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1   Introduction
RANP#53 approved a SI to study LTE-based low-cost MTC UEs [1]. Subsequently RAN1 agreed a TP for Traffic model/characteristics for MTC ([7]), a TP for Low-cost MTC UE evaluation methodology ([6]) and also a TP describing concepts that may provide cost savings ([4]). In this document, we discuss some aspects to consider with respect to the impact of some of the factors that may lead to lower cost ([2][3][4][5]). 
2   Discussion
RAN1 agreed to an LTE UE Category 1, single RAT, single band, 20 MHz as the reference LTE modem for cost and performance analysis. The following aspects were identified as concepts that may provide cost savings/benefits [4]: reduction of peak rate, half duplex operation, reduction of transmit power, single receive antenna, and reduction of maximum bandwidth. 

Reduction of Peak rate 
Peak rate reduction provides reduced baseband hardware and processing complexity (e.g. turbo decoder, HARQ memory, reduced MIMO processing, Modulation limitation to QPSK, etc.). The SI proposes to study low-cost MTC LTE UE supporting data rates equivalent to EGPRS with 118.2 kbps in DL, and 59.2 kbps in UL (with a total of 3 active time slots). These targeted data rates are approximately two orders of magnitude smaller than those supported by LTE Category 1 (i.e. with peak 10 Mbps DL, 5 Mbps UL). Thus, at least one new UE category may need to be defined to address such reduced data rates. Depending on the other cost reduction choices such as HD-FDD, max TBS supported, etc.), the sustained data rate has to be translated to a corresponding peak data rate for both DL and UL. 

Note however, such a UE would require design of new system information (or system access) signalling as it may not be able to receive or decode legacy broadcast information (SIBs, Paging, or RAR), etc. With the current LTE signalling, the maximum number of transport block bits within a TTI corresponding to an SI/P/ RA-RNTI is ~2216 bits (e.g. DCI 1A, with SI/P/RA-RNTI), implying a corresponding DL data rate of ~ 2.2 Mbps, i.e. there may be a possibility to define another UE category with lower peak rate (than Cat 1) that may be able to work with legacy broadcast signalling. In any event, it is desirable to minimize the number of UE categories defined specifically to support MTC. 

HD-FDD Mode
Given the MTC UE’s low-data rate and tolerant latency requirements, Half Duplex FDD operation may be sufficient.  While providing hardware cost reduction (avoiding duplexer and associated RF loss, etc), the HD-FDD operating mode for MTC may reduce the amount of standards change (specified since Rel-8) as the eNB scheduler may be able to efficiently serve the HD-FDD UEs without any overall system impact. HD-FDD operation is already supported in LTE specification and any further additional changes (e.g. to support new UE Category for MTC, etc.) can be investigated. The need for relaxed guard period to transition from DL-to-UL and vice versa also needs further investigation such as one slot or one subframe relaxed switching time  e.g. if the UE is scheduled only via single DL HARQ and single UL HARQ process with existing HARQ timing (n/n+4).
Reduction of transmit power:

The reduction of transmit power leads to degradation in UL coverage which already seems to be the bottleneck given the link budget evaluations done for a separate SI for UL VoIP enhancements [8]. Thus, the transmit power reduction may require additional UL enhancements for MTC such as longer TTI bundle size, A/N repetition, etc.

Reduction of number of Receive Antennas
Reducing number of receive antennas does not have any impact on the layer 1 specification and hence quite attractive from a cost-savings perspective, but it affects the link budget on the DL. Also, performance requirements defined in RAN4 are based on dual-antenna receivers (may not be an issue if a new UE category is defined for MTC). There may be possibility to improve DL coverage, but it may require considerable specification changes (e.g. Longer TTI durations with control channel repetition can improve the link budget). 
Reduction of maximum bandwidth   

The reduction in maximum bandwidth allows reduced processing and complexity in baseband due to reduced FFT size, smaller receive buffer, etc. However, new initial system access signalling is required if the MTC UE bandwidth is reduced. If the MTC UE bandwidth is made extremely small (e.g. 6 RBs or less), then the MTCs cannot take advantage of the existing economies of scale (with regular LTE UEs or HSPA (5 MHz)), but there will perhaps be a separate economy of scale for MTC. On the other hand, the cost savings may be sufficient with moderate bandwidth reduction (e.g. 20 MHz → 10 MHz or 5 MHz) and this can be combined with other cost saving methods such as HD-FDD mode and new low-data rate UE category definition. Note also that RF filtering for 5MHz and below tends to be more expensive unless higher ADC sampling rates corresponding to 10 or 20MHz LTE bandwidth are used in order to relax the RF filtering requirements.

3   Conclusions
In summary, our view is that the reduction in peak data rate (i.e. define a new UE category) and HD-FDD operation seem quite attractive as they can be achieved with little standards/legacy system impact. We think transmit power reduction or reducing the number of receive antennas has impact on the link budget and that needs to be investigated vis-à-vis the possible standards changes necessary to recover from the loss. Finally, we think that MTC bandwidth reduction, while providing cost benefits due to smaller processing complexity, may be able to benefit from existing economies of scale (with LTE/HSPA) with low-to-moderate bandwidth reduction e.g. 20 to 10 MHz or 5 MHz. Supporting extremely small MTC bandwidths (e.g. less than 5 MHz) has to be carefully investigated to determine the impact on required standards changes, system changes, and system efficiency.
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