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1. Discussion

LTE radio access supports operation in both paired and unpaired spectrum by supporting both frequency-domain (FDD) and time-domain (TDD) duplex arrangements characterized by: 

· FDD: Downlink and uplink transmission in different, sufficiently separated frequency bands
· TDD: Downlink and uplink transmission in non-overlapping time intervals (different sub-frames)

Furthermore, there has, already since the early LTE discussions, been a clear requirement, see TR25.913, that there should be a minimum of deviations between the LTE radio access targeting paired and unpaired spectrum respectively. This requirement is especially fulfilled with the “generic” LTE TDD frame structure. 

Inherent in the discussions on duplex alternatives is often the assumption that, in case of frequency-division duplex, there can be simultaneous uplink and downlink transmission on a given network/UE radio link, i.e. simultaneous UE transmission and reception. This is e.g. the case for UTRA/FDD. However, this may not necessarily always be the case. One excellent example is GSM for which, although clearly being an FDD-based system in the sense that downlink and uplink transmission take place in different, sufficiently separated frequency bands, there is no simultaneous uplink and downlink transmission on a network/UE radio link, i.e. there is no simultaneous UE transmission and reception
. In some sense this can be seen as the presence of an, on a link level, additional TDD component, in addition to the FDD component. It is important to note though that this additional TDD component only exists on a link level, i.e. only exists from a UE point-of-view. There can very well be, and almost always are, simultaneous downlink and uplink transmissions within a cell, although to/from different UEs. 

The benefit of this kind of, from a UE point-of-view, “half-duplex” FDD operation is that the requirements on the UE duplex filtering, separating uplink and downlink transmissions at the UE, can be relaxed. This could be especially beneficial for multi-band UEs, supporting operation in a large number of different frequency bands, as such UEs would need to implement a duplex filter for each supported frequency band. Allowing for such terminals to only support half-duplex operation at least in some frequency bands could thus allow for earlier and more extensive availability of multi-band LTE terminals supporting a larger number of frequency bands. In the end, this could allow for more efficient utilization of available spectrum.

Half-duplex operation could also, at least partly, avoid the potential losses of the duplex filter. This would allow for reduced power-amplifier output power and thus reduced UE power consumption and improved battery life.

Thus we believe it to be worth considering the support for UE half-duplex operation as part of LTE. Two scenarios can be envisioned: 

· Certain low-end terminals are only capable of half-duplex operation, at least in certain frequency bands. This would allow for lower-complexity UEs at the expense of reduced peak-data rates (for these UEs). It should be noted though that, for low-end UEs, the peak data rates may anyway be limited by other constraints such as the hybrid ARQ soft buffering. 

· All UEs are capable of full-duplex operation. However, lower-rate services can be implemented with half-duplex operation, allowing for reduced UE power consumption in such situations. It should be noted that this scenario would, in contrast to the previous scenario, not require network support for half-duplex operation. 

The half-duplex operation must be fully compatible with full-duplex FDD operation as half-duplex and full-duplex communication is to co-exist on the same carrier bandwidth. Thus, half-duplex operation should be derived from full-duplex operation, by simply adding the additional constraints that the UE should not need to carry out simultaneous transmission and reception. In general, we believe these constraints can simply be taken into account in the scheduling (jointly by the downlink and uplink scheduling) also taking into account e.g. L1/L2 control signaling. Also, the presence of a only-half-duplex-capable UE in a cell should not, in anyway, impact full-duplex-capable UEs in the same cell.
2. Proposal

It is proposed that the possibility for half-duplex FDD operation is considered when completing the design of the LTE radio access. Two scenarios should be considered:

· Certain, low-end, terminals are only capable of half-duplex operation, at least in certain frequency bands. 

· All UEs are capable of full-duplex operation. However, lower-rate services can be implemented with half-duplex operation, allowing for reduced power consumption

It is proposed that both these cases are to be considered during the continued specification of the LTE radio access, for example in the discussions on the L1/L2 control signaling.

� This is not always valid in case of multi-slot transmission supported by later GSM releases, in which case, for high-end terminals there may be simultaneous downlink and uplink transmission on a given radio link.





