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1 Background 
The principles agreed for Half-duplex FDD operation was brought up at RAN4#46 in Sorrento in an LS from RAN1[1]. Potential advantages and implications of HD-FDD was also brought up in some papers to that meeting [1,2]. This contribution provides some further input on HD-FDD regarding its possible use in different scenarios and frequency band combinations.
2 Scenarios in various frequency bands
Most RAN4 discussions around HD-FDD operation has been concerned with the UE impact and advantages for operation in the present E-UTRA frequency bands, usually one at a time. To see the full picture, one should however also look at combinations of bands in multi-band devices and the implementation of future frequency bands. 

2.1 Small or undefined duplex band gap

One area where HD-FDD is identified to give advantages is for operating bands where the duplex band gap is small in comparison to the uplink and downlink band sizes. Possible degradation of receiver sensitivity due to self-interference from Tx to Rx is shown to give limitations that may require relaxations in UE performance when using the larger channel bandwidths for UE transmission [2]. 

Bands with relatively small band gaps are E-UTRA bands 5, 6, 8 and 11. Also the new 700 MHz bands (12, 13 and 14) have these limitations. The situation for these bands is demonstrated in principle in Figure 1. Because of the close proximity of the Tx and Rx frequency ranges, it is difficult to avoid self interference from Tx to Rx when transmitting with higher channel bandwidths. 

HD-FDD operation can for these bands be a tool for avoiding the self interference, by not having simultaneous transmission and reception. The duplex filter in the UE can then be replaced by separate Rx and Tx filters together with a band switch, as shown in [4].
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Figure 1 Example scenario with small duplex band gap
The situation may be even more constrained in terms of the duplex band gap than shown in Figure 1. Band pairings can be defined without any pre-defined duplex gap. One example of such a scenario is the spectrum decisions for the bands 3.4-3.6 GHz and 3.6-3.8 GHz in Europe [5]. Such a scenario is demonstrated in Figure 2 below. Here it is clear that a full duplex UE implementation covering the full uplink and downlink is not even possible, independent of the transmitted channel bandwidth, since there is no gap allowing for filter roll-off.
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Figure 2 Example scenario with undefined duplex band gap
2.2 Operation in non-Harmonized frequency arrangements (e.g. UHF band)

The situation described above where a band pairing is defined with no explicit band gap will usually imply that the band is actually deployed with a certain band gap, but the exact pairing and gap position may vary from country to country. The situation may become even more complicated when a new frequency band is identified, but have different restrictions in terms of legacy technology deployed in different countries (and regions). This is the situation for the UHF band, which through the decisions in WRC’07 will become available also for mobile use.

When the available spectrum and the legacy restrictions vary from country to country, there may be multiple band pairing options for a band as demonstrated in Figure 3 below. With full duplex FDD implementation, each FDD option would require its own band definition and a separate duplex filter implementation in the UE. 

With HD-FDD operation, there is a possibility to efficiently combine the different pairing options in a single implementation. As shown in Figure 3, the options are combined for the UE to one single Tx and one single Rx frequency range. Since Tx and Rx do not have to operate simultaneously in HD-FDD, there is no problem of overlapping Rx and Tx frequency ranges from a self-interference point of view, thereby greatly reducing the complexity of a UE covering multiple band options.
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Figure 3 Example scenario with multiple options for the frequency arrangement
3 Other considerations of HD-FDD
When further analysis of HD-FDD operation is performed in RAN4 for the scenarios described above, some areas need special consideration:

· The scenarios above identify HD-FDD advantages for certain band pairing scenarios. The relevant bands need to be identified for the continuing RAN4 work. There are clearly bands where HD-FDD operation seems to be of less interest.

· Since HD-FDD may become essential in some bands, but of less importance in other, it will in some ways be connected to the UE capabilities and especially the band capabilities of a UE.
· Close proximity (or overlap) of Rx and Tx frequency ranges is not only a concern for self-interference, but also for UE-to-UE scenarios. The definition and implementation aspects of UE unwanted emissions and blocking performance requirements will therefore be of high importance for HD-FDD.

· For the evolution of LTE into IMT-Advanced, it will be necessary to identify larger spectrum ranges for pairing in order to accommodate carriers with even higher channel bandwidths. For such band pairings, it is clear from the analysis above that HD‑FDD operation may become an important component.

4 Summary
This document has shown frequency band scenarios where HD-FDD shows clear advantages over full duplex operation. The self-interference problem can be alleviated in present bands with small band gaps and this becomes even more important in new bands that are defined without explicit band gaps. For bands with several country or region specific band pairing options, the complexity of UE filters can be greatly reduced.
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