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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 following design targets:
· Performance related:
· Support data rates equivalent to that supported by [R’99 E-GPRS] with a EGPRS multi-slot class [2] device [2 downlink timeslots (118.4 Kbps), 1 uplink timeslots (59.2 Kbps), and a maximum of 3 active timeslots]. This does not preclude the support of higher data rates provided the cost targets are not compromised. 
· Enable significantly improved spectrum efficiency for low data rate MTC traffic compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks today, and ideally comparable with that of LTE. Optimizations for low-cost MTC UEs should minimize impact on the spectrum efficiency achievable for other terminals in LTE Release 8-10 networks.
· 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). The same defined LTE cell coverage footprint as engineered for “normal LTE UEs” should apply for low-cost MTC UEs.
· Ensure that overall power consumption is no worse than existing GSM/GPRS based MTC devices.
· Ensure good radio frequency coexistence with legacy (Release 8-10) LTE radio interface and networks.
· Cost related:
· The cost of terminals tailored for the low-end of the MTC market should be competitive with that of GSM/GPRS terminals targeting the same low-end MTC market.
· Operation related:
· Target operation of low-cost MTC UEs and legacy LTE UE on the same carrier.
· Re-use the existing LTE/SAE network architecture.
· The starting point of the analysis shall be the Rel-10 LTE air-interface.
· Consider optimizations for both FDD and TDD mode. 
· The initial phase of the study shall focus on solutions that do not necessarily require changes to the LTE base station hardware.
· It is assumed that low-cost MTC UEs will have to support mobility and roaming.

[bookmark: OLE_LINK27][bookmark: OLE_LINK28]The SI also suggests possible system aspects that shall be evaluated. This contribution shares our view and some preliminary analysis of the various system aspects that can have significant cost impact. 



2. [bookmark: OLE_LINK25]General Discussion on Cost and Performance Tradeoff
As noted in the SID, there will be factors outside 3GPP responsibility that can influence the cost of a modem/device. Hence it is our view that: 
1. Cost analysis can only be done with respect to the build cost of a modem. Other cost factors, such as engineering and licensing, 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 cost of GSM/GPRS. Non-RAN (i.e., Non-Access Stratum) support in a MTC device, including application and service layers, is also excluded from the cost analysis.
1. It is more feasible to investigate the relative cost with respect to that of a Rel-10 LTE modem. The absolute cost, which depends on the volume and the fabrication technology/process, is difficult to predict when such LTE-based MTC device will be ready for deployment.
1. Quantitative cost analysis from different vendors may differ substantially, depending on the assumed RF architecture and baseband implementation.  Therefore, it may be realistic to focus on system aspects that most of the vendors believe, qualitatively, can provide significant cost saving.

[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Compared to the complexity and predictability of a good quantitative cost analysis, performance analysis may be easier to assess in terms of coverage, spectral efficiency, and power consumption for LTE MTC devices and impact to legacy LTE UEs. Particularly, we need to carefully consider the impact to Rel 8/9/10 LTE system performance due to the need to serve low-cost MTC on the same network & carrier.
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Proposal:
1. [bookmark: OLE_LINK50][bookmark: OLE_LINK51]Confirm the understanding that the cost analysis will be for the build cost of a modem, in relative cost saving for a dedicated type of devices (e.g., “LTE-MTC”) compared to a baseline LTE modem (e.g., Rel-10 UE with certain parameters and features)
1. Suggest RAN1 to agree on a quantitative model for relative cost saving analysis. 
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]A nature way to conduct cost analysis, i.e., to build a quantitative cost model, is to list the areas (operational parameters and cost-saving measures) that can provide a saving compared to the cost of the baseline modem. In an effort of trying to conduct such analysis, we divide the modem into three main architectural areas - RF front end (FE), A/D or D/A conversion, and digital baseband for which we need to agree on the percentage cost in each functional area. For example, we see the RF FE cost could constitute 40% or more of the total modem cost. Then we can discuss each component cost-saving measure (e.g., reducing from mandatory 2 Rx antenna to 1 Rx), in terms of their cost saving relative to the cost of entire FE, or A/D & D/A converters, or entire baseband. The multiplicative effect of all the considered cost-saving aspects will give an indication of the total, as well as incremental, cost saving. In the following sections, we give some examples areas with significant cost effect.
  Proposal:
1. [bookmark: OLE_LINK52][bookmark: OLE_LINK53]As a cost saving analysis example, we may divide the modem into three architectural areas - RF front end (FE), A/D & D/A converters, and baseband, for which we need to agree on the percentage cost of each functional area. Then components in each area with significant relative cost effect can be accounted for with a multiplicative effect towards total relative cost saving. 
2.1. [bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45]RF Front End
RF front-end (FE) is the industry-standard term for the radio frequency components functionally located between the wireless transceiver and the antenna (basically everything between the antenna and the A/D & D/A converter), required to both transmit and receive the radio signal. More specifically, the entire front end system is comprised of power and low noise amplifiers; filtering, such as receive filters and duplexers; RF switches, including antenna/mode bypass; and the interface to the ADC/DAC and baseband. The RF related cost typically scales linearly with the number of RF FEs. So for example, reducing the number of bands can directly translate into a proportional cost saving if a band specific RF FE must be used for each band.
Observations:
· LTE MTC devices should try to minimize band support (ideally single-band) in order to maximally reduce RF front end cost. Avoid having to build many band-specific RF FEs. However, market needs may often require multi-band support, similar to the quad-band GSM/GPRS (i.e., GSM-850/900/1800/1900) that is the de-facto global requirement. LTE, given its wideband nature, may not be able to fit in the existing GSM bands, and is currently expected to be deployed in many different bands globally, ranging from as low as possibly 450MHz to 3.5GHz.  Even tunable RF FE will not be able to deal with such a wide range of spectrum. Operators should collectively give guidance on the several bands that will be most likely used for LTE MTC devices initially. The decision on band support could cause possible market/device segmentation and consequently lose economy of scale.
· Not to consider multi-mode (RAT) for LTE MTC devices at least in the cost analysis. However, there may be a desire to incorporate GSM/GPRS in the short term to allow MTC devices to function in GSM/GPRS networks before migrating to LTE networks eventually. In such case, the target of comparable cost of a dual-mode MTC device and a single-mode GSM/GPRS device is clearly impossible.     
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal:
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK54]Focus the cost study on LTE-only with limited band support (e.g., 700/850/900MHz). 
If the above recommended band of focus is somewhat reasonable, we may consider only a single Rx antenna, because antenna design for sub-1GHz is more challenging to get low correlation and low gain imbalance. Rx diversity gain under antenna gain imbalance (AGI) has a reduced gain over a single-Rx receiver, i.e., about 1.5~3dB with 3dB AGI (or 0.9~2dB with 6dB AGI). In other words, under practical gain imbalance achievable in a small MTC device, the performance degradation on system information broadcast (MIB, SIBs, and paging), and control (PDCCH and PHIGH, PCFICH), and data (PDSCH) is somewhat reduced with single-Rx and may be compensated with existing system tools (e.g., PDCCH CCE aggregation, lower MCS level for PDSCH). The RF FE cost can be cut by half with single-Rx. Cost saving on antenna design and AD converter and baseband aspects is also significant. Our preliminary estimate of relative cost saving by reducing band support to limited sub-1GHz bands (e.g., 700/850/900) and a single Rx antenna can reach as much as 90% (RF FE portion), compared to dual-Rx and additional band support of 1800/1900/2.3GHz/2.5GHz.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK46][bookmark: OLE_LINK47]  Proposal:
· [bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK55][bookmark: OLE_LINK56]Consider single Rx antenna for LTE MTC devices. 
Other second-level RF parameters can also have a cost impact, such as the PA max power, duplexer and switch needed, and the filter complexity due to ACLR (or ACS) requirement of the transmitter (or receiver). The cost will increase if power consumption requirement is more stringent. For example, there is a significant cost association if we want the PA to be more linear with better efficiency.  If we can relax the PA output power and power consumption requirement, we may achieve some cost saving. However, UL coverage and battery life requirement for those MTC devices is more critical for market success. 
  Proposal:
1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Cost saving measures should not sacrifice the minimal coverage performance and power consumption requirements that will otherwise jeopardize MTC devices’ market success.  

2.2. A/D Converter and Baseband
The supported bandwidth will have directly impact to ADC/DAC and baseband processing cost. Baseband processing aspects includes FFT/IFFT, DL channel estimation, sampled data buffering, MIMO processing (not needed in single-Rx case), decoding, and measurement and feedback reporting. Baseband related cost typically directly correlates with the number of gates and buffer size requirement. BW reduction and the reduced peak data rate will have cost benefit via buffer size reduction. 
Observations:
· Reducing the system bandwidth could benefit the cost of ADC/DAC and sample buffering and baseband processing. For example, reducing from 20MHz to 1.4MHz may achieve as much as 50% of saving on baseband portion of the modem
However, serving MTC devices with only narrow band receiving and transmission capability in a wideband LTE system can have significant implication, including (some of which were also mentioned in [2]):
· Problem with MTC device receiving PDCCH which is sent on the entire bandwidth
· Potential problem with receiving system information broadcast (SIBx) and paging, even though it may be technically possible to send them only on narrow band. 
· Scheduling efficiency impact to legacy UEs and thus LTE Rel-8/9/10 system performance (i.e., spectrum efficiency)
· Potential performance issue with MTC device due to narrow band reception, i.e., lost of frequency diversity (in addition to the lost of spatial antenna diversity at UE in case of single-Rx).
Observation:
· From a system operation and performance perspective, it is desirable to require the MTC devices to have the same wide band support as legacy LTE UEs. 
· [bookmark: OLE_LINK48][bookmark: OLE_LINK49]On the other hand, the peak data rate can be much reduced for relaxed buffer size requirement. Other than the BW issue, reduced data rate and buffer size may provide the biggest benefit on baseband cost saving. 
  Proposal:
· [bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK59]Relaxation of bandwidth support to only narrow band for LTE MTC devices operating in a wideband system needs further investigation, taking into account potential saving in both RF FE, ADC/DAC, and baseband, versus performance impact to legacy systems
· Since reduced data rate and buffer size may be the biggest factor in baseband cost saving, define a special UE category for MTC devices.
· Other basebands aspects, such as HARQ process reduction and relaxed link adaptation support with reduced measurement and feedback, may have only secondary impact on cost saving compared with the aspect of RF bands, number of Rx antenna, and bandwidth support requirements.  
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK15]
3. Conclusion 
This contribution shares our view and preliminary analysis of the various system aspects that can have significant cost impact. We propose to: 
1. Confirm the understanding that the cost analysis will be for the build cost of a modem, in relative cost saving for a dedicated type of devices (e.g., “LTE-MTC”) compared to a baseline LTE modem (e.g., Rel-10 UE with certain parameters and features)
1. Suggest RAN1 to agree on a quantitative model for relative cost saving analysis. 
4. As a cost saving analysis example, we may divide the modem into three architectural areas - RF front end (FE), A/D & D/A converters, and baseband, for which we need to agree on the percentage cost of each functional area. Then components in each area with significant relative cost effect can be accounted for with a multiplicative effect towards total relative cost saving. 
1. On RF aspects:
5. Focus the cost study on LTE-only with limited band support (e.g., 700/850/900MHz). 
5. Consider single Rx antenna for LTE MTC devices. 
1. Cost saving measures should not sacrifice the minimal coverage performance and power consumption requirements that will otherwise jeopardize MTC devices’ market success.  
1. Relaxation of bandwidth support to only narrow band for LTE MTC devices operating in a wideband system needs further investigation, taking into account potential saving in both RF FE, ADC/DAC, and baseband, versus performance impact to legacy systems
1. Baseband Aspects: 
8. Since reduced data rate and buffer size may be the biggest factor in baseband cost saving, define a special UE category for MTC devices.
8. Other basebands aspects, such as HARQ process reduction and relaxed link adaptation support with reduced measurement and feedback, may have only secondary impact on cost saving compared with the aspect of RF bands, number of Rx antenna, and bandwidth support requirements.  
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