 procedures. 
	RAN2/1
	Reasonable. RAM memory savings may be significant. Much of the processing power of a traditional LTE device (e.g. smartphone) is associated with non-communications functions. A goal might be to be able to implement radio protocol processing on an 8-bit MCU-type device: this could lead to a significant cost saving. 


The cost savings that can be achieved by adopting the approaches listed in Table 1 vary from implementation to implementation. However we have estimated the cost savings that we think could be made based on our experiences of designing baseband chipsets and implementing radio chains. These cost savings are based on a relative complexity analysis of an LTE device [3]. As stated in the study item description sheet, the actual cost of an end product is also dependent on factors outside 3GPP responsibility.
Figure 1 illustrates the potential cost savings that could be achieved by various cost reduction strategies that have standards impacts according to our initial estimates. The baseline from which these cost savings have been derived is an LTE-only single band category 1 UE operating in a 20MHz LTE band. The cost reduced device is assumed to have a throughput of 100kbps (the target in the SID) and a bandwidth of 1.4MHz (this is the lowest carrier bandwidth for LTE). 
According to these estimates, the most significant cost saving is achieved by reducing the maximum bandwidth of the UE. Hence this approach should definitely be studied. Supporting lower peak rates, reducing transmit power and supporting half duplex mode also achieves significant cost savings and we think these too should be studied. 
Some cost savings could also be achieved by reducing layer 1 processing and radio protocol processing. From a standardization point of view, the cost savings that are possible in these two areas may simply amount to optioning out some procedures or reducing protocol parameter sizes. Radio protocol processing cost savings may be achieved either in the user plane or in the control plane. It is expected that more savings could be made in the user-plane than in the control plane, but that consideration of the control plane could improve network performance when there are many low cost LTE MTC devices – as facilitated by this study item. The radio protocol processing cost reduction approach is likely to be more of a RAN2 issue than a RAN1 issue. 
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Figure 1 – Percentage savings from cost reduction strategies
3 Conclusions

This document has studied the standardization impacts and potential cost savings that could be achieved using various cost reduction strategies. 

The greatest cost reduction would be achieved by reducing the maximum channel bandwidth. The main specification impact of this approach would be in dealing with the coexistence of a low cost UE with the Release 8-10 control channel structures.
Significant cost reductions can also be achieved by lowering the peak rate supported (reducing UE capability), reducing the device transmit power and supporting half-duplex mode. 

Other potential methods of reducing UE cost include use of a single RF chain and reduced processing. Use of a single RF chain need not have a significant specification impact and reduction of radio protocol processing may impact RAN2 specifications more than RAN1 specifications.

Proposal

It is proposed that RAN1 should initially prioritize the study of the following methods for cost reducing LTE UEs for MTC communications:

1. Reduction of maximum bandwidth supported.
2. Lowering of peak data rate requirement.
3. Reduction of UE transmit power.
4. Half duplex support.
RAN1 should also note potential cost reductions that could be achieved without impacting RAN1 specifications.

In a later study phase, protocol processing reductions could be considered.
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5 Appendix: Economies of scale

It is predicted that in a number of years time, and within the lifetime of the LTE specifications, the number of MTC devices will significantly exceed the number of human to human (H2H) connected devices. This prediction is at least partly based on the observation that for every human or household there are a number of MTC devices that communicate with servers in the infrastructure: every person lives in a house and houses will have smart meters, many people have cars and cars will have traffic monitoring or road tolling devices, some people’s health will be monitored by eHealth devices, families have children and parents may want to monitor where their children are. Hence for each human there may be multiple associated MTC devices. There are also myriad industrial MTC applications covering industrial, governmental and public safety applications.

There are many good reasons for these MTC devices to be connected via a wireless WAN: not only from the perspective of mobility, but also taking into account other advantages such as ease of deployment, robustness, communications diversity etc. From an industry perspective it is also desirable if MTC devices are connected via a wireless WAN and specifically via LTE. As stated in the justification of the study item [1], it is desirable for these MTC devices to be connected via LTE rather than GPRS.

Based on the observation that the number of MTC devices is expected to be greater than the number of H2H devices (smartphones etc.), it is evident that the economies of scale will in the future be driven by the MTC devices rather than the H2H devices. On the basis of the projection that MTC volumes will ultimately be significantly higher than H2H volumes, the argument that mass production of H2H devices will drive down the cost sufficiently for the MTC market is flawed. If the lower complexity device has a lower complexity starting point and more of those devices are created then the cost of the low complexity device should be lower than that of the lower production volume, higher complexity H2H device. 

Hence it is concluded that lowering the complexity of an LTE device will lead to a lower cost device regardless of the economies of scale of the production of Release 10 LTE devices for smartphones etc. RAN1 thus needs to address the complexity of an LTE device that is used for MTC. 






