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1 Introduction
During RAN1#67 discussion of the study item of low-cost MTC UEs [1], a few concepts were agreed to be further considered because they were identified to have >= 10% cost reduction [2]. These concepts are:
· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation

In this contribution, we discuss the impact of half duplex operation on the cost, specifications and performance.

2 Discussion
2.1 Cost saving
Half duplex operation would allow the replacement of the more expensive duplexer by a less expensive switch, hence leading to a potential cost reduction for the UE. As indicated by the recommended values for the cost drivers for the reference LTE modem in [3], the duplexer accounts for 15-25% of the RF cost, and the RF cost accounts for 40% of the total UE modem cost. This means the cost of the duplexer is 6-10% of the total UE modem cost. The actual cost saving would depend on the cost of the switch compared to that of the duplexer.

It is possible that there may be some savings on the baseband processing given that the UE does not need to transmit and receive at the same time. However, it is expected that there is some overlapping time between the DL and UL baseband processing, so the savings from baseband are probably negligible.
2.2 Specification and implementation impact

RAN1 specifications in Rel-8/9/10 can support half duplex FDD relying on the eNB implementation solution, meaning that the eNB avoids the simultaneous transmission and reception of the UE via careful scheduling. Therefore, half duplex FDD UEs can work without any RAN1 specification changes. However, new RAN4 requirements may need to be defined for half duplex FDD UEs.

There is also some performance impact for half duplex UEs without any RAN1 specification changes, as discussed in Section 2.3. If further optimization is to be done, the RAN1 specifications would be impacted.

Although it is possible to support half duplex FDD without significant specification impact, it should be acknowledged that it would add considerable complexity to the eNB implementation. As of today, majority of the eNBs do not yet support half duplex FDD UEs, so additional changes are needed to support it. To be more specific, the scheduler at the eNB would need to make sure that the DL transmission for the UE (PDSCH including retransmissions, PDCCH, PHICH, and some broadcast signalling) does not conflict with the UL transmission from the UE (PUSCH including retransmissions, PUCCH for periodic CQI reporting and HARQ-ACK, SRS). This puts severe constraints on the eNB’s scheduler that introduces significant complexity. If additional care is to be taken to leave a gap of at least one subframe between DL and UL subframes, that is additional constraint on the scheduler.
2.3 Performance impact
2.3.1 Power consumption

UE power consumption would depend on the transmission time and the actual UE transmit power on the UL and the reception time on the DL. The transmission time (UL) and the reception time (DL) are always non-overlapping for half duplex UEs, but can have some overlapping for full duplex UEs. For each instance, the half duplex UEs may consume less power than the full duplex UEs. However, it is unclear whether the half duplex UEs have lower average power consumption considering the longer total duration of transmission and reception.
2.3.2 Coverage

The UL coverage may be improved due to the removal of the duplexer insertion loss without the duplexer. Whether the DL coverage may be improved or not would depend on whether the system is interference limited or noise limited.
2.3.3 Cell spectral efficiency

Although each UE is operated in half duplex mode, the eNB can schedule some UEs to transmit and some UEs to receive in the same subframe.
As specified in TS 36.211, Rel-8/9/10 currently supports half-duplex FDD via the following: “For half-duplex FDD operation, a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.” This would affect the PDSCH performance since part of a DL subframe is not received. The number of OFDM symbols that a UE cannot receive depends on the distance between the UE and the eNB. For a typical cell radius (< 10 km), one OFDM symbol would be sufficient. This can be roughly translated into 1/11 = 9% reduction (assuming CFI = 3) in DL cell spectral efficiency if it occurs on all the DL transmissions. Note that the loss is incurred only when the subframe immediately following the DL subframe carries the UL transmission, which may not always be the case.
Not receiving the last OFDM symbol also affects the channel estimation based on DM-RS for TM8/9. It would not be an issue if TM8/9 is not used.
On the other hand, with the removal of the duplexer insertion loss, the DL and UL spectral efficiency may be slightly improved.

3 Conclusion
The cost saving from half duplex FDD is expected to be small.
It may have some impact on RAN4 specifications. RAN1 impact may also be expected if further optimization is to be done. In any case, significant complexity is expected on the scheduler implementation at the eNB.

The UL coverage may be improved due to the removal of the duplexer insertion loss. There may be some impact on the cell spectral efficiency, but it is not expected to be significant in typical cases.
We propose to capture the above discussion into the TR.
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