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1. Introduction

At RAN1#47bis in Sorrento, it was decided to support half-duplex operation for FDD terminals. In half-duplex FDD, transmissions and receptions are non-overlapping in time from a UE point-of-view. From a base station 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. According to 36.211, half-duplex FDD uses the same frame structure as full-duplex FDD and a mix of half and full duplex UEs in a cell could therefore be possible.

This document will highlight some of the design aspects related to control signaling for half-duplex FDD.

2. Discussion

2.1. Uplink-Downlink Allocation

To realize half-duplex operation, it is proposed to semi-statically assign a UE-specific transmission/reception pattern to UEs operating in half-duplex. The pattern, of which an example is given in Figure 1, informs the UE in which subframes it is supposed to listen to downlink transmissions and in which subframes it may be scheduled for uplink transmissions. This knowledge is also used by the scheduler when as part of the scheduling process. 

With this approach, a wide range of asymmetries can be configured for a UE, the only limitation being that subframe 0 and 5 are for reception. The set of subframes for transmission and reception, respectively, can either be flexibly configured or a set of configurations can be defined in the specification. In case an uplink subframe follows immediately after a downlink subframe, guard time as discussed in Section ‎2.3 is required. This guard time can either be separately signaled or be part of the transmission/reception pattern configured in the UE.

2.2. Uplink Control Signaling

Uplink control signaling can obviously only be transmitted in the subframe where the UE is configured for transmission. Thus, the timing of the ACK/NAK may not necessarily be identical to that of full duplex FDD, but must rather be adjusted such that it coincides with a transmission subframe. Furthermore, depending on the asymmetry, multiple ACK/NAKs may need to be fed back in one subframe. The same signaling structures as developed for TDD can be reused for half-duplex UEs.

2.3. Guard time

When switching from DL to UL (and vice versa), the UE needs to retune to a different frequency. This requires the possibility to create a guard time for the UE to do the switch. The time for switching depends on the implementation but is in the order of one OFDM symbol. Note that this time is only needed if the transmission follows immediately after reception for a given UE. Thus, the guard time in half-duplex is purely needed from a UE perspective, not from a system perspective. This follows from the fact that despite the terminals being half-duplex, the system is using full-duplex FDD.

The guard time for the DL-to-UL switch can be created in the downlink by muting the last OFDM symbols in the subframe immediately preceding an uplink transmission from the same UE
. This guard time should only affect the transmission of the PDSCH to that UE. In order not to affect other (full-duplex) UEs the reference symbols should not be muted. 

The time for the UL-to-DL switch is created by using timing advance to adjust the uplink timing such that a guard time for the UL-to-DL switch is obtained
. Thus, in this case, timing advance is used not only to compensate for the propagation roundtrip but also to create guard time for the UL-to-DL switch. Note that the timing for full-duplex UEs must be set in the same manner in order to maintain inter-UE orthogonality at the eNodeB.

Finally, if scheduling of half-duplex UEs is done in such a way that there always is an empty subframe between uplink and downlink activity (including control signaling), no “guard time mechanisms” are required. However, this will significantly limit the scheduling flexibility, especially taking into account the mandatory downlink transmission in subframe 0 and 5.
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Figure 1: Example of half-duplex operation and the associated ACK/NAK signaling.
3. Conclusion

It is proposed to support half-duplex operation by

· Semi-statically configure a UE-specific transmission/reception pattern for half-duplex UEs

· Create the necessary guard time by using timing advance and muting the last part of the downlink PDSCH transmission prior to a  downlink-to-uplink switch for a given UE

· Use similar mechanism as developed for TDD for transmission of uplink control signaling (e.g. ACK/NAK)

� This could be expressed as the UE is allowed to ignore the last part of the downlink subframe, but to compensate for the performance loss from this “receiver-side puncturing”, it can be beneficial to take it into account at the eNodeB.


� In principle the necessary guard could be created by muting the first part of an uplink subframe immediately following a downlink subframe to that UE, but this would impact the design of the uplink control signaling and is therefore not preferred.
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