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Discussion

1. Introduction
In RAN1#67, the assumption of low-cost device in single band, single-RAT is agreed. Agreements on concepts that may provide significant cost savings are:
· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation
The next step is to identify the significant factors to build cost structure of LTE modem, evaluate the impact by cost savings to system, the optimized parameter for each concept. In this contribution, we provide our view on the general trend in modem cost and identify the most relevant cost saving items.

Introduction of special features to support LTE low cost MTC UEs is not only for cost saving, but also to provide power saving benefits. However, unless the LTE MTC devices are cost competitive they are unlikely to enter the market and introduction of power saving features is unlikely. Therefore, the initial focus should be on costs-
In this contribution we have not analysed of half-duplex operation since this feature is already available in Rel-8.
2. General cost trend

For the cost analysis in this study item, the modem costs have been split into RF and baseband(digital) parts. For the latter, the continuous improvement and shrinking of semiconductor manufacturing processes means that for a given UE category with the same feature set, the baseband silicon area will shrink over time and with it the cost. According to Moore’s law this size reduction should already be 75% at the time of a possible introduction of low cost optimized LTE UEs compared early Rel-8 implementations. Additionally, the same improvements in the semiconductor process means that higher clock rates can be used resulting in higher processing power allowing architecture changes to reduce the baseband area further. Similar shrinking is however not equally possible for the RF where size and costs are also a factor of the properties of the signals rather than just the manufacturing process. This means that over time the cost of the RF part as a percentage of the total modem cost will increase. 
The consequence of this is that over time the difference in baseband costs between LTE category 1 and GSM will become less and the difference in RF costs will dominate. It is then important to study ways to reduce the difference in RF costs between GSM and LTE. 

That being said, reductions in baseband complexity can potentially improve the difference in cost in a shorter term. However, such short term improvements will have a limited market window, compromising the economies of scale for devices implementing such improvements. In addition, some of the proposed costs saving methods have system impacts that will be there for the lifetime of such devices.

Observation 1: Long term, as the size of baseband shrink due to semiconductor process shrinking, difference in RF cost between GSM and LTE will become more dominant
3. Possible candidates for cost reduction
3.1. Reduction of Maximum Bandwidth
Bandwidth reduction was identified as one of the options for lowering the cost of MTC devices. Lower bandwidth will directly result in lower processing requirements in the baseband frontend where the processing complexity of functions like FFT, channel estimation and CSI feedback is proportional to the bandwidth processed. However, modern signal processing architectures rely heavily on overclocking where a high processing clock enables processing of large bandwidths with limited amount of HW. Because of this, the silicon area and cost is not a linear function of the bandwidth processed and with the general trend mentioned in section 2 of shrinking area and increased processing power, the cost savings in baseband from reducing the bandwidth will diminish over time. Memory requirements will still be linear to the bandwidth, but also memory sizes will benefit from process shrinking. 
Another important issue to remember is that the most relevant reference point for the comparison is more likely 10 MHz than 20 MHz. With the introduction of low cost MTC LTE motivated by GSM refarming, the typical deployment will be in one of the existing sub-GHz GSM frequency bands where the maximum supported bandwidth for LTE according to 36.101 is only 10 MHz.
If the improvements that can be achieved short term are deemed significant enough to provide a market for such devices, reduction of bandwidth can be studied  When both low cost UEs and normal UEs exist in the same network, the UEs’ DL and UL BWs can be configured via broadcast information, e.g. by MIB and SIB2. A narrow BW DL control channel like the ePDCCH can be used to transmit the random access response to. At the UE side, the UE does not need to buffer the full 20 MHz PDSCH region and savings in memory cost can be achieved. Further reduced bandwidth has potential for reduced UE power consumption and complexity of RF parts 
In the uplink, the baseband savings from reducing the bandwidth are probably smaller since in general the complexity of UL processing is significantly less than the DL processing and a smaller part of the baseband processing is bandwidth dependent. Lower BW will mainly contribute to reduced complexity in RF and baseband such as ADC/DAC and RF/IF filters. If UL BW reduction is introduced, solutions are needed to the PUCCH transmission since with the current design the PUCCH is located at the outer bands of the system bandwidth. Introducing separate PUCCCH resources will fragment the system bandwidth and create problems for legacy UEs and overall system capacity. Considering the possible surge of MTC traffic in the uplink, lower UL BW should be considered more carefully. If the UL BW is lowered, minimization of the impact by narrow BW UEs to legacy UEs requires further studies.     

3.2. Reduction of Peak Rate

There are different MTC applications, periodic or non-periodic, using large or small packet size. Periodic transmissions such as metering, fleet management and civilian surveillance; non-periodic applications for example earthquake and tsunami warning, most of the MTC applications use small packet transmission feature. Larger packet sizes are used for example in surveillance systems where about a 2 Mbps data rate is needed for high quality video. Consider these traffic applications, the current category 1 would cover the variety of applications foreseen. The question is then if introducing a lower data rate category will provide significant cost savings compared to category 1. Reduction in data rate only saves costs in the baseband.  Based on the discussion in section 2 on generally shrinking baseband costs and also the knowledge of the complexity of supporting similar data rates in HSPA, there does not seem to be significant savings from reducing the data rate below the current category 1 data rate from a cost saving perspective. 
Even though there from a cost perspective the need for a lower data rate category than the current category 1 is limited, it has already been discussed that in order to limit the system impacts from new features introduced to support low cost to MTC UEs only, a lower category could be needed. The discussion of such a lower category can be started once the system impacts of any standardization changes have been analysed.
The previous discussion is mainly applicable to DL since the complexity from UL data processing is significantly less.

Observation 2: Data rate reduction below the current category 1 will not provide significant cost savings 
3.3. Reduction of Transmit Power
UE TX power reduction will potentially reduce cost of power amplifier (PA). However, savings will only be significant if also the reduction in Tx Power is significant (at least 3dB). However, the drawback is that UL coverage will be compromised if TX power is reduced. Therefore, UE TX power reduction is not seen as a viable candidate for LTE cost saving.  

Observation 3: UE TX power reduction is not seen as a viable candidate for LTE cost saving.

3.4. Single Receive RF chain

From the RF perspective, having to support two receive antennas represents a significant cost difference to GSM where only a single RF needs to be supported and represents the biggest cost saving potential in this study. It is likely that 20% can be saved in RF costs and long term at least 10% in total costs. With category 1 not supporting spatial multiplexing, there is no hard requirement for the UE to have two receive antennas and no physical layer changes are needed to support such change. We emphasize that having only single RX does not exclude support of TX diversity and rank-1 precoding with any transmission mode. The potential problem with dual-RX is that it is assumed in the RAN4 performance requirements. However, RAN4 has previously discussed the benefits of dual RX especially at lower frequencies where the diversity gains are limited. It is natural that this discussion is continued in RAN4 with low cost MTC in mind. 
Observation 4: Support for only single receive RF chain has potential for significant cost savings. System impact of reducing the number of receive antennas should be further discussed in RAN4

4. Conclusions
In this contribution we discussed major cost drivers for low cost modem. We have following observations:
Observation 1: Long term, as the size of baseband shrink due to semiconductor process shrinking, difference in RF cost between GSM and LTE will become more dominant

Observation2: Data rate reduction below the current category 1 will not provide significant cost savings.

Observation 3: UE TX power reduction is not seen as a viable candidate for LTE cost saving.

Observation 4: Support for only single receive RF chain has potential for significant cost savings. System impact of reducing the number of receive antennas should be further discussed in RAN4

