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1. Introduction
Motivated by the goal of avoiding, in the future, the need to maintain a separate GSM/GPRS network just for MTC devices, the study item of provisioning of low-cost MTC UEs based on LTE was proposed and approved [1]. The SI includes the design targets related to cost and performance (spectral efficiency, coverage, and power consumption) under the operational condition of serving MTC devices in an LTE network along with legacy non-MTC devices. 
The most important factor for the business success is obviously cost if satisfactory coverage & power consumption can be ensured as well.  For that reason, the cost reduction factors need to be identified first before performance aspects of those measures can be assessed. 
To further develop the details of cost analysis and also in observance of the organization of the skeleton technical report [2], following on our discussion paper in the last meeting [4], in this contribution we first analyze the cost breakdown of some of the key elements in RF, ADC/DAC, baseband, and protocol related functionalities. Some possible methods that aimed at reducing the component cost and/or simplifying signal processing are then discussed, from the perspective of expected cost savings, performance impact (power consumption, service coverage, and legacy system impact), and standards specification impact. 
2. [bookmark: OLE_LINK25][bookmark: OLE_LINK8]Cost Analysis Assumptions 
Since there will be factors outside 3GPP responsibility that can influence the cost of a modem/device which is also dependent on the operational assumptions (service offering, network architecture, band, mobility, etc.), it is important to align the basic assumptions before cost analysis is compared among companies. It seems that the following assumptions are quite agreeable, based on the observation of company contributions:  

1. Cost refers to the build cost of a modem. Other cost factors, such as one-time engineering cost and recurring licensing cost, are beyond the scope of this SI. But we should not lose sight of them when it comes to the point of measuring against the target to achieve similar absolute cost of GSM/GPRS. NAS (Non-Access Stratum) support required in a MTC device, including application and service layers, is also excluded from the cost analysis (expected to be insignificant any way in terms of percentage of total cost).

1. [bookmark: OLE_LINK31][bookmark: OLE_LINK32]Cost savings are in relative percentage term with respect to LTE cat-1 modem. Also single RAT single band device is assumed as a baseline reference, even though market may well require LTE+GSM and multi-band support.


1. Direct DL and UL wide-area-network (WAN) access from MTC devices to eNB can be assumed as a reference operational scenario, at least when it comes to cost analysis and coverage and power consumption discussion, as opposed to serving MTC devices via a hub/aggregator that can be deployed much closer to the MTC devices. Otherwise, the cost reference point should be with respect to local area technologies (e.g., Zigbee) as opposed to GSM/EPRS.  

[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Depending on the usage scenario, some performance targets can be as important as low cost. In particular, one of study objectives is to ensure that service coverage is not worse than GSM/GPRS, at least comparable and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today (assuming deployment in the same spectrum bands). Such coverage requirement could mean the same Tx power requirement as normal LTE devices (assuming a MTC device needs to directly communicate with the eNB without any aggregator). Clearly the coverage requirement is more important than cost cutting on PA. At the same time, power consumption performance can be very   critical to many use cases, if not more important than the cost issue. How to weigh cost versus coverage and power consumption requirement needs to be discussed. Similarly tradeoff discussion is helpful on cost reduction for MTC devices versus performance degradation to legacy users when they coexist in the same network. 
Proposal:
· [bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK20]State in the technical report that the cost analysis is for only the build cost of a modem (both RF and baseband), with the reference being a single-band LTE-only devices.
· Analysis of service coverage, power consumption, and network spectral efficiency impact due to coexistence should assume direct access from MTC devices to an eNB.
· Tradeoff and priority needs to be clarified when design objectives are conflicting. 
3. [bookmark: OLE_LINK9][bookmark: OLE_LINK12]Cost Breakdown 
Since various cost reduction measures affects different subset of functionalities of a modem. It is natural to break down the cost factor for each major function. Based on our analysis, a cost breakdown is as follows (note that our analysis is aligned well with that in [3]):
· RF (40% of total cost): RF components with major cost contributions include transceiver (Tx and Rx RF chains – up to 50% of RF cost), filters, PA (external to RFIC), and Duplexer (FDD) or switch (TDD or Half-Duplex FDD) 
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Baseband (50% of total cost): Baseband processing with major cost contributions include Rx digital filtering, FFT/IFFT, DL channel estimation, demod (LLR), sample data buffer, decoder, HARQ buffer, cell search (PSS/SSS processing), and others. Among them, FFT/IFFT and data buffer clearly scale with bandwidth and HARQ buffer scales with peak rate requirement.
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK19]Others (10% of total cost). This includes ADC/DAC that is between RF and baseband, as well as logics for protocol handling.  It is important to note that protocol simplification that leads to complexity reduction often may not result in cost reduction. Since the processing logics are required any way regardless of how often it is activated, the cost associated with such logics (in terms of gate counts or dye area) is fixed. An example is the blind detection of PDCCH which, if not resulting in reduction of data buffer, will only have very minor cost saving even though the complexity reduction may allow the MTC device to sleep longer. In that case, it is rather a power consumption benefit, rather than a cost saving (based on the definition of build cost). One can certainly argue that the complexity reduction may result in an operational cost reduction, but it is difficult to quantify and compare, and out of the scope of this study item.
 Proposal:
· [bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK21][bookmark: OLE_LINK22]It is importance to understand the relative significance of various cost saving measures. Hence it is useful to first agree on a cost breakdown of major cost contributing functions in RF, baseband, and others (e.g., ADC/DAC and protocol handling). 
4. Cost Reduction Measures with Analysis  
In this section, several cost reduction measures are analyzed and ranked based on their relative cost saving, along with some preliminary performance and specification impact analysis (see the table below).
Some details to be noted are:
· Reduced BW has the most cost saving percentage wise (33%) due to substantial reduction in FFT/IFFT size and data buffer, both of which scales linearly (i.e., 93% saving from 20MHz to 1.4MHz). But it also incurs significant impact to specification given MTC devices will not be able to receive control channels and SIB-2 and above. In addition, spectral efficiency degradation due to loss of frequency diversity needs further study (e.g., control channel coverage). 
· Reducing from 2Rx to 1Rx has 25% cost saving due to baseband saving (FFT, demod, data buffer, channel estimation, ADC, digital filtering) and RF saving (single transceiver). The performance impact is also obvious due to lack of Rx diversity, even though it is expected to be less as antenna gain imbalance becomes significant in low bands. Control channel coverage and spectral efficiency degradation needs further evaluation.
· Peak rate reduction (from ~10Mbps of cat-1 to ~100Kbps) can achieve 15.5% total saving, due to mainly HARQ buffer size reduction (~99%). Note that reduced BW also results in effectively peak rate reduction, but we should not double count the HARQ saving due to reduce BW and peak rate reduction. The 99% HARQ buffer reduction due to lower peak rate is more significant than the 93% number for HARQ buffer saving due to BW reduction. 
· Reduce HARQ process (from 8 to 1 for example) has similar effect on HARQ buffer requirement, but again we should not double count. Peak rate reduction almost removes the cost of HARQ buffer already. So HARQ process reduction itself has minimal additional saving, if any.
· Half-duplex FDD is expected to achieve 4.5% of total cost saving. But there will be some burden on eNB to observe the constraint of HD-FDD MTC devices, and thus we expect system level impact and some specification impact.
· Reduce PA power may have limited cost saving, unless we can completely remove the PA (which will be a max of 10% of total saving). For the direct access operational assumption, it is unlikely that we can remove PA without significantly reduce the coverage.
1. Blind detection and other protocol complexity reduction measures are expected to have minimal cost saving.  These measures, if not resulting in reduction of major components (e.g., data buffer size), will only have very minor cost saving even though the complexity reduction may allow the MTC device to sleep longer. In that case, it is rather a power consumption benefit, rather than a cost saving (based on the proposed cost definition of build cost). One can certainly argue that the complexity reduction may result in an operational cost reduction, but it is difficult to quantify and compare, and out of the scope of this study item.
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  Proposal:
· [bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK59][bookmark: OLE_LINK23]Agree on a prioritized list of cost saving measures based on a roughly aligned cost saving value. Focus first on the measures that can give relatively much larger cost savings, such as BW reduction, Rx antenna reduction, peak rate reduction (already the case due to requirement), and HD-FDD. 
· Complexity reduction measures have minimal cost saving even though they have performance impact (e.g., power consumption benefit, spectral efficiency degradation) and specification impact. 
5. Conclusion 
This contribution shares our view and analysis of the various measures. We propose to: 
· State in the technical report that the cost analysis is for only the build cost of a modem (both RF and baseband), with the reference being a single-band LTE-only devices.
· Analysis of service coverage, power consumption, and network spectral efficiency impact due to coexistence should assume direct access from MTC devices to an eNB.
· Tradeoff and priority needs to be clarified when design objectives are conflicting. 
· It is importance to understand the relative significance of various cost saving measures. Hence it is useful to first agree on a cost breakdown of major cost contributing functions in RF, baseband, and others (e.g., ADC/DAC and protocol handling). 
· Agree on a prioritized list of cost saving measures based on a roughly aligned cost saving value. Focus first on the measures that can give relatively much larger cost savings, such as BW reduction, Rx antenna reduction, peak rate reduction (already the case due to requirement), and HD-FDD. 
· Complexity reduction measures often have minimal cost saving, even though more often they may have performance impact (e.g., power consumption benefit, spectral efficiency) and specification impact. 
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