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1 Introduction
Frame early termination (FET), proposed as part of enhancements to DCH channel in UMTS [1] [2], requires a mechanism to feedback an acknowledgement message (ACK) from the receiver to the transmitter.  For UL FET, an DL control channel is required. In this contribution, we present some design considerations on this channel.
2 Design options
There are broadly two options for sending an Ack on the DL: As part of the DL DPCCH, or as a new code channel (with a separate OVSF code). We discuss each of these below.
Ack as part of DL DPCCH

As a result of the DL enhancement of pilot-free slot-format, the DL DPCCH only carries TPC bits. A new field could be introduced in the DL slot-format to carry the Ack. This would increase the code-rate on the DTCH, but avoid having to reserve an OVSF code for the Ack channel. Alternatively, the Ack could be I-Q multiplexed with the TPC symbols, since the TPC symbols always have identical I and Q bits. In either case, the choice of modulation scheme for the Ack symbol – BPSK or on-off keying – should be investigated, based on the achieved UL FET statistics and the Ack power required in each case. The Ack transmit power is computed by applying a configurable offset to the DPDCH power, similar to the currently configured DPCCH/DPDCH power offsets. If a separate field is introduced in the DL slot format for Ack channel, then the choice of the width of this field must be studied. A longer Ack duration increases the Ack delay, which erodes the gains from UL FET, and also increases the impact on the code rate of DL DTCH, which could affect DL link efficiency. On the other hand, a shorter Ack duration could necessitate the use of unacceptably large Ack power offsets.
Ack on a new code channel

This design option is similar to the current E-HICH design. A new code channel carries Acks for multiple users, distinguished by orthogonal signature sequences. This avoids impact to DL DTCH code rate that results from TDM-ing the Ack with TPC on the DL DPCCH, at the cost of an extra code channel, which is however shared among multiple users. The current E-HICH spans 2ms or 8ms duration depending on the E-DPDCH TTI. However, the E-DPDCH HARQ structure allows the E-HICH to be transmitted in the intervals between successive HARQ transmissions, whereas there are no such intervals on the UL DPDCH. Hence, a longer duration Ack increases the Ack delay and lowers the link gains from UL FET, thus even 2ms Ack duration may be unacceptably long. Thus, alternatives such as a 1-slot or 2-slot Ack could be considered. It is also possible to consider shorter Acks, for example, a half-slot Ack, that would use a new set of 20 orthogonal signature sequences instead of the current 40 sequences used by E-HICH and E-RGCH. This channel could still support 40 users, TDM-ed across the first and second half of each slot.
3 Conclusions
We have proposed some design options for the Ack channel sent on the downlink to support uplink frame early termination. We propose to characterize the performance of these alternative design options, in order to pick a viable design that has acceptably low impact on both UL and DL link gains from the proposed DCH enhancements.
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