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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 most important factor for the business success of LTE based MTC is obviously cost if satisfactory coverage & power consumption can be ensured as well.  
In the last RAN1 #67 meeting, it was agreed that the reference for the cost comparison for the low cost MTC device will be a single band, single RAT, Cat-1 UE, and operating on a 20 MHz carrier. Also, the following techniques have been identified for further analysis:

· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation
A tabulated analysis of most of the proposed techniques can be found in [3]. In this contribution, we present more detailed analysis on half duplex MTC UE. We follow the structure of the TR section 6 so that most of the text in all the sections can be considered as text proposal.
2. Description
Half-duplex FDD (HD-FDD) operation is a technique aimed to lower the cost by allowing UE not to transmit and receive simultaneously.  
3. Analysis/evaluation of performance against requirements
An analysis of the technique against system requirements is provided in this section. The analysis is to be used in combination with the cost analysis:

Table 1. Impact of half duplex operation 
	Metric
	Impact (Yes/No)

	Coverage same as GSM/EGPRS [and legacy LTE]
	Yes

	Minimum Data rate
	No

	Power consumption
	No

	Impact to non-MTC UE
	No

	eNB Hardware impact
	No

	Impact on specification
	Maybe (if optimized)

	Cell spectral efficiency
	Yes

	…..
	

	……
	


[Editor’s Note: Whilst the Low cost MTC UE based on LTE is required to meet all the requirements, a particular requirement may not be applicable to an identified technique. Evaluation/analysis of impact (positive/negative) to be provided below for only for the requirement’s that has an impact (indicated by “Yes” above in the table). Below shown are example placeholders for some analysis/evaluation of some of the requirements]
3.1. Coverage Analysis
It is expected that replacing duplexer with a switch will remove the duplexer insertion loss which is about 1.5-2dB. This will help to improve the UL coverage. So, we observe:
· Removing duplexer insertion loss can improve UL coverage

3.2. Specification impact
Half-duplex FDD is technically supported in Rel-8, where the burden is on eNB to observe the constraint of HD-FDD operation. Currently in Rel-8, Tx/Rx switch time is accommodated with allowing UE to skip the last OFDM symbols in the subframe right before uplink transmission. It may have some undesirable effect as opposed to explicitly defining/allowing Tx/Rx switch time. In addition, the eNB may not be able to completely avoid simultaneous UL and DL due to unexpected behavior of UE. When it happens, ambiguous system operation can cause stability and efficiency issue. Hence, in order to make the system more robust under HD-FDD operation, potential spec impact may need to be further discussed.  In summary,
· HD-FDD is technically already supported in Rel-8, where the burden is on full-duplex FDD eNB to observe the constraint of HD-FDD UEs while maximizing both DL and UL spectral efficiency. Additional spec support to explicitly define/allow Tx/Rx switch time or to make the system more robust under HDD operation, may be considered.  
4. Analysis/evaluation of cost reduction  
It is expected that this technique will have much of the cost saving from replacing the FDD duplexer with a switch. There could be some potential saving in baseband from a complexity point of view. However the reduced complexity may not be able to translate into reduction of gates or dye size.

Given the duplexer cost is in the range of 15-25% of RF (which is 40% of the total modem cost) [2], and also given that a switch is about 20-30% of the cost of a duplexer, the total cost saving for HDD is 4-8%. There may also be a need to investigate the potential change of RF design with respect to whether additional filtering is needed given the duplexer filters are removed.

One of the benefits for HD-FDD is its potential to support multiband operation without having to wait for band-specific duplexer. Even though the agreed reference modem is a single band LTE modem, in reality, LTE spectrum fragmentation puts a lot of challenge on UE implementation. It is expected that the economy of scale for MTC devices will not be established with LTE being currently deployed in different bands globally, especially in comparison with quad-band GSM deployment. HD-FDD operation allows a MTC UE to operate on different combination of DL and UL frequency (i.e., different bands), if band specific filtering can be avoided. Therefore, a HD-FDD MTC device will able to support a large number of bands as long as the PA can support the various bands of interest as well.

In summary:

· The total maximal cost saving for HD-FDD is 4-8%, mainly from the fact that the band-specific FDD duplexer can be replaced with a switch. Note that we still need to investigate the potential change of RF design with respect to whether additional filtering is needed given the duplexer filters are removed.
· HD-FDD allows a MTC UE to more easily operate on different combination of DL and UL frequency (i.e., different bands).  Therefore, a HD-FDD MTC device may be able to support a large number of bands for economy of scale, as long as band specific filtering can be avoided and the PA can support the various bands of interest as well.
5. Conclusion 
In this contribution, we present more detailed analysis on HD-FDD. 
We observe: 

· Removing duplexer insertion loss can improve UL coverage

· HD-FDD is technically already supported in Rel-8, where the burden is on full-duplex FDD eNB to observe the constraint of HD-FDD UEs while maximizing both DL and UL spectral efficiency. Additional spec support to explicitly define/allow Tx/Rx switch time or to make the system more robust under HDD operation, may be considered.  
· The total maximal cost saving for HD-FDD is 4-8%, mainly from the fact that the band-specific FDD duplexer can be replaced with a switch. Note that we still need to investigate the potential change of RF design with respect to whether additional filtering is needed given the duplexer filters are removed.
· HD-FDD allows a MTC UE to more easily operate on different combination of DL and UL frequency (i.e., different bands).  Therefore, a HD-FDD MTC device may be able to support a large number of bands for economy of scale, as long as band specific filtering can be avoided and the PA can support the various bands of interest as well.

Proposal:
· Allow HD-FDD operation for MTC devices
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