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1 Introduction

It was agreed in early 2007 (Sorrento meeting) to support half-duplex operation from the terminal perspective.  In [1], some further details of half duplex operation were described.  In this document, we cover similar ground to that laid down in [1] and attempt to clarify some further details of half duplex system operation.

2 Uplink/Downlink Control Signalling and Timing

For full-duplex FDD there is a fixed timing relationship between a DL grant and the DL-SCH ACK/NACK.  This synchronicity is also present between an UL grant and an UL-SCH transmission and between an UL-SCH transmission and a PHICH.

In the case of half-duplex UE operation, retention of this synchronicity prevents the scheduler from assigning more than 50% of the resources to a given link direction (see the example of Figure 1) and hence achievable user data rates are noticeably restricted.
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Figure 1
To avoid this restriction it is preferable to instead consider the UL/DL pattern of the UE (which may be asymmetric) when deriving the logical timing relationships between:

· DL-SCH and ACK/NACK

· UL-SCH and PHICH

· PDCCH carrying UL grant and UL-SCH

Thus, these may no longer have a strictly synchronous relationship but their timings are known as a function of the UL/DL pattern under which the UE is operating.  This type of operation is therefore the same as was proposed in [1] and allows for greater scheduling freedom and increased UE data rates.

In these circumstances, the UE must be able to transmit more than one ACK/NACK within an UL sub-frame (i.e. on UL-SCH or on PUCCH).  The current PUCCH structure will therefore need to be modified to support such multiple ACK/NACK transmission.

Similarly, the PHICH should be able to carry more than one UL-SCH ACK/NACK to one UE.  This does not require modification of the PHICH structure, only of the logical mapping between UL-SCH and the specific ACK/NACK on the PHICH.

For cases in which UL data rates need to be preserved for a given UE, it is desirable for the eNB to be able to allocate multiple UL-SCH sub-frames using a single PDCCH.  This allows for increased use of sub-frames at the UE for uplink data transmission.

3 UE reception of PDCCH

Clearly the UE receiver needs to be enabled for the purposes of PDCCH reception and to identify the presence of downlink or uplink allocations.  Therefore the eNB needs to have knowledge of the sub-frames in which the UE receiver is actively looking for PDCCH (in a similar way to DRX operation).

One option that has been suggested is to use semi-statically configured UE-specific Tx/Rx patterns.   A further option is to define a reduced set of Tx/Rx patterns to which UEs may be assigned via the UE-specific signalling.

It should be borne in mind that the use of UE-specific patterns may require some form of basic UL/DL pattern to receive the signalling in the first instance (i.e. before the UE-specific pattern is known).

4 Signalling Flexibility

Given that half duplex UEs are not required to transmit and receive at the same time, the use of a duplexer is naturally avoided in the terminal.  In this scenario usage of uplink and downlink frequencies can become more flexible than for the full duplex scenario in which fixed filters are often present for the UL and DL bands.  Thus consideration should be given to providing configurability of the UL and DL frequencies as part of the higher layer signalling support for half duplex operation.  In this way, support for diverse spectrum arrangements is improved.

5 Switching Period

In the half-duplex UE, RF switching between DL and UL has a finite duration and margin for this switching time needs to be accommodated within the design.  The same is also true for UE RF switching between UL and DL.  In the event that the UE is required to transmit in a sub-frame immediately following a reception sub-frame, time also needs to be provided to accommodate the round trip propagation delay (i.e. the degree of timing advance applied to the UE).

Typical round trip delays would be of the order of 1μs to 50μs (for example for cells between 100m and 7.5km).  Typical RF switching times vary depending on implementation but values of the order of 10μs are considered reasonable.  As such, the overall time reservation for the switching period would be of the order of 70μs for commonly-occurring cell sizes (equivalent to around 1 OFDM symbol duration).  As such, time reservation for switching and timing advance should be configurable with 1 symbol granularity.  It is preferred to take the reserved switching time region from the end of downlink sub-frames so that the structure of the uplink control signalling is not affected.  Furthermore, puncturing of reference signals is not overly desirable as this can complicate the UE terminal processing and reduce performance.  For both the normal and extended cyclic prefix lengths, 1 or 2 OFDM symbols may be reserved for switching time before puncturing of reference signals occurs and would be sufficient for operation in cells up to around 20km. Cells beyond this size could be supported by reservation of more symbols whilst not removing the reference signal symbols in line with the proposal of [1].  The switching period (1 or several OFDM symbols) may vary between UEs of the same cell according to the UE-specific timing advance value, i.e. the UE distance to the eNode B. Half-duplex operation in very large cells is possible by allowing a full sub-frame between a UE’s active reception and transmission periods.  Examples of these configurations are shown in Figure 2.

It is preferable that the eNB takes any UE-specific shortening of downlink sub-frames (i.e. by 1 or several OFDM symbols) into account when performing the scheduling and assigning the MCS for the UE in question.
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Figure 2 – Maximum reservation for switching time and timing advance for half-duplex UEs

The switching time between UL and DL is created by timing advance means: UL sub-frames of half-duplex UEs are received around 10μs in advance compared to the DL sub-frames with the same positions in the 10 ms frame. In order to make full-duplex and half-duplex UEs coexist in the same cell operated in full-duplex FDD, the same 10μs time-shifting of UL compared to DL subframes must apply for full-duplex UEs.

6 Conclusion

In this paper some of the basic principles of half duplex operation have been discussed.  In order to move the specifications forward in this area we propose the following are adopted as the basis for further work:

· The eNB scheduler shall have knowledge of the times during which the UE is able to receive (for the purposes of PDCCH transmission)

· In order to avoid restriction of UE data rates, the timing relationships between UL/DL data transmission and the corresponding ACK/NACKs need not be synchronous and shall take into account the known UE Tx/Rx pattern

· The UL control signalling (on UL-SCH and on PUCCH) shall allow for transmission of multiple ACK/NACK

· The UE may receive multiple ACK/NACK via the same PHICH

· A reserved period for RF-switching and timing advance shall be provided at the end of any downlink sub-frames preceding an uplink sub-frame in which the UE is required to transmit

· The duration of this period may be set with symbol-level granularity
· DL reference signals are not punctured

· For very large cell operation, the reserved period can instead be created by the scheduler (i.e. ensuring a minimum of 1 logical sub-frame exists between UE reception and transmission)
· Uplink sub-frames of full-duplex and half-duplex UEs are received in advance (a few μs) compared to DL sub-frames
· Flexible signalling of UL and DL frequencies by higher layers shall be provided to enable support for diverse spectrum assignments

· Granting of UL-SCH resources which are replicated over multiple TTIs via a single PDCCH grant format should be considered to avoid restriction of UL data rates
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