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Introduction

At the last RAN1 meeting, the half duplex operation as a potential technique for cost saving was captured in [1] and agreed. The basic assumption for a reference LTE modem was captured in [2] that single RAT, single band, Cat-1 UE and operated in 20MHz bandwidth, based on which a further consideration on half duplex operation including analysis of cost reduction and performance against requirements is presented in this contribution. 
Discussion on half duplex operation
In half duplex FDD (HD-FDD) operation, transmission and reception at a specific terminal are separated in both frequency and time. However, it is notable that the base station still uses full-duplex FDD (FD-FDD) operation as it may simultaneously schedule different terminals in uplink and downlink.
1.1 Analysis/evaluation of cost reduction

The main benefit with HD-FDD is the reduced RF cost as no duplex filter is needed in the terminal. Based on the assumption that RF and processing account for 40% and 60% of overall LTE modem cost [3], respectively, and considering duplexer may account for 20% of RF part, at most 20%*40%=8% cost saving can be obtained from the RF perspective. On the other hand, half duplex operation may make loose requirements for the baseband processing, since either transmission or reception is happened in each subframe. Hence, extra cost reduction may be obtained from the baseband processing, but it is implementation dependent in fact.

1.2 Minimum data rate
It is defined in the SID [4] that solutions provisioning low-cost MTC UE should support data rates equivalent to downlink 118.4kbps and uplink 59.2kbps, which are interpreted as the minimum peak data rates, and higher data rates should not be precluded. 
Half-duplex capability LTE UE cannot transmit and receive in the same subframe, and it is expected that the peak data rate in duration is thus reduced compared with that achievable by FD-FDD LTE UE. The maximal TB size in 1 TTI is 10,296 bits in downlink and 5,160 bits in uplink defined by Cat-1 UE [5]. Assuming transmission and reception time in a frame by an HD-FDD UE is fifty-fifty, the peak data rates for downlink 5,148kbps and uplink 2,580kbps can be achieved, which exceed the minimum defined for low-cost MTC UE in the SID [4]. 
However, considering a new category with lower maximum TB size maybe needs to be defined for low-cost MTC UE, it is FFS whether half duplex operation meets the required minimum peak data rates. Data rate comparison is summarised in Table 1.
Table 1: Data rate comparison
	
	Downlink
	Uplink

	Required in SID
	118.4kbps
	59.2kbps

	Cat-1FD-FDD LTE UE
	10,296kbps
	5,160kbps

	HD-FDD LTE UE
	5,148kbps
	2,580kbps

	If a new category is defined, whether the required data rates are supported is FFS.


1.3 Power consumption
It is required in [4] that the power consumption of low-cost MTC UE is no worse than that of GSM/GPRS. As we know for uplink and downlink separation, FDD is not only in GSM; but also, the uplink and downlink bursts of a duplex link are separated by three time slots. In general, simultaneous Tx and Rx are not required in the GSM terminals, but in GPRS it depends on the class of mobile handset. It is expected that RF power consumption can be reduced by HD-FDD GSM UE in comparison with that by FD-FDD GPRS UE, since transmitter and receiver need not work simultaneously in a subframe. Power consumption of HD-FDD LTE UE in contrast with GSM UE operating in a half duplex way is analysed accordingly in this section.
(1) RF

It was agreed in [2] that methodology for power consumption analysis of RF is based on transmission time and total UE transmit power during the transmitting time, reception time as well as PA efficiency. Denote the maximal transmit power
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, respectively, where the superscript for LTE or GSM is omitted for brevity. Considering RF power consumed by PA approximately scales with the output power divided by PA efficiency, power consumption of Cat-1 FD-FDD LTE, HD-FDD LTE and GSM UE in duration 
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are summarised in Table 2, where two extreme cases are taken in account for HD-FDD LTE UE, in which either receiver or transmitter works in duration
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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

Denote the number of baseband operations for uplink 
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and downlink
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, respectively, where the superscript for LTE or GSM is omitted for brevity. Baseband complexity evaluation or comparison is used instead for baseband power consumption analysis [2], which is summarised in Table 2. Compared with FD-FDD LTE UE, if no further changes are introduced to baseband and two extreme cases are considered, it seems to conclude that baseband power consumption of HD-FDD LTE UE is less than that of Cat-1 FD-FDD LTE UE since either uplink or downlink occurs in each TTI. However, it is an implementation dependent issue in fact. 
Furthermore, it seems that the baseband power consumption of LTE is more than that of GSM because the baseband processing of LTE seems to be more complex than that of GSM, but it is an implementation dependent issue as well. Considering baseband changes may be introduced to LTE, e.g., bandwidth reduction for MTC-UE, it is worth further study that whose baseband power consumption is worse.
Conclusions in power consumption are summarised in Table 2 as below.
Table 2: Power consumption comparison

	
	GSM
	HD-FDD LTE UE
	Cat-1 FD-FDD LTE UE

	RF
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	Baseband
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	Conclusions in power consumption: 
· From each perspective (Including RF, baseband and overall):  
HD-FDD LTE UE > Cat-1 FD-FDD LTE UE
· From RF perspective:   GSM > HD-FDD LTE UE Cat-1> FD-FDD LTE UE


1.4 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 conflict between uplink and downlink.
(1) Guard time
Similar to TDD, an HD-FDD terminal needs some guard time for 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 receipt of 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 receipt of the last 4 or 5 OFDM symbols for operation in cells up to around 40km [6]. Although PDSCH can be retransmitted by HARQ mechanism, the efficiency is lower. Furthermore, considering E-PDCCH may be used by HD-FDD UE, the performance will be significantly degraded by miss detection of E-PDCCH if it is FDM in PDSCH region.
(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 the smart scheduler to ensure that a single terminal is not scheduled simultaneous 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 a downlink transmission). The timing and structure for control signalling are identical between half- and full- duplex FDD terminals.
It seems that there are occasions that uplink and downlink cannot be avoided by scheduler constraints. Taking paging as an example, when eNB sends paging message on UE’s paging occasion, on which eNB may grant msg3 to the HD-FDD UE while it is initiating the RACH process. Paging message thus collides with msg3 on paging occasion, since eNB has no knowledge that the paging message is addressed to an HD-FDD UE. 
In conclusion, impacts on specification introduced by HD-FDD exist and need to be considered further.

1.5 Cell spectral efficiency
It is required in [4] to provide significantly improved average spectrum efficiency for low data rate MTC traffic compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks, and  ideally comparable with that of LTE.
(1) Compared with that achieved for R99 GSM/EGPRS terminals
Cell spectral efficiency comparison between LTE and GSM based on simulations is illustrated in [7], from which it can be deduced that the cell spectral efficiency of LTE is significantly higher than that of GSM. Although the cell spectral efficiency may be decreased because of coexistence of MTC UE (especially for HD-FDD MTC UE) and non-MTC UE, it is expected that it still be higher than that of GSM.
(2) Compared with that of LTE
It is apparent that half duplex operation has an impact on the sustained data rates that can be provided to/from a single mobile terminal, since HD-FDD capability 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 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.
Conclusions
In this contribution, UE cost reduction and performance against requirements for the half duplex operation are analysed. Considering half duplex operation has impacts on specifications, it needs further consideration on whether half duplex operation should be supported.
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