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1 Introduction
A new study item “Provision of low-cost MTC UEs based on LTE” [1] was approved in RAN#53. The main objective is to understand the feasibility of creating a type of terminal that would permit the cost of terminals tailored for the low-end of the MTC market to be competitive with that of GSM/GPRS terminals targeting the same low-end MTC market. The solution should provide at least the same data rate, coverage, and UE power consumption as existing GSM/GPRS based MTC devices, with significantly improved spectrum efficiency. The solution shall target operation of low-cost MTC UEs and legacy LTE UEs on the same carrier.
The SID also states that the study shall evaluate at least the following aspects:

· Benefit of developing methods for reducing RF component cost in the devices, including (for example) simplifications and reductions in support of bands/RATs/RF chains/antenna ports, transmission power, maximum channel bandwidth less than the maximum specified for respective frequency band, and support of half-duplex FDD mode.

· Benefit of developing methods for reducing the processing in the device, additionally considering baseband-RF conversion aspects, significantly lower peak data rate support, no support of spatial processing mode in uplink/downlink, and reduced radio protocol processing.
· A method to guarantee that any features recommended as part of this study to allow cost reduction, but which also bring a reduction in LTE system performance, shall be restricted to devices which only operate as MTC devices not requiring high data rates and/or low latency, after further careful study.

In this contribution, we first provide a high level overview of MTC applications, and then discuss the potential solutions for low-cost LTE devices for MTC and their specification impact.
2 MTC Applications

MTC applications are growing in popularity and importance. To understand how to efficiently support MTC applications in wireless networks, we first need to understand the use cases and their main characteristics. Some representative MTC applications can be summarized into the following categories [2] [3], but the list is expected to continue to grow.
· Tracking and tracing: fleet management, emergency call, theft/asset/animal tracking, navigation, traffic information, etc.
· Metering: gas, electricity, water, heating, power grid, etc.

· Transaction: point of sales, street parking, vending machine, ticketing machine, etc.
· Remote maintenance/control: vending machine control, sensors, lighting, production machine maintenance, etc.
· Health: monitoring vital signs, remote diagnostics, etc.
· Security: surveillance systems, control of physical access (e.g. to buildings), car/driver security, etc.

These applications have different characteristics and requirements in terms of transaction size, data rate, transaction frequency, delay tolerance, mobility, and power consumption. For applications with large transaction size and high data rate requirements, the current LTE Release 8-10 specifications can support them quite efficiently. So there is no obvious need for further optimization. On the other hand, for other applications with small transaction size and/or low data rate requirements, it is worth considering whether the LTE Release 8-10 specifications are over-designed, thus potentially having room for further simplification and cost reduction. These applications are well aligned with the objective of this SI.
3 Potential Solutions
As stated in [1], the objective of this SI is to support the same data rates as that supported by GSM/GPRS based MTC applications (118.4 kbps in DL and 59.2 kbps in UL), although higher data rates are not precluded. This low data rate property potentially allows MTC UEs to support less functionality with reduced complexity, thus reducing the UE cost. A few possible RAN1-related considerations and the impact on specifications are discussed in this section.
1. Reduction in the number of antenna ports/RF chains

To support the low data rates required by MTC, there is essentially no need for MIMO transmission in DL or UL. In UL, MTC UEs need to support single-antenna transmission only. In DL, this means that MTC UEs do not need to support MIMO reception. Since the SI aims to provide at least the same coverage to the low-cost MTC UEs as the GSM/GPRS based MTC UEs or the regular LTE UEs, whether a single receive antenna is sufficient would need to be investigated. Link budget analysis should be performed to determine the coverage impact, and the broadcast channel decoding performance should be checked. The reduction in spectrum efficiency resulting from a single receive antenna should also be taken into consideration.
The lack of MIMO functionality is aligned with the capability of UE category 1. Therefore, no new UE category needs to be defined for this purpose, and no specification impact is involved.
Besides the cost saving associated with fewer antennas ports/RF chains, UEs without MIMO support are also less costly from processing and memory perspective.

2. Significantly lower peak rate support (and lower MCS/modulation support)
With the extremely low data rate requirements given in the SID, the MTC UEs can be tailored to support only the peak rates required by MTC applications. The UE category 1 supports the peak rates of 10 Mbps in DL and 5 Mbps in UL, which are still much higher than those required by MTC. If the supported peak rates for MTC UEs are further reduced, the maximum number of transport block bits transmitted/received within a TTI and the total number of soft channel bits become even smaller. The lower peak rate would likely result in less number of MCS to be supported, and possibly lower-order modulation support. This can save UE cost due to less demand in processing power and memory. However, by definition this would have the effect of creating a new UE category.
3. Less blind decodings on PDCCH

If the peak rate support on the shared channels is significantly reduced, the processing power needed for the significant number of blind decodings on PDCCH could become a relatively large proportion of the total UE processing. This can become a motivation to reduce the required number of blind decodings for low-cost MTC UEs. However, this would require specification changes related to the physical layer procedure on the search space, as well as potentially impacting scheduling flexibility, and should therefore be avoided if possible.
4. Half-duplex FDD mode

Half-duplex FDD mode is already supported by the Release 8-10 LTE specifications. Therefore this option has no specification impact and should be taken into account when assessing the cost of MTC devices.

5. Lower bandwidth support

Reducing the bandwidth that an MTC UE is required to support (i.e. to support a bandwidth below the deployed system bandwidth) could be considered as a way to reduce RF component cost. However, this kind of bandwidth scalability is not currently supported by LTE Release 8-10.

On the UL, the frequency location of PRACH can be configured by the eNB properly to support lower bandwidth UEs. For PUCCH, although the common practice is that PUCCH lies on the edge of the system bandwidth, this does not have to be the case. The eNB could configure PUCCH to be located within the bandwidth supported by MTC UEs. It may result in some fragmentation of UL bandwidth for PUSCH, but this issue can be solved by eNB implementation, possibly with some performance degradation.

Among the DL signaling/control channels, PSS/SSS/PBCH are transmitted in the innermost 1.08MHz bandwidth, thus presenting no issues for UEs with lower bandwidth support. The PRB locations of SIB and paging messages are controlled by the eNB, and the eNB can intentionally schedule these messages within the lower bandwidth. The major concern lies in PCFICH/PHICH/PDCCH. Because PCFICH/PHICH/PDCCH are distributed across the entire bandwidth, they cannot be correctly received by UEs only supporting lower bandwidth. If lower bandwidth MTC UEs are to be supported, a new structure would need to be defined for these channels.
For PDCCH, E-PDCCH is currently under extensive discussions in Rel-11 and is a potential solution. If E-PDCCH supports localized PDCCH, the UE-specific DCI messages for the MTC UEs can be sent within the bandwidth supported by the UEs. Another common search space would also need to be defined for these MTC UEs, so that the system messages, paging messages and RACH procedure can be supported. This would mean that these DCI messages may need duplicate transmissions in both the legacy common search space and the new common search space defined for MTC UEs.
In any case, redesign of PCFICH/PHICH/PDCCH to support the lower bandwidth UEs will result in significant impact on specifications. Therefore the pros and cons need to be carefully evaluated.
Another potential option to get around the new PCFICH/PHICH/PDCCH design is to use carrier aggregation to split the system bandwidth and introduce a low bandwidth carrier. The low bandwidth carrier would have the same bandwidth as what the MTC UEs support, so that no new channel design is needed. All MTC UEs would be served by this carrier. Non-MTC UEs can use carrier aggregation to take advantage of the other carrier(s) on the rest of the bandwidth. Additional carrier types [4] may become beneficial because it can potentially improve the system efficiency by treating the two adjacent carriers as a single contiguous set of RBs for the non-MTC UEs.
6. Application-specific simplifications
MTC devices could be simplified for specific applications. Some MTC applications, such as autonomous metering reporting, use mainly UL transmission. The antenna design, RF transceiver and baseband processor in this type of MTC devices could be simplified to reduce the cost in a significant way. Some other MTC applications, such as local information download, require mainly DL transmission. This type of MTC devices could be simplified with minimum UL transmission capability to reach the goal of cost reduction.   

A few areas that could also be investigated by RAN1 include no HARQ support or less retransmissions, and no TTI bundling support. Note that these options have coverage implication, which needs further analysis. Other areas out of RAN1 scope include reduction in support of bands and RATs, and reduction in transmission power. These options can be treated and evaluated in RAN4.
4 Conclusion
In this contribution, we provided an overview of MTC applications and discussed the following potential options for low-cost MTC UEs and the corresponding specification impact:
· Reduction in the number of antenna ports/RF chains

· Significantly lower peak rate support (and lower MCS/modulation support)

· Half-duplex FDD mode should be assumed
· Lower bandwidth support

· Application-specific simplifications
All these options can potentially reduce the UE cost. However, how much cost reduction each option provides still needs further investigation. The tradeoff between cost reduction and the specification impact/performance impact /complexity involved also needs to be carefully analyzed.
Introducing UEs with different capabilities will result in market segmentation. If MTC UEs are designed and manufactured as a separate type of UEs, they may not enjoy the cost benefit that results from the economies of scale brought by the massive deployment of regular LTE UEs. When evaluating cost reduction of different options, market segmentation should also be considered.
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