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1. Introduction

Reduction of maximum bandwidth can allow for cost reduction for low-rate MTC UE [1].  Baseband cost can be significantly reduced due to reduction of peak rates and supported bandwidths.  Similar cost saving can be achieved as with peak data rate reduction only or allowing single receive antenna UEs [3]
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[4].  It is expected that MTC coverage will be only slightly impacted and whereas the effect on (PDCCH) capacity is depending on the final downlink control channel design.  However, significant specification changes may have to be introduced to support this feature.  These changes should be carefully considered before deciding whether to adopt this technique.
2. Summary of Analysis
Table 1 - Table 2 summarizes key points from reduction of the maximum supported bandwidth at the UE.  Compared to a reference Category 1 UE, power consumption in the baseband modules should be reduced due to lower processing requirements in the processor, FFT, ADC/DAC, and UL/DL channel processing units as well as raw baseband sample buffering.  From a performance perspective, there should be only minimal or no impact to the coverage given only by the limited frequency diversity.  There may be a impact to capacity depending on how the downlink control information will be transmitted, e.g. if all the MTC terminals would share the same frequency band for PDCCH/PDSCH processing or not.  
Table 1.  Performance summary of reduction of maximum bandwidth.

	Performance Metric
	Evaluation

	Power consumption
	Reduced power consumption.  

	Coverage
	Minor impact.

	Capacity
	Impact depending on required changes to the downlink control channel design.


From a cost saving perspective, it is expected that the saving in the RF will be small, on the order of 1-3%. The majority of the saving is expected to be from the baseband module (e.g. specifically in the processor, FFT, ADC/DAC, UL/DL channel processing units, and memory).  For this analysis, it is assumed that the maximum bandwidth for low-cost MTC UEs is 5MHz which corresponds to UMTS Rel-99 bandwidth.  It is estimated that this can lead to approximately 5-7% cost saving for a reference LTE modem.
Table 2.  Cost summary of reduction of maximum bandwidth.
	Cost Metric
	Evaluation

	Baseband
	Approximately 5-7% cost saving for a reference LTE modem (UE category 1).

	RF
	Approximately 1-3% cost saving for a reference LTE modem (UE category 1).


3. Maximum Bandwidth Reduction
An important requirement for low-cost MTC is that it must support operation of low-cost MTC devices and legacy LTE UEs on the same carrier.  This is especially important so that MTC services can be introduced into existing LTE networks which can support up to 20MHz carrier.  However, this means that if maximum bandwidth reduction to smaller than 20MHz is supported, that either (i) a narrow-band carrier would need to be established in the network or (ii) significant specification changes need to be introduced to allow low-cost MTE devices to operate in system with bandwidth greater than what is supported by the low-cost MTC devices.
In order to establish a narrow-band carrier, carrier aggregation can be used to split larger bandwidth into several smaller carriers.  This approach can lead to reduced performance for Rel-8/9 UEs which are not carrier aggregation capable and therefore can result in a waste of bandwidth.  In addition, it may be costly or infeasible (e.g. from a service or regulatory perspective) to split larger bandwidth on networks that have already been deployed. On the other hand, no specification changes in UL nor DL would be needed to enable this MTC cost saving.
Considering the uplink for the second option, it is possible to provision the bandwidth such that MTC devices can be confined to a portion that is smaller than the system bandwidth.  This can be done with minimal or no change in the physical layer specification.  MTC devices may obtain uplink configuration information from PBCH and related SIBs transmitted on the downlink specifically to support MTC services. The PRACH can be configured such that it resides in the bandwidth accessible by MTC devices.  Some scheduling changes will be needed (e.g. separate scheduling for MTC and non-MTC regions) and resource fragmentation may increase (e.g. if MTC region breaks up contiguous PUSCH bandwidth).  This can increase eNB complexity somewhat.  Control overhead may increase as well since MTC will require its own PUCCH region.
In the downlink, several options for supporting lower-bandwidth MTC devices have been as summarized in [2] and some are briefly discussed below –

· Use E-PDCCH.  In this case, E-PDCCH will be designed to support low-cost MTC devices which may increase the number of supported mode.  In addition, the issue of PHICH and PCFICH reception of the MTC UE on the wideband carrier still needs to be addressed.
· A separate control region contained within the MTC carrier region.  
It is apparent that rather fundamental specification changes will be required in some of the above approaches to enable a narrow-band low-cost MTC UE to operate on a wide(r) band carrier.  These potential changes should be carefully considered before deciding whether to adopt this technique.
4. Cost Analysis 

With the reduction in the maximum bandwidth, potential cost reduction on both the RF and baseband modules are possible.  On the RF module, it may be possible to use front-end modules that are designed for smaller bandwidth.  However, this may not result in any saving considering that these modules comprise only a small fraction of the RF module.  It is estimated that the saving in the RF will be approximately only 1-3% cost saving for a reference LTE modem. 
The majority of the saving is expected to be from the baseband module similar to peak rate reduction [3] or single RF receiver antenna [4].  In this case, lower-cost processor, FFT, ADC/DAC, UL/DL channel processing units, and memory can be used.  The degree of saving, of course, depends on the maximum bandwidth to be supported.  For this analysis, it is assumed that the maximum bandwidth for low-cost MTC UEs is 5MHz which corresponds to UMTS Rel-99 bandwidth. It is estimated that this can lead to approximately 5-7% cost saving for a reference LTE modem.    

Note that cost reduction depends on what is the maximum bandwidth that will be supported for MTC devices.  For instance, decreasing the maximum bandwidth from 5MHz to 1.4MHz can provide additional saving.  However, the additional saving may only be marginal.  On the other hand, the overhead for common and control channels (e.g. PRACH, PBCH, and PUCCH) generally decreases with the system bandwidth.  As the downlink control channel capacity might become a limiting factor for MTC operation, the narrowband operation could create control channel limitations. In addition, it is more efficient and less complicated to support one larger bandwidth than multiple smaller bandwidths (e.g. one 5MHz carrier instead of three 1.4 MHz carriers).  Therefore, it may be prudent to allow MTC devices to support multiple bandwidths (e.g. up to 5MHz) if a narrowband UE category is to be envisioned. 
5. Conclusion
It is estimated that the reduction in the maximum bandwidth from 20MHz to 5MHz can lead to approximately 6-10% cost saving for a reference LTE modem.  There should be minimal impact to the coverage. The impact on (especially control channel) capacity is very much depending on the chosen solution for narrow-band MTC coexistence on a wideband carrier.  Moreover, significant specification changes may have to be introduced to support this feature.
Recommendation: Maximum bandwidth reduction provides moderate cost reduction.  However, signification specification changes have to be introduced and their impacts should be carefully considered before this technique is adopted.
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