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1. Introduction

In RAN1#68, reduction of bandwidth for low-cost MTC devices was considered.  Two main approaches were discussed – baseband+RF and baseband only reduction.  This contribution analyzes the two approaches with respect to performance and specification impact.
2. Bandwidth Reduction
RF + Baseband:

In this case, both RF and baseband can only operate on a smaller bandwidth which may be less than the system bandwidth. Several solutions for supporting this scenario have been as shown in [5]
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[6]
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[7].  In general, the solutions involving either defining narrow-band control channels or using the ePDCCH.  Additional common control signalling such as MIB, SIBs, and paging, must also be defined specifically for MTC services.  Changes may also be made to how the UE receives the CRS.  These solutions require extensive changes to the specifications and present significant implementation challenges.
Bandwidth restriction can also result in performance loss as shown in [4] due to loss of frequency diversity and increase in overhead.  In addition, the additional narrow-band control channels or ePDCCH can severely degrade system capacity.  For example, regular PDCCH + narrow-band PDCCH may take away 6 of the 14 available OFDM symbols.  Similarly, each ePDCCH region takes away at least 1 PRB pair from data bandwidth (17% overhead per PRB pair at BW of 6 RBs).  It is seen that performance will be severely degraded with RF and baseband reduction.  
Using this approach, potential cost reduction on both the RF and baseband modules are possible. However, analysis shows that the majority of the saving is due to baseband and not the RF [1][2]
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[3].  The expected saving from the RF portion is quite small - estimated to 5% of the total RF costs, or 2% of the total modem cost (RF + baseband).
Due to the extensive changes required to the specifications, performance loss, and minimal cost saving, it is recommended that RF + baseband bandwidth reduction is not supported.
Baseband only:

In this case, the RF is able to operate on the full system bandwidth while the baseband sees a reduction in bandwidth capability.  Normal reception of the control channels (PDCCH/PHICH/PCFICH) are generally assumed to be supported and no change is required in this regard. For the data channels, however, the useable bandwidth is restricted.    
The majority of the saving from the baseband module is due to lower-cost components such as processor, FFT, ADC/DAC, UL/DL channel processing units, and memory.  The degree of saving, of course, depends on the maximum bandwidth to be supported.  The expected saving is estimated to 15-30% of the total baseband costs, or 9-18% of the total modem cost (RF + baseband) when the baseband bandwidth is reduced to 5MHz.  
Baseband only bandwidth reduction can be viewed in the same category as maximum resource block restriction from a scheduling perspective.  However, additional restrictions may be placed beyond just simple maximum RB restriction.  For example, frequency diversity may not be supported (either within the slot or across slot).  The UE may also be restricted to a frequency range if RF turning is semi-static.  In [4], it is shown that maximum RB restricts is not the most effective technique for baseband cost reduction.  For the same cost saving, TBS restriction provides better performance and implementation flexibility.  From a complexity perspective, TBS restriction should be easier to support, especially given that TBS restriction is already the approach used since Rel-8 to support different UE categories.
Since maximum resource block restriction is not the most effective technique for baseband cost reduction, it is recommended that baseband-only bandwidth reduction is not supported.
3. Conclusion
The following proposals are made regarding bandwidth reduction for low-cost MTC devices –

Proposal 1: RF + baseband bandwidth reduction is not supported due to extensive changes to the specifications, performance loss, and minimal cost saving.  
Proposal 2: Baseband only bandwidth reduction is not the most effective technique from a performance perspective and therefore not supported.
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