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1
Introduction

In the RAN1 #67 meeting, we have agreed that the reference for the cost comparison for the low cost MTC device will be a single band, single RAT, Cat-1 UE, capable of operating on a 20 MHz carrier. 
In addition, we have agreed that the following techniques will be considered for cost reduction for the MTC devices:

· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation
In this contribution, we present our view on the cost reduction of MTC devices. The first part presents some general view on the device cost, development cost, performance impact and standard impact. The second part addresses some design options for narrowband operations to minimize the specification impact. 
2
Discussion 
In discussion of the cost reduction of the MTC device as well as require standard changes, it is important to keep the following factors into perspective:

· The modem cost is only a part of the total cost of ownership of the MTC device over its useful life time. The total cost of ownership includes also deployment and recurring cost such as support and network operations and maintenance. These other recurring costs are typically larger than the one time device cost. Although the existence of these other costs does not diminish the importance of the device cost reduction, we should keep their existence in mind when comparing different cost reduction techniques such that their impact on other costs is fully considered. 
· For example if we have to make large specification and network changes to support certain techniques, e.g. narrowband operation, then the cost reduction by 20% of the device, would not justify the much larger recurring cost involved to maintain such a network. 

· From the overall systems point of view, if we compare two MTC design options as an example: one with 25% cost reduction but reducing spectral efficiency by 1 dB. Then the reduction of the link efficiency will need to be compensated by the network. If the network maintenance is a much bigger factor in terms of total cost, then the device with better spectral efficiency and higher cost would be preferred in order to minimize the total cost. 
· There is significant engineering development and testing cost if a lot of standard changes are required just to make the MTC device cheaper. Keep in mind that device cost will reduce by both mass production and technology development, so by the time these MTC devices available to the network, most of the component costs will be lower than our current assumption.
· Certain techniques such as narrowband operations may have large impact on the specification and network operation. Since the operations of MTC and regular UEs are different, the network will need to maintain two different types of operations. 

· Finally, significant change to the standard and implementaions may also lead to delay of the product to the market, which allows more devices of alternative technology into the market. 

3. Narrowband Operations
From all five cost redcution techniques, narrowband operation can potentially have the largest specification impact. When the narrowband operations were discussed at the beginning of the study item, many contributions suggested to use stand alone carrers, as shown in Figure 1. 
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Figure 1.  Standalone Operation for Narrowband MTC
This is certainly prefered when operators have dedicated narrowband for MTC devices. But for the more general case, we would like to operate narrowband MTC within a wide bandwidth. 

Here we propose a multiplexing approach to allow joint operation of narrowband MTC devices within a wide bandwidth for regular UEs. The main motivation is to minimize the standard and system impacts for both wideband and narrowband operations. 

The basic operation is shown in Figure 2 where in subframes where MTC narrowband operation is present, we will operate wideband system with one control symbol. The let the narrowband control symbol collide with the wideband control symbol. 

The eNB can control which system have priority in the colliding region, e.g. 6 RB and 1 symbol.

· If we would like to maximally preseve the operation of wideband systems, then the wideband control will puncture the first symbol of the narrowband control. 

· If we would like to maximally protect the narrowband control symbol, then we can have the narrowband control symbol to puncture the wideband control symbols in this region. 
Note that this operation should not impact the wideband operation significantly, because in all other subframes, dynamic control region is available. Only in the subframes supporting MTC operation, is the control region restricted to one symbol. We can either schedule fewer users within this subframe, or use ePDCCH to schedule other users. 

. 

On the other hand, the narrowband operation should not be impacted much if we were puncturing its first control symbol. 

· For PCFICH, for example, we can restrict control symbol to a fixed length 

· For PHICH, for example, we can rely on PDCCH based retransmissions
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Figure 2. Joint Narrowband and Wideband Operations
3
Conclusions

In this contribution we have presented our view on the general considerations for the cost reduction for MTC devices. We conclude that:
1. We should consider the overall system impact when deciding on the cost reduction techniques

2. Techniques that require significant standard changes or have large sacrifice of link efficiency should not be accepted as cost reduction techniques. 
In addition, we also provided a design option to operate narrowband MTC within a wide bandwidth with small standard impact. 
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