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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 discuss Qualcomm’s view on the impact of half duplex operation on the overall system operation and the cost saving of these devices. This contribution is a resubmission of R1-120567 [4].
2
Discussion 
2.1
Impact of Half Duplex Operation on the System Operation
For MTC devices, half duplex operation has been considered due the following two factors:

1. The required data rate is much lower than the Cat 1 UE. 

2. Most of the traffic is not delay sensitive

In this section, we briefly address the impact of operating a half duplex device in a full duplex band. 

The main impact of half duplex operation is on the eNB scheduling side. Figure 1 presents the logic that has to be implemented at eNB scheduler. 

1. eNB is aware of the MTC device’s half duplex capability

2. For each of the subframe, the eNB needs to track whether UE is expected to transmit on the UL and make scheduler decision accordingly
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Figure 1. Half Duplex Operation in a Full Duplex Band
As we can see, the impact on the specification is moderate, although we foresee some minimum performance specification may be required to support such operation. 
Observation: Supporting half duplex operation of MTC devices within a full duplex band has moderate impact on the standard specifications. 
Among the possible standards changes, we can consider accommodation of UE switch times, UL-DL subframe timing offset, for example, or the need for the UE to make RRM measurements in certain subframes unencumbered by UL interference.  However, future choices between standards-based solution and eNB implementation-based solution to accommodate these issues can influence the degree of required standards changes.     
2.1
Impact of Half Duplex Operation on Cost

The impact of half duplex operation on the cost is mainly on the RF:
· For half duplex UE, the duplexer can be replaced by a switch with two filters with relaxed requirements.
On the modem processing part, there could be small saving due to the fact that now UE only needs to support either DL receiving or UL transmission, but never simultaneously.  
Although introducing half duplex operation does not provide meaningful cost reduction for individual components, it does allow some additional saving for the overall MTC device.
· For half duplex device, it may be easier to allow integration of RF and baseband on a single chip because of the reduced level of cross-circuit interference. 

While the single chip integration assumably can have significant benefits, those don’t seem to fit in the current evaluation metrics, since strictly speaking integration doesn’t reduce the RF or baseband complexity.  

3
Conclusions

In this contribution we have presented our views on the cost drivers for MTC terminals regarding the half duplex operation. 
We conclude the following:

· There is moderate impact on the specification by allowing half duplex operation of MTC devices in a full duplex bandwidth.  Choices between standards-based solution and eNB implementation-based solution can influence the degree of required standards changes. 
· The cost saving due to half duplex operation is small if we only consider only the impact on the individual RF or baseband components. But additional saving can be achieved by integrating RF and baseband processing into a single chip. There is not a clear way of assessing these integration benefits. 
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