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1. Introduction
During the last RAN1 #67 meeting, it was agreed that reduction of maximum bandwidth may provide significant cost saving and was captured as one of the five concepts that may provide significant cost savings in the approved text proposal [1] to TR36.888. In this contribution, the impact on the UE cost by bandwidth reduction is analyzed and several bandwidth reduction solutions are presented.
2. Cost analysis
The cost of MTC devices based on LTE is largely dependent on the cost of LTE modem. It has been agreed in RAN1 #67 meeting that the cost drivers of LTE modem are broadly categorized into two parts, RF components and baseband processing. The ADC/DAC and L2/L3 protocol support are included within the baseband processing category [2]. The cost analysis on RF part and baseband processing is given below respectively.
Based on the above agreements and our investigation, the cost of the RF components including PA, transceiver, switch (TDD), duplexer (FDD), filter and low noise amplifier is not sensitive to bandwidth. Hence, reducing the bandwidth of RF part has little impact on the RF part’s cost. 
For the baseband processing, downlink and uplink are analyzed separately.
For the downlink baseband processing, bandwidth may impact the cost of the baseband processing/components including FFT, ADC/DAC, subframe buffering, channel estimation, equalization, HARQ, channel demodulation, decoding and CQI measurement. Therefore, reducing the bandwidth of downlink baseband processing can greatly reduce the baseband cost. For example, if the bandwidth reduces from 20MHz to 5MHz, the subframe buffering size can be reduced by about 75 percent. 
Different from downlink, uplink baseband processing mainly includes channel mapping, channel coding and channel modulation for the uplink physical channels PUCCH, PUSCH and PRACH. The uplink baseband processing complexity is much lower than downlink. Therefore the uplink baseband processing capability will not be the bottleneck of the UE processing capability. 

Based on the above analysis, we have the following observations.
Observation 1: For LTE UEs, bandwidth reduction has little impact on the cost of RF part but can greatly reduce the complexity/cost of downlink baseband processing.
Observation 2: For LTE UEs, the uplink baseband processing complexity is much lower than downlink.

Accordingly, we have the following proposals.
Proposal 1: For low cost MTC UEs, the bandwidth reduction of RF part and baseband processing can be considered independently.

Proposal 2: For low cost MTC UEs, the bandwidth reduction of downlink and uplink can be considered independently.

3. Solutions for bandwidth reduction
3.1. Solutions for downlink bandwidth reduction

Based on the analysis above, three possible solutions can be considered for downlink bandwidth reduction. 
Solution 1: reducing the bandwidth of both RF and baseband processing
For solution 1, the bandwidth of both RF part and baseband processing are reduced. The most cost reduction can be obtained. However, due to the fact that the legacy downlink control channels including PDCCH, PCFICH and PHICH distribute across the whole system bandwidth, the small bandwidth UE cannot decode the legacy control channels. Redesigning of downlink control channels seems inevitable which would cause a lot of specification modifications. Besides, as analyzed in [3], frequency selectivity gain may be lost if the timing relationship between PDCCH and PDSCH remains unchanged.
Solution 2: only reducing the bandwidth of baseband processing for both control channels and data channel
For solution 2, the bandwidth of the RF part is not reduced. Thus the bandwidth of ADC is not reduced either.  The bandwidth of other baseband processing for both control channels and data channel can be reduced. Since the cost of ADC is also related to bandwidth, solution 2 loses part of the benefits of bandwidth reduction. However, if the UE can change the receiving frequency rapidly, the gain of PDSCH frequency selectivity can be obtained. Because the UE cannot decode the legacy control channels either, redesigning of downlink control channels is still needed.
Solution 3: only reducing the bandwidth of baseband processing for data channel
For solution 3, only the bandwidth of baseband processing for data channel, i.e. PDSCH is reduced. Since this kind of UEs has the ability to decode the legacy downlink control channels, these control channels are reused. It is obvious that solution 3 has the advantage of backward compatibility while the cost may be higher than both solution 1 and solution 2. However, since narrowing the data receiving bandwidth can still reduce the cost/complexity of subframe buffering, channel equalization, HARQ buffer and PDSCH decoding, the cost can still be obviously reduced. 

Proposal 3: It is proposed that the above three solutions to reduce the downlink bandwidth for MTC UE can be considered in RAN1.   

Table 1: Solutions for downlink bandwidth reduction
	Solutions
	Pros
	Cons

	Solution 1
	The most cost reduction
	Loss of frequency selectivity gain

Redesign of downlink control channels

	Solution 2
	Gain of frequency selectivity 
	Redesign of downlink control channels
Less cost reduction than solution 1

	Solution 3
	Reuse of legacy downlink control channels
Gain of frequency selectivity
	Less cost reduction than solution 2


3.2. Solutions for uplink bandwidth reduction

There are three uplink bandwidth reduction candidate solutions as follows considering whether to reduce the bandwidth of RF part and uplink baseband signal or not.
Solution 1: reducing the bandwidth of both RF part and uplink baseband signal 

This solution can achieve the most cost reduction of uplink. The uplink feedback channel can reuse the current design, that is, PUCCH is transmitted at both edges of the MTC UE bandwidth. However, due to the existence of MTC UE’s PUCCH and PUSCH of smaller bandwidth, the whole uplink bandwidth for legacy LTE UE is segmented into several parts, which consequently creates uplink frequency resource fragmentation and reduces the peak rate of legacy LTE UE. In addition, reduction of uplink bandwidth will cause the limitation of PRACH resource in TDD, which will cause higher collision ratio considering the possible large number of MTC UEs.
Solution 2: only reducing the bandwidth of uplink baseband signal
For solution 2, the bandwidth of uplink RF part is not reduced. The bandwidth of DAC is not reduced either. This solution gets less cost reduction than solution 1 and has the same disadvantages as solution 1.

Solution 3: neither the bandwidth of RF part nor the bandwidth of uplink baseband signal is reduced 

For this solution, neither the bandwidth of RF part nor the bandwidth of uplink baseband signal is reduced. Then the uplink baseband signal can be transmitted across the full system bandwidth as legacy LTE UE. The PUCCH channel for MTC UE thus can be well compatible with legacy LTE UE so that uplink resource fragmentation is avoided. In addition, PUSCH transmission can achieve the gain of frequency selectivity. However, compared with solution 1 and solution 2, the bandwidth of DAC and FFT size cannot be reduced for this solution. 

Proposal 4: It is proposed that the above three solutions to reduce the uplink bandwidth for MTC UE can be considered in RAN1.  
Table 2: Solutions for uplink bandwidth reduction
	Solutions
	Pros
	Cons

	Solutions 1
	The most cost reduction
	Uplink frequency resource fragmentation

	Solutions 2
	More cost reduction than solution 3
	Uplink frequency resource fragmentation
Less cost reduction than solution 1

	Solutions 3
	Reuse of legacy PUCCH channel
No uplink resource fragmentation
Gain of frequency selectivity
	Less cost reduction than solution 2


4. Conclusion
In this contribution, we analyze the effect on the UE cost if the bandwidth is reduced and provide several candidate bandwidth reduction solutions. We compare the advantages and disadvantages of these solutions and give our proposals as follows.  

Proposal 1: For low cost MTC UEs, the bandwidth reduction of RF part and baseband processing can be considered independently.

Proposal 2: For low cost MTC UEs, the bandwidth reduction of downlink and uplink can be considered independently.

Proposal 3: It is proposed that the three solutions in this contribution to reduce the downlink bandwidth for MTC UE can be considered in RAN1.
Proposal 4: It is proposed that the three solutions in this contribution to reduce the uplink bandwidth for MTC UE can be considered in RAN1.
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