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ACK/NACK Control Channel Reliability for High Speed Downlink Packet Access (HSDPA)

Introduction

In this contribution, the reliability of the ACK/NACK uplink control channel structure for High Speed Downlink Shared Channel (HS-DSCH) is further evaluated based on [5].  It is shown that with a reasonable Ec/No target of –24 dB, an ACK/NACK threshold may be selected to provide robust ARQ performance.

1.0 Reliability Issues on the Uplink

The primary reliability issues regard the interpretation of the ACK/NACK signaling on the DPCCH.  Two error conditions exist:

1) ACK is misinterpreted as a NACK.

2) NACK is misinterpreted as an ACK.

The first case is the less severe of the two errors.   When a Node B has misinterpreted an ACK as a NACK, the Node B will re-schedule the NACKed ARQ attempt in a subsequent TTI.  The UE receiving this repeat transmission may either identify the frame as a duplicate through MAC layer sequencing information or accept the frame and pass it on to the higher layers. As a result, duplicate detection in some form is necessary at the receiver. Once detected, the duplicate will be discarded.  The net effect of misinterpreted ACK is that downlink resources have been wasted on an unneeded retransmission.  If the probability of misinterpreting an ACK as a NACK were PACKasNACK, the HSDPA throughput would be (1- PACKasNACK) of the peak achievable service rate.  Therefore, a PACKasNACK of 1% or less will allow the HS-DSCH to provide 99% of the peak throughput.

The second case is more sensitive than the first.  Consider the case where a MAC has two sequential PDUs to transmit, PDU A and PDU B. When a Node B has misinterpreted a NACK as an ACK, the Node B will discard the current PDU, PDU A, and proceed with new data, PDU B, for the next HARQ attempt.  Depending on how the HARQ control information is defined, the UE will either identify the PDU A as an aborted attempt and start the decoding process fresh with the next HARQ attempt, PDU B.  Or, the UE will falsely assume that the PDU A and PDU B belong to the same MAC PDU and erroneously combine the two storing corrupted soft information.  In the latter case, the corrupted ARQ buffer may prevent UE from successfully decoding MAC PDU B until several attempts have been tried and the maximum number of retries have been exhausted.  In either case the error events reduce the achievable service rate as did case 1.  If the probability of misinterpreting a NACK as an ACK is PNACKasACK, the HSDPA throughput would be (1- PNACKasACK) of the peak achievable service rate.  However, the more significant aspect of this error condition is that a hole has been introduced into the data stream.  MAC PDU A will be marked as successful at the Node B and never retried by the MAC.  Provided that PNACKasACK is sufficiently low (?), the retransmission may be left to higher layer ARQ such as RLC or even at the IP layer when using TCP.  TCP/IP simulations have shown that missed packet rate lower than 10-4 will not appreciably reduce the TCP/IP throughput.

The next section will show that these two targets PNACKasACK=10-4 and PACKasNACK=10-2 are attainable at reasonable signal to noise levels.

2.0 Reliability of Uplink DPCCH for HS-DSCH
The ACK/NACK message may be encoded using OOK and BPSK modulation. In this method the ACK bits are decoded at the receiver using coherent demodulation using modulation over multiple slots.  The channel estimate is obtained from the pilot bits in this method.  The probability of detection and false alarm using ideal channel estimation can be written as [4]:
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The probability of detection and false alarm may be mapped to ACK/NACK error probabilities as follows:

PNACKasACK = Pfa

PACKasNACK =(1-Pd)

Figure 1 show receiver performance based on the above equations for BPSK. Note that 
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, where Ne is the number of chips per slot (here assumed to be 512) and Nf is the number of slots (assumed to be 3). It is shown that for uplink DPCCH using BPSK coherent detection for a AWGN channel with one receive antenna and for a 10-5 false alarm rate a 0.998 probability of detection (PACKasNACK =2x10-3) is achieved for Ec/No= -24dB for a 2ms TTI. 
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Figure 1.  Receiver operation characteristic for optimal coherent BPSK demodulation given 1 path and a single receive antenna in AWGN.

3.0 Conclusion

In this contribution, the reliability of the ACK/NACK uplink control channel structure for High Speed Downlink Shared Channel (HS-DSCH) has been discussed.  It was shown that with a reasonable Ec/No target of –24 dB, an ACK/NACK threshold might be selected to provide robust ARQ performance.   It is proposed that a liaison statement be sent to WG2 to apprise them of the ACK/NACK reliability so that they may make an informed decision regarding higher layer signaling.
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