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1.
Introduction

In the RAN1 LTE adhoc in June 2006, in [1] the use of half-duplex (HD) FDD for LTE was proposed. There were a number of concerns about that particular proposal, and the intention with this new contribution is to provide an analysis of the pros and cons, with a view to propose a way forward on this topic. 
2.
Basic concept and deployment scenario
The difference between UE and Node B requirements were indicated for both “paired” and “unpaired” spectrum in [1]. However the intention of this paper is just to discuss HD-FDD from the point of view of “paired” spectrum. In this sense, the following capabilities are needed from Node B and UE:
· eNode B: Simultaneous UL/DL operation applied.

· UE: Simultaneous UL/DL operation is NOT applied. 

The question as to whether full duplex FDD UEs should be supported within the same cell/Node B only seems to be important from the Node B point of view, and Vodafone currently feel that the main benefit for HD-FDD is from a spectrum allocation point of view where, in bands where there may be diversity in spectrum availability for LTE between different countries and/or regions, a consistent duplex spacing between uplink and downlink frequencies may be difficult to ensure between these countries and/or regions. Therefore a HD-FDD mode of operation for such bands would allow for more flexibility here in that the duplex distance does not cause significant impacts to the UE design, and may increase the applicability and efficiency of LTE deployment to a wider range of frequency bands.
Of course there should also be a benefit from the UE point of view in these bands, in that a duplexer does not need to be implemented, and therefore filtering losses in the Tx and Rx chain can be reduced. However these benefits would be reduced if the UE was supporting both full-duplex (FD) FDD and half-duplex FDD.

The benefit for UE implementation of the use of HD-FDD for other bands seems to depend on whether this UE is supporting already UTRAN FDD in those bands.
3.
Pros and cons of Half-Duplex FDD
Pros:

· In bands where there is diverse spectrum availability between countries and/or regions, the HD-FDD mode of operation could give more flexibility for spectrum allocations for LTE. This could increase the applicability and efficiency of LTE to a larger range of frequency bands.
· Particularly for those LTE bands supported by UEs where UTRA FDD is not already supported, the lack of the FDD duplex filter should give improvements to the UE in the areas of battery consumption, PA cost, output power, or Rx sensitivity.
· The performance should be no worse than that of a TDD LTE system.
 

Cons:
· For the case of FD-FDD and HD-FDD UEs operating in same cell, the use of a “TDD like” and “FD-FDD like” scheduling operation MAY be more complicated for the eNode B design.
· The performance in terms of combined UL/DL peak throughputs and CQI feedback would be similar to that of TDD, and therefore worse than that of FD-FDD. But some of this may be counteracted by increased UE Tx power and Rx sensitivity.
4.
Specification work

In terms of introduction of HD-FDD into the 3GPP LTE specifications, it is felt that:

From a radio protocol and layer one point of view, it is expected that the specification of FD-FDD and TDD should cover most of the architectural details. However there would of course need to be changes to RRC at least to allow HD-FDD.
From a RAN4 point of view, it is expected that most of the band-independent performance requirements (e.g. demodulation, RRM, probably adjacent channel requirements …) would either be duplicated from FD-FDD or TDD modes of operation. And it may be sensible for the applicability of the HD-FDD mode of operation to be decided on a band-by-band basis within the specifications, as this would also remove unnecessary options from the standard in the case where FD-FDD is not seen to be a problem. 
5.
Proposed way forward

The following is proposed:
· That the LTE system design should not implicitly rule out the adoption of HD-FDD in the future, unless somebody identifies a huge problem that would make the pain v gain trade-off of HD-FDD not worth the implementation effort.
· If no such issues are identified, then at least the layer 1/2/3 protocol aspects of HD-FDD should be identified for implementation into the LTE specifications, with a view to creating band-dependent radio requirements for those bands (current and future frequency bands) where this mode of operation is deemed beneficial for the operation of the system.
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