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1 Introduction

The Study Item of Provision of low-end MTC UEs based on LTE was approved in RAN#53 [1]. The major motivation is to provide comparably-priced LTE devices that enable the migration of M2M traffic, which is usually low data rate, from GSM to LTE. As a result, the operator can minimize the number of RATs. 

This contribution discusses the application scenarios, costs, and working scope of the SI. 

2 Application scenarios of the low-cost MTC
Among the many possible scenarios for M2M communication technologies, the following are chosen as examples [2]: 

· Smart metering and environment monitoring – use cases of industrial, environmental, energy, and other types of monitoring. The smart metering is driven partly by government initiatives to reduce carbon emissions. The applications for wireless sensors range from monitoring environmental conditions, such as temperature, to security.

· Intelligent Transport System (ITS) and logistics – communication of vehicles and transport infrastructure with ITS application servers, which control parameters such as transportation time, traffic collision avoidance, on-board safety, fuel consumption, etc. 

· Consumer electronic and medical devices – relationships between electronic equipment intended for everyday use, such as communications, entertainment, office productivity and medical devices, can be established through M2M communications. 

Table 1 summarizes some key characteristics of the scenarios. Typical traffic from an MTC device is featured as low duty cycle (possibly periodic or random) and small data (<100 bytes). Another significant feature is that multiple MTC devices could be synchronized to an event or a command in some applications. Though typical MTC applications are low mobility, other applications (e.g., fleet management) involve high speed scenarios. Usually, unlike traditional human-to-human services, there is more uplink traffic than downlink traffic. In other words, the bottleneck of data rate is not the downlink but the uplink. 
Table 1. Applications for low-cost MTC based on LTE.
	
	Indoor scenarios 
	Outdoor scenarios 

	Applications
	Smart metering, smart home, healthcare, environment monitor
	Mobile payment, environment monitor, ITS

	Where
	Home, enterprise, mall 
	Building, road, open country

	Mobility
	Stationary or low speed 
	Stationary or low speed, some are high mobility (e.g., ITS)

	Nodes (per cell)
	< 100 (typical)
	Maximal 40,000 [2]

	Coverage
	< 100 m (hot spot)
	Typical cell size for seamless coverage

	Data rate
	< 200kbps or more if access through gateway
	< 200kbps

	End-end delay
	1s or more 
	0.5s or more

	Spectrum
	Independent spectrum (e.g., indoor TDD spectrum, under-developed TDD spectrum, FDD fragmented spectrum) or legacy FDD/TDD spectrum


There could be two different types of connections for low-cost LTE. 

· Direct access is used to connect MTC devices and base stations directly if the UEs are distributed in a wide area or have high mobility. There could be a large number of low-cost MTC devices in a cell [2]. This type of connection typically does not require large bandwidths. Note that in Table 1, direct access is assumed for the number of nodes and data rates.
· Access through gateway is used to connect a capillary network with specific capabilities and air interface (e.g., ZigBee, WiFi or low-cost LTE) to serve as data relay or data concentrator. If a low-cost LTE were used as a gateway technology, the uplink should support the aggregated data rate, which can need a larger BW compared with the direct access connection. For example, in a smart metering application there may typically be 10 devices per concentrator [2]. 
3 Approaches to lower the cost of LTE 

Regarding the cost of LTE, the volume of products will be the primary reason. The impact of volume can be seen in two possible ways depending how low-cost MTC is developed. First, if low-cost MTC were very similar to mainline LTE and included in LTE chipsets, MTC has the benefit of the volume of LTE. Second, a low-cost MTC based on LTE could have significantly lower cost than mainline LTE. Although it would not have the volume benefit of LTE, the volume of MTC devices could be even larger due to a potentially greater number of supported MTC applications and scenarios. 

As projected by Juniper Research, the number of wireless M2M embedded devices is expected to be almost 412 million by 2014 [3]. This growth requires LTE-based low-cost MTC should be a technology as general as possible for deeper market penetration, with the low-cost MTC capability covering most of the existing MTC applications.
From a technical point of view, less complexity could lower the cost if extra R&D is not taken into consideration. The following sections discuss how to reduce the complexity of LTE in terms of RF and baseband processing.
3.1 RF consideration
The RF costs include power amplifiers, filters, and the number of transmit/receive radio chains. 

· The cost of the power amplifiers could be reduced by minimizing the maximum transmit power However, a lower maximum transmit power would impact the uplink coverage. Though it could be improved by the use of relays [4], relays also increases network complexity in terms of organization, interference and management in the macro cell. Reduced maximum transmit power is thus not recommended. Compared with linearity, the bandwidth of the power amplifier and low noise amplifiers (for the receiver) is not a significant factor of the cost. 

· The LTE cost increases with the number of transmit/receive radio chains in term of higher processing capability and storage (memory) capability. From a cost perspective, MIMO techniques and UE transmit/receive diversity are considered to be undesirable. 
3.2 Baseband processing consideration 

Baseband processing is usually implemented by some combination of ASICs, DSPs, and FPGAs. As shown in [5], the transmit complexity is about 1/10th or less of the reception complexity. The bottleneck for baseband processing could therefore mainly be at the reception part, and a small increase in transmit complexity could even be justified in order to improve coverage or have higher data rates in the uplink.  
The following have some significant impact for the receiver complexity at the UE:

· Channel estimation/equalization and decoding (e.g., MMSE, FFT, subframe buffering): The complexity of channel estimation/equalization, which is a significant proportion of the overall baseband complexity, is related to the maximum bandwidth of supported channels and data rate (the number RBs needed to be processed and the MCS). The complexity of the turbo decoder is related with the size of the code block and therefore the data rate. A narrow bandwidth and low data rate would therefore reduce the processing and memory complexity.
· PDCCH blind decoding: Blind decoding of a connected MTC device must support multiple PDCCHs formats, which can be as much as 44 per current LTE specifications. For normal UEs, the PDCCH processing (Viterbi decoding, etc.) must meet the peak requirement. This could be another significant proportion of the overall baseband complexity. However, low duty cycle and low rate MTC traffic, fewer PDCCH formats, and smaller bandwidths for PDCCH could reduce the PDCCH processing requirement. 
· MIMO: MIMO is a technique to improve spectrum efficiency and coverage by fully exploiting spatial characteristics of multiple antenna channels. MIMO typically involves the channel information measurement and reporting, multiple transmit/receive RF chains, and the processing of multiple data streams, all of which will increase the baseband processing complexity. 

· Transmission modes down-selection: Low-data rate MTC applications may not need the flexibility of all transmission modes. Reducing the number of transmission modes can directly reduce complexity.
The complexity of upper layer protocol for LTE could be reduced in the following areas:
· HARQ simplification: Although HARQ increases spectral efficiency, it adds complexity to the MAC and RLC layers and requires more memory to buffer interim data and higher processing capability in baseband. Reducing the number of HARQ processes could achieve twin benefits. 
· Signaling reduction: Reduction in signaling between UE and base station may simplify device processing and increase the number of low duty cycle MTC devices in a cell. It could also reduce power consumption of MTC device [1]. New scheduling algorithms for large numbers of MTC devices with small amount of data can be considered to improve the resource efficiency
From the above analysis, the bandwidth, MIMO support, and the PDCCH decoding load are key factors should be considered to reduce the complexity of LTE UE. However, it should be noted that, under the same conditions, the reception complexity is typically greater than transmit [5]. Therefore, the uplink of low cost LTE could have wider bandwidth and higher data rates than those of downlink with consideration of heavier uplink MTC traffic.
4 Conclusion

This analysis presented several aspects of the standards aspects that may have significant UE cost impact. These include: 

· Reduction in supported bandwidth for the low-cost LTE: The low cost of 1.4 MHz (6 RB) downlink bandwidth could cover most application scenarios of MTC. However, 3 MHz (15 RB) or 5 MHz (25 RB) could be considered given that the complexity does not increase much. Given that the uplink may have a larger requirement for MTC services, the possibility of reduced transmit power, and small baseband complexity (relative to downlink reception), any reduction in minimum transmission bandwidth in the UE should be carefully justified. 

· Modified PDCCH related design for the low-cost LTE to simplify the PDCCH blind decoding and give efficient channel access for a large number of MTC devices. A reduction in maximum bandwidth (e.g., 1.4MHz) decreases PDCCH blind decoding naturally. 
· Protocol simplification including HARQ consideration, MAC, RLC and RRC protocol and Signaling reduction between low duty cycle MTC devices and the base station. 

· Transmission modes down-selection to maintain coverage and balance complexity. 

Some of the listed work should be led by RAN1 and some by RAN2. 

It may be more important to consider minimum UE reception bandwidth than the minimum UE transmission bandwidth. Having different minimum reception and transmission bandwidths for the UE would not necessitate an actual asymmetric deployment.

In addition, we can see from the above modifications that it may be possible to have low-cost MTC UEs based on LTE supported in the 3GPP specifications with a low-cost MTC UE category and/or UE capability parameter(s).

Finally, the coexistence of legacy LTE and low-cost LTE devices is important and should be studied. It is difficult to efficiently obtain independent spectrum for low-cost LTE, therefore low-cost MTC’s UE must coexist with legacy LTE UE in the same carrier without major changes in the legacy LTE eNB and reduction of spectral efficiency in the whole LTE system. The coexistence solutions include resource partitioning, overload control of low-cost LTE, etc. However, the future development of a dedicated MTC carrier should not be precluded and all of the above analysis applies in this case.
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