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1 Introduction

In RAN#53, the study item of the provision of low-cost MTC UEs based on LTE was approved [1] and the working scope of the SI was discussed in RAN1#66bis and RAN1 #67.  Among many cost reduction approaches, five major focusing areas were identified in RAN1 #67 as listed in the following [2]. 
· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation

Particularly, many contributions demonstrated high potential cost saving by reducing maximum bandwidth. However, due to its major drawback of incompatibility issue, this approach would require heavy redesign work in RAN1 as well as in RAN2/RAN4.  

This contribution presents further detailed analysis of cost savings on bandwidth reduction approach to provide guideline whether to consider bandwidth reduction in Release-11 cycle for a low cost MTC UE. It focuses on “additional” cost savings that bandwidth reduction can bring which may not be achievable by other reduction means. To show this, it presents two sets of analysis: (1) cost savings of each reduction approach (2) cost savings of combined reduction approaches excluding and including bandwidth reduction.
2 Assumptions on Detailed Cost Reduction Analysis

· Cost estimation of baseband is based on number of logic that each functional component may require. In terms of cost saving by taking reduction approach, we use number of logics presented in [4].
· We assume FDD system in the analysis. 
· We assume that MTC UE will be limited to single RAT – LTE. 
· Majority of MTC UE cost comes from baseband, RF and processor.  This analysis focuses on the cost of baseband and RF components. 
· Cost saving on processor has not been considered in the analysis as we assume that the required capability of processor to support Cat-1 UE is already low-end. 

3 Cost Reduction Analysis
According to our analysis, we estimated cost breakdown to three components would be 45%, 40%, and 15% respectively. The detailed cost breakdown for each baseband and RF is shown in Table 1 assuming the total cost of each component is 1. 
Table 1. Cost Breakdown of Baseband and RF components
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3.1 Cost Reduction Estimation for Individual Cost Reduction Criteria

First set of analysis is to evaluate potential cost reduction by applying each cost reduction approach individually: Single RX/RF chain, HARQ simplification, peak rate reduction, half-duplex FDD, and bandwidth reduction. Assuming baseline cost would be the cost of Category 1 UE with 2 RX antennas, cost saving rate and estimated cost after reduction for baseband and RF are shown in Table 2 and Table 3 respectively.  Note that each approach applies only one reduction technique based on Cat-1 UE capability. For instance,  HD-FDD option, it is based on 2 RX antennas with only half-duplex capability reduction. Peak data rate is kept the same as Cat 1 UE (10Mbps/5Mbps DL/UL).  Also, note that cost reduction rate is based on reduction rate of number of operations shown in [4]. 
Table 2. Cost Estimation on Each Cost Reduction Approach (Baseband)
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Table 3. Cost Estimation on Each Cost Reduction Approach (RF)
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The summary of cost reduction analysis is shown in Table 4. 
Table 4. Estimated Cost and Cost Reduction on Individual Cost Reduction Approach
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As shown in Table 4., single RX/RF chain can achieve high cost reduction (~18%) as the number of logics of a few components such as channel estimation and FFT is linearly increased to the number of RX antennas. 

HARQ simplification would produce cost savings by (1) lower HARQ memory size (2) lower complexity of turbo decoder. As there is only one HARQ process, the processing latency requirement on turbo decoder can be relaxed i.e., it would be satisfactory as long as turbo decoder can process 10296bits (maximum TB size in bits within TTI for Cat-1 UE) within ~3 subframe (as ACK/NACK should be sent in n+4th subframe where data has arrived at n-th subframe).  This, however, may add complexity on eNB scheduling as MTC UE may not be able to receive successive PDSCH transmissions. 
Cost saving by peak data reduction comes from significantly reduced HARQ memory size and lower complexity of decoding such as turbo decoder. 

Half-duplex without major impact on specification can produce considerable cost saving by removing duplexer. 

For the bandwidth reduction cost analysis, we should note that there are a couple of functionality components whose complexity, based on the number of logic metric, are not impacted by bandwidth reduction significantly. For example, the complexity of turbo decoder, TBCC decoder and HARQ memory are closely coupled with data rate that each function should process rather than physical bandwidth. As shown in the figure, the estimated cost saving of bandwidth reduction is around 20%. We however note that bandwidth reduction may have higher cost saving by the metric of number of operations per second as lower bandwidth may lead lower iterations of functionalities such as PDCCH decoder. This also implies that lower bandwidth could reduce power consumption by lowering clock speed. 

3.2 Cost Reduction Estimation for Bundled Cost Reduction Approaches

Previous analysis illustrates the estimated cost reduction by taking each approach separately. It is shown that bandwidth reduction may bring considerable cost saving. Yet, as discussed in many contributions, reducing bandwidth should cope with incompatibility issue. To decide whether to recommend bandwidth reduction or not in Rel-11 cycle, a trade study between impact and potential cost saving with bandwidth reduction should be performed. 
The second set of analysis is to show the cost saving by taking multiple reduction approaches at the same time with and without bandwidth reduction. This is to show the additional cost saving by bandwidth reduction which may not be achievable by other reduction means.  To show non-overlapped additional cost savings by each approach, we apply cost reduction approach sequentially. Note that the order has been chosen based on potential cost saving and impact on specification. Also, HARQ simplification is excluded as it may not add any further savings once peak DL data rate is reduced to 1Mbps. The result of savings on baseband and RF is shown in Table 5 and Table 6 respectively.
Table 5. Cost Estimation on Bundled Options (Baseband)
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Table 6. Cost Estimation on Bundled Options (RF)
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Table 7 summarizes additional cost saving if we apply each cost saving approach sequentially based on priority.  To see the cost saving difference with and without bandwidth reduction, we can compare Option 3 and Option 4. As summarized in Table 7, about 12% additional cost savings by reducing bandwidth (assuming Cat-1 UE cost is 1) compared to Option 3. The reason the cost saving is reduced compared to the first set of analysis is because there is some overlapped savings among reduction approaches. 
Table 7. Summary of Cost Saving on Bundled Options
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In summary, there are a few observations as the following:
Observation 1: Bandwidth reduction achieves additionally 12% cost saving which may not be achievable otherwise. Considering potential impact on specification, it is arguable whether bandwidth reduction should be recommended or not.  
Observation 2: Single RF/RX chain, without dramatic impact on specification, achieves about 18% cost savings by eliminating redundant front-end operations (such as FFT, RS decoding, etc). 
Observation 3: Half-Duplex FDD, without identified major specification impact, can achieve about 10% additional cost savings by removing duplexer. 
Observation 4: Complexity/Cost of iterative/time consuming functionality such as turbo decoder and PDSCH decoding function and HARQ memory has tight coupling with peak data rate. By lowering peak data rate, considerable complexity/cost reduction on those high power-consuming logics can be achieved. 

4 Impacts on Specification by Bandwidth Reduction
Some expected specification impact/consideration are shown in the following: 
· PSS/SSS: As they are transmitted over 6RB, narrow-band MTC UEs will be able to decode PSS/SSS.
· PRACH: In terms of transmitting PRACH, there will be no issue as PRACH will be transmitted in 6RB. Depending on solution, it may be required for MTC UE to inform eNB at random access that it supports only narrow-band so that eNB can transmit random access accordingly.

· PDCCH: As MTC UE cannot decode current PDCCH spread over wide-band, a new design for downlink control channel for MTC UE would be required.  
· PBCH: As PBCH is transmitted over 6RB, MTC UE can decode. It will be however beneficial if eNB can advertise whether it has capability to support MTC UEs or not in PBCH so that MTC UE would not attempt initial connection process if eNB does not offer the capability. This will save energy for MTC UE and also minimize unnecessary PRACH preamble collision. 
· PDSCH: Some modification may be required depending on downlink control channel design for MTC UE. 

· PHICH/PCFICH: As MTC UE cannot decode PHICH/PCFICH spread over wide-band, further investigation is required
· PUCCH: PUCCH resource allocation within narrow-band should be customized.   
Regarding the impact on specification, major work is expected in downlink control channels to handle the discrepancy between system operating bandwidth and MTC UE bandwidth. A qualitative or quantitative evaluation on the specification impact should be accomplished, which will vary depending on the solution to address the bandwidth inconsistency. 

Proposal: As bandwidth reduction may not bring very significant non-overlapped additional cost saving, decision on the recommending bandwidth reduction should be done through detailed trade-off study between cost saving and qualitative/quantitative impact assessment. 
5 Conclusions
This contribution analyzes potential cost saving by bandwidth reduction in more detail. The analysis shows that bandwidth reduction can bring around 12% non-overlapped additional cost saving which may not be achievable by other means. It also reviews the changes to be made in specification to make narrow-band MTC UE be coexisting with legacy UEs. 

To recommend bandwidth reduction approach, it is important to find a working solution offering minimum specification impact and performance impact. 

Proposal: As bandwidth reduction may not bring very significant non-overlapped additional cost saving, decision on the recommending bandwidth reduction should be done through detailed trade-off study between cost saving and qualitative/quantitative impact assessment.
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