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1 Introduction

This contribution provides a text proposal for TR 36.888, the analysis of “half-duplex FDD operation”. We propose the followings to be captured in TR 36.888. 
-------------------------------------------Start text proposal----------------------------------------------------------

6.6
Half Duplex Operation
6.6.1
Description
Half-duplex FDD (HD-FDD) operation is one of potential techniques to lower MTC UE baseband and/or RF hardware. The main advantage of HD-FDD operation is that it allows eliminating the duplexer compared to full-duplex FDD (FD-FDD) operation. Moreover, HD-FDD operation may deliver band flexibility benefits where the duplex gap between downlink and uplink frequency bands can be reduced. This however requires careful considerations on DL/UL frequency pair and also interference to FD-FDD UEs, thus it is not considered in this study. Furthermore, with keeping the maximum transport block (TB) size per transmission time interval (TTI) same to that of Category 1 UE, the peak data rate of HD-FDD UE may be reduced. For example, assuming HD-FDD UE uses 50%:50% time to downlink:uplink, the achievable peak data rate with category 1 UE will be reduced to 5Mbps and 2.5Mbps for downlink and uplink respectively. The reduction rate of data rate will be driven by the percentage of downlink subframes compared to uplink subframes. As the ratio cannot be determined easily, this is not considered in this study. 
The followings include assumptions that this study is based on:

(1) The frequency band of DL and UL of HD-FDD is the same to coexisting FD-FDD UEs’ in the same serving cell. In other words, potential band flexibility benefit of HD-FDD operation is not considered.

(2) For cost saving analysis, peak data rate of HD-FDD Category 1 UE is assumed to be 10Mbps/5Mbps DL/UL. Potentially lower peak data rate due to time sharing between DL and UL is not considered for cost saving analysis. 

(3) HARQ process will be used for both downlink and uplink data transmission. 
(4) eNB is functioning in FD-FDD operation mode.  
(5) HD-FDD UEs coexist with FD-FDD UEs. 
6.6.2
Analysis/evaluation of performance against requirements 

	Metric
	Impact (Yes/No)

	Coverage (relative to normal LTE UEs) 
	Yes

	Minimum data rate
	No

	Power consumption
	Yes

	Impact to non-MTC UE
	No

	eNB hardware impact
	No

	Impact on specification
	Yes

	Cell spectral efficiency
	Yes


6.6.2.1
Coverage analysis
It is not expected that HD-FDD operation will result in loss of coverage. Contrarily, slight uplink coverage improvement may be expected from the potentially lower insertion loss by removing duplexer. 
6.6.2.2
Minimum data rate

HD-FDD has no impact on the minimum data rate assuming minimum data rate is 118.4Kbps downlink and 59.2Kbps uplink. 
6.6.2.3
Power consumption
HD-FDD operation may results in lower power consumption as it does not allow concurrent transmission and reception. 
6.6.2.4
Impact on specification
HD-FDD operation is already introduced in LTE Release-8 where supporting HD-FDD UEs are mainly driven by eNB scheduler. HD-FDD UE requires a gap to switch from receiving mode to transmission mode and also to allow timing advance for uplink transmission. This gap can be placed at the end of downlink subframe where HD-FDD UE may not be able to receive the last n-symbols of the DL subframe right before a UL subframe. It can be handled by puncturing the last n-symbols in PDSCH of HD-FDD UE or by eNB scheduler by not scheduling PDSCH in the DL subframe right before a UL subframe of HD-FDD.  
Handling HD-FDD UEs based on Release-8 specification only, however, may overload scheduling complexity and increase operation cost, particularly with a large number of HD-FDD MTC UEs. It is therefore worthwhile to consider further optimization to effectively deal with HD-FDD UEs. The optimization would be to reduce the eNB scheduler complexity while minimizing the impact on the specification. The followings are considerations in the optimization. 
· TX/RX mode switching time: transition time between downlink-to-uplink and timing advance for uplink transmission requires a gap at the DL subframe right before UL subframe. If a gap is dynamically used only when UE switches from DL subframe to the next UL subframe, eNB downlink scheduler shall be aware of UE uplink scheduling so that it either avoids the DL subframe with a gap from scheduling data or uses puncturing with/without rate matching.  To simplify this, a pre-defined DL/UL subframe configuration similar to TDD configurations can be considered. Reusing one of TDD configurations may require heavy specification change. Thus, it may be worthwhile to consider a new configuration to support HD-FDD UEs. The new configuration(s) shall work with currently defined FDD HARQ timing to minimize the impact on specification.
· Potential conflict between downlink and uplink transmissions: since the UE cannot receive and transmit at the same time, eNB scheduler on DL data shall be aware of uplink scheduling of HD-FDD UE. Moreover, eNB DL scheduler to schedule user-specific PDSCH shall consider cell-broadcasted PDSCH (via common search space scheduled) scheduling as well. Likewise, eNB UL scheduler shall be aware of downlink scheduling of HD-FDD UE. For example, scheduling an uplink grant at nth subframe requires scheduling n+4th, n+12th, n+20th, … to be uplink subframe to preserve retransmission timing. Thus, eNB may not schedule any downlink data in n+4th, n+12th, n+20th, … subframe including paging, SIB, SPS downlink data and PDSCH. In some cases, it may not be straightforward to avoid the conflict case solely based on eNB scheduler. One example might be a conflict between RACH and paging. To allow scheduling flexibility and address the potential conflict, a priority based selection mechanism can be considered where either uplink or downlink is determined based on priority of data (such as RACH may have higher priority over paging). 
6.6.2.5
Cell spectral efficiency
As a HD-FDD UE cannot receive and transmit at the same time, the peak data rate of the Category 1 UE operating in HD-FDD mode will be reduced compared to FD-FDD operation. Yet, the HD-FDD UE consumes less resource as well. Since other HD-FDD UEs or FD-FDD UEs can be scheduled in “unused” portion of the HD-FDD UE, overall cell spectral efficiency degradation would not be significant. Some spectral efficiency loss may come from the gap from DL subframe to UL subframe switch which may be eliminated by efficient scheduling. 
6.6.3
Analysis/evaluation of cost reduction
Given the assumptions listed in 6.6.1, it is expected that HD-FDD operation will allow the elimination of duplexer. It would not impact on any other functional blocks as the peak data rate and bandwidth are kept the same as those of the reference modem. 
Table 6.6.3 Relative cost saving estimation for the HD-FDD operation
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown

(for Evaluation)
	LG Electronics

	RF
	
	

	Power amplifier
	25%-30%
	

	Filters
	5%-10%
	

	RF transceiver

( including LNAs, mixer, and local oscillator)
	40%-50%
	

	Duplexer /Switch
	15%-25%
	80%

	Other
	0%-10%
	

	Total of RF
	95%-110%
	20%

	Baseband
	
	

	ADC / DAC 
	10%
	

	FFT/IFFT
	5%
	

	Post-FFT data buffering
	10%-15%
	

	Receiver processing block
	20%-35%
	

	Turbo decoding
	5%-15%
	

	HARQ  buffer
	10%-15%
	

	DL control processing & decoder
	5%
	

	Synchronization / cell search block
	10%-15%
	

	UL processing block
	5%-10%
	

	MIMO specific processing blocks
	5%-15%
	

	Other
	0%
	

	Total of Baseband
	90%-110%
	0%

	Overall relative cost savings
	
	8%


Observations on the evaluation of HD-FDD operation are summarized as:
· Half-duplex operation results in a simplified RF by eliminating duplexer. To total cost saving would be around 8%. 

· Half-duplex operation may not lead considerable loss in both coverage and spectral efficiency.

· To support potentially a large number of HD-FDD MTC UEs without adding too much burden on eNB scheduler, further optimization on LTE Release 8 HD-FDD support may be required.
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