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1 Introduction
A work item has been approved in RAN#60 on "Low cost & enhanced coverage MTC UE for LTE" [1] with the objective to specify a new UE category for MTC operation in all LTE duplex modes and provide a relative LTE coverage improvement of 15dB for FDD. This new UE type shall support the following capabilities:

· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband

Half duplex operation of the MTC UE is one of the high priority techniques to bring complexity and cost reductions in the new UE category [2] (36.888). This contribution provides an overview of the half duplex mode of operation for MTC UEs and identifies the key issues that require further investigations in RAN4.
2 Discussion
It is mentioned in the WID for "Low cost & enhanced coverage MTC UE for LTE" [1] that the low cost MTC capabilities (identified in section 1) are to be supported for all duplex modes. Investigations in RAN1 [2] have acknowledged the cost and complexity reductions due to HD-FDD.  

2.1 Half duplex operation
In half duplex FDD (HD-FDD) mode of operation, transmission and reception at a specific terminal are separated in both frequency and time. However, it is worth noting that the base station still uses full-duplex FDD (FD-FDD) operation as it may simultaneously schedule different terminals in uplink and downlink. In terms of terminal design, the HD-FDD operation eliminates the need for TX-RX isolation, however a switch is required to ensure discrete transmission and reception at the UE. Additional filters/duplexers may also be considered. This architecture modification will also have an impact on the receiver characteristics and the UE performance. Figure 1 illustrates a generalized design for a HD terminal featuring a single receive RF chain according to [2] and assuming to additional filters in the chain.

[image: image1]
Figure 1: HD UE with single receive RF chain
In terms of performance, investigations in RAN1 indicate that:

· The implementation of HD-FDD will impact reference sensitivity and will be frequency band dependent. 

· As a HD-FDD UE cannot transmit and receive in the same sub-frame, the peak data rate is thus reduced in comparison to an FD-FDD LTE UE.

2.2 Standardization Impact

It is to be noted that UE capability and corresponding RRC signalling to support half duplex FDD operation for LTE has been specified in 3GPP core specifications since LTE Rel-8. 
For example the UE capability is specified in [3] as follows: 
4.3.5
RF parameters

4.3.5.1
supportedBandListEUTRA
This field defines which E-UTRA radio frequency bands (in TS 36.101) are supported by the UE. For each band, support for either only half duplex operation, or full duplex operation is indicated. For TDD, the half duplex indication is not applicable.
The corresponding RRC signalling is defined in [4]:
UE-EUTRA-Capability information element
SupportedBandListEUTRA ::=


SEQUENCE (SIZE (1..maxBands)) OF SupportedBandEUTRA 

SupportedBandEUTRA ::=



SEQUENCE {


bandEUTRA






INTEGER (1..64),


halfDuplex






BOOLEAN

}
However, the RAN4 specifications do not consider HD-FDD operation. The initial assessment of impact on RAN4 requirements is as follows:
A HD-FDD capable UE should not be scheduled by the eNode B for UL and DL transmissions simultaneously. The eNode B has to support both HD-FDD and full duplex FDD UE in the same band. This is an eNode B implementation issue. Therefore we don’t foresee any impact on base station core or performance requirements.

On the other hand RAN4 needs to specify core and possibly also performance requirements for HD-FDD capable UE. In addition some requirements specific to HD-FDD such as switching time between uplink and downlink subframes and their corresponding time masks also need to be specified. 
As mentioned previously, the HD-FDD MTC UEs shall use different sub-frames for UL and DL transmissions. As such, it is expected that there is a need for guard periods at the downlink-to-uplink and uplink-to-downlink switching instances. As per the regular HD-FDD LTE UE specifications, this guard period for DL-to-UL switching is created for example by allowing the terminal to possibly skip receiving at least part of the last OFDM symbols in a DL sub-frame. The sub-frame is then immediately preceded by an UL sub-frame. RAN4 needs to investigate these aspects in more detail.
Observations:

· The UE capability and signalling to indicate support for HD-FDD operation already exists since Rel-8. 

· RAN4 core and performance requirements for HD-FDD operation are missing:
· We don’t foresee any impact on BS requirements to support HD-FDD operation

· UE requirements are likely to be impacted and new requirements such as those related to switching between uplink and downlink sub-frames need to be specified.

3 Conclusion
This paper discussed the half duplex aspects of the MTC UE and highlighted the corresponding impact in RAN4. In summary, the following major observations are made:
· The UE capability and signalling to indicate support for HD-FDD operation already exists since Rel-8. 

· RAN4 core and performance requirements for HD-FDD operation are missing:

· We don’t foresee any impact on BS requirements to support HD-FDD operation

· UE requirements are likely to be impacted and new requirements such as those related to switching between uplink and downlink subframes need to be specified.
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