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1 Introduction

The cost drivers and recommended values of the reference LTE modem are captured in Section 5.3 of [1]. In this contribution, cost savings for Half Duplex (HD-) FDD operations are evaluated according to Section 5.3 of [1]. In addition, the analysis of performance influenced by HD-FDD against requirements is presented. At the end, a text proposal for the concept of “half duplex operation” for Section 6.6 of [1] is provided.
2 Discussion on half duplex operation
In HD-FDD operation, transmission and reception at a specific terminal are separated in both frequency and time. However, it is noted that the base station still uses full-duplex FDD (FD-FDD) operation as it may simultaneously schedule different terminals in uplink and downlink.
2.1 Analysis/evaluation of cost reduction

The ratio of RF to baseband cost is 40:60, and the duplexer accounts for 15%-25% of the cost in the RF module [1]. The main benefit with HD-FDD is reduced RF cost as no duplexer is needed in the terminal. Considering the duplexer cannot be removed completely, cost savings are derived from the duplexer using 67% discount, and the overall cost savings range from 4% to 7%. In addition to the cost savings, half duplex operation may lessen the requirements for the baseband processing since either transmission or reception is happening in each subframe. Hence, a slight extra cost reduction may be obtained from the baseband processing but the savings is implementation dependent.

2.2 Minimum data rate
The maximum TB size for 1 TTI is 10296 bits in the downlink and 5160 bits in the uplink defined by Cat-1 UE [2]. Assuming a 50:50 transmission and reception time by an HD-FDD UE, the peak data rates of 5148 kbps downlink and 2580 kbps uplink can be achieved, which exceed the minimum defined for low-cost MTC UE in the SID [3]. 

However, considering that a new UE category with a lower maximum TB size may be defined for low-cost MTC UE, a re-evaluation of whether half duplex operation meets the required minimum peak data rates is needed. Data rate comparison is summarized in Table 1.
Table 1: Data rate comparison

	
	Downlink (kbps)
	Uplink (kbps)

	Required in SID
	118.4
	59.2

	Cat-1 FD-FDD LTE UE
	10296
	5160

	HD-FDD LTE UE
	5148
	2580

	Whether the required data rates are supported is dependent on the new UE category defined.


2.3 Power consumption
(1) RF

The RF power consumed by PA approximately scales with the output power divided by PA efficiency. The maximum portable TX power of GSM and LTE are 1000mW (30dBm) and 200mW (23dBm), respectively. Taking 30%~55% and 20%~30% as the typical values of PA efficiency of GSM and LTE UE, respectively, and considering the power consumption of RF part is almost taken by PA, we can conclude that the RF power consumption of GSM is larger than that of LTE.

(2) Baseband

Although the baseband power consumption of LTE seems larger than GSM because the baseband processing of LTE appears to be more complex than GSM, power consumption is an implementation dependent issue. 
2.4 Impact on specification
During the specification process of LTE R8, issues on half duplex operation had been proposed and discussed, which mainly focused on guard time for uplink and downlink switch and conflicts between uplink and downlink.
(1) Guard time
Similar to TDD, an HD-FDD terminal needs some guard time to switch between uplink and downlink. LTE R8-10 supports HD-FDD, and the guard time is defined as below. Guard time for the downlink-to-uplink switch is created by allowing the terminal to skip receiving the last OFDM symbols in a downlink subframe immediately preceding an uplink subframe. Guard time for the uplink-to-downlink switch is handled by setting the appropriate amount of timing advance in the terminals. 
If the HD-FDD UE is located on the cell edge, it will skip receiving of the last 4 or 5 OFDM symbols for operation in cells up to around 40km [4]. Although PDSCH can be retransmitted by a HARQ mechanism, the efficiency is lower. 
(2) Conflict between uplink and downlink
HD-FDD implies that a single terminal cannot receive and transmit at the same time while the eNB still operates in full duplex. During the specification process of LTE R8, it was proposed that HD-FDD is implemented as a scheduler constraint, implying it is up to a scheduler to ensure that a single terminal is not scheduled simultaneously in uplink and downlink. From a terminal perspective, subframes are dynamically used for uplink or downlink. Briefly, the basic principle for HD-FDD is that a terminal is receiving in the downlink unless it has been explicitly instructed to transmit in the uplink (either UL-SCH transmission or hybrid-ARQ acknowledgements triggered by downlink transmissions). The timing and structure for control signalling are identical between half- and full- duplex FDD terminals.
Half duplex operation makes the eNB scheduler more complex. In addition, eliminating the conflict between uplink and downlink by scheduler constraints may degrade scheduling efficiency. Taking paging as an example, a paging message on the downlink could conflict with a Msg 3 transmission when the UE is RACHing, as the eNB has no knowledge that the paging message is addressed to an HD-FDD UE or that the Msg 3 is from a HD-FDD UE. To avoid the conflict the eNB scheduler can be constrained not to grant Msg 3 on each paging occasion, but this constraint affects the scheduling efficiency. 
In conclusion, although half duplex operation is supported in Release 8-10, it complicates the eNB scheduler. Optimization may be needed as well when a mass of low-cost MTC UEs is introduced in half duplex operation. 
2.5 Cell spectral efficiency
It is apparent that half duplex operation has an impact on the sustainable data rates that can be provided to/from a single mobile terminal since a HD-FDD capable UE cannot transmit and receive in the same subframe. However, the base station is operating in full duplex irrespective of the terminal capabilities. Given a sufficient number of HD-FDD terminals with data to transmit/receive, the eNB scheduler can, with a high likelihood, find one set of terminals to schedule in the uplink and another set to schedule in the downlink in a given subframe. Accordingly, it is expected that cell spectral efficiency of HD-FDD MTC UE is comparable with that of non-MTC LTE UE.
3 Conclusions
In this contribution, UE cost reduction and performance against requirements for the half duplex operation are analyzed. Considering that half duplex operation complicates the eNB scheduler and degrades efficiency, it needs further consideration on whether half duplex operation should be supported.
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6.6 
Half duplex operation

6.6.1
Description
UE is half duplex capability, which implies its transmission and reception occurs in different subframes, and it assumes receiving in the downlink unless it has been explicitly instructed to transmit in the uplink (either UL-SCH transmission or hybrid-ARQ acknowledgements triggered by downlink transmissions).

6.6.2
Analysis/evaluation of performance against requirements 

	Metric
	Impact (Yes/No)

	Coverage (relative to normal LTE UEs)
	No

	Minimum Data rate
	Yes

	Power consumption
	No

	Impact to non-MTC UE
	No

	eNB Hardware impact
	No

	Impact on specification
	Yes

	Cell spectral efficiency
	No


6.6.2.1
Coverage analysis

Half duplex operation in general does not make the coverage worse.

6.6.2.2
Minimum data rate
The maximum TB size for 1 TTI is 10296 bits in the downlink and 5160 bits in the uplink defined by Cat-1 UE. Assuming a 50:50 transmission and reception time by an HD-FDD UE, the peak data rates of 5148 kbps downlink and 2580 kbps uplink can be achieved, which exceed the minimum defined for low-cost MTC UE.

However, whether half duplex operation meets the required minimum peak data rates is dependent on the new UE category defined (if defining a new UE category is approved). Data rate comparison is summarized in Table 6.6.2.1.
Table 6.6.2.1: Data rate comparison

	
	Downlink (kbps)
	Uplink (kbps)

	Required in SID
	118.4
	59.2

	Cat-1 FD-FDD LTE UE
	10296
	5160

	HD-FDD LTE UE
	5148
	2580

	Whether the required data rates are supported is dependent on the new UE category defined.


6.6.2.3
Power consumption
(1) RF

RF power consumed by PA approximately scales with the output power divided by PA efficiency. The maximum portable TX power of GSM and LTE are 1000mW (30dBm) and 200mW (23dBm), respectively. Taking 30%~55% and 20%~30% as the typical values of PA efficiency of GSM and LTE UE, respectively, and considering the power consumption of RF part is almost taken by PA, it can be concluded that the RF power consumption of GSM is larger than that of LTE.

(2) Baseband

It is an implementation dependent issue that the baseband power consumption of either GSM or LTE is worse. 

6.6.2.4
Impact on specification
Half duplex operation is supported in Release 8-10. Optimization may be needed when a mass of low-cost MTC UEs is introduced in half duplex operation. 

6.6.2.5
Cell spectral efficiency
eNB in full duplex operation can, with a high likelihood, find a set of terminals to schedule in the uplink and another set to schedule in the downlink in a given subframe. Accordingly, it is expected that cell spectral efficiency of HD-FDD MTC UE is comparable with that of non-MTC LTE UE. 

6.6.3
Analysis/evaluation of cost reduction 

Cost savings for half duplex operation are derived from the reduced RF cost as no duplexer is needed in the terminal. A slight extra cost reduction may be obtained from the baseband processing and it is dependent on implementation.
Table 6.6.3 summarizes the cost savings for half duplex operation. 

Table 6.6.3: Relative cost savings estimation for half duplex operation

	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended (for Evaluation)
	Half duplex operation

(Relative savings)

	RF

	Power amplifier
	25%-30%
	NA

	Filters
	5%-10%
	NA

	RF transceiver

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

	Duplexer /Switch
	15%-25%
	67%

	Other
	0%-10%
	NA

	Total of RF
	95%-110%
	10%-17%

	Baseband

	ADC / DAC 
	10%
	NA

	FFT/IFFT
	5%
	NA

	Post-FFT data buffering
	10%-15%
	NA

	Receiver processing block
	20%-35%
	NA

	Turbo decoding
	5%-15%
	NA

	HARQ  buffer
	10%-15%
	NA

	DL control processing & decoder
	5%
	NA

	Synchronization / cell search block
	10%-15%
	NA

	UL processing block
	5%-10%
	NA

	MIMO specific processing blocks
	5%-15%
	NA

	Other
	0%
	NA

	Total of Baseband
	90%-110%
	NA

	Overall relative cost savings
	
	4%-7%


---------------------------------------------End text proposal-----------------------------------------------------------











































































