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Reliability Issues for Downlink Signaling in HSDPA

1.0 Introduction

Several alternatives for signaling are under discussion with respect to HS-DSCH signaling [1,2].  In particular, one-step and two-step signaling approaches are being discussed as a means of assigning a downlink HS-DSCH TTI.  Erroneous decoding of these signaling channels will at least slightly reduce the system throughput or at worst corrupt a user’s data stream.  The primary opportunities for errors and their respective impact on system performance are identified in this paper in order to foster further discussion on this topic.

2.0  Downlink Signaling

Two signaling approaches are under consideration for assigning downlink TTIs on the HS-DSCH.  The one step approach requires the UE monitor a HS-PDSCCH for the both the indication and description of a HS-PDSCH allocation. The precise format of the HS-PDSCCH is FFS. Furthermore, the HS-PDSCCH may contain multiple assignments per TTI allowing for CDM of UEs.  The two-step approach allows for separation of the indication and description of an HS-DSCH allocation. In the two-step approach, the indication is sent on a separate user-specific associated DPCH.  Upon detecting the indication on the associated DPCH, the UE then looks at the HS-PDSCCH for a complete description of the HS-PDSCH allocation.  Variations of the two-step approach allow aspects of the HS-PDSCH allocations to also be transmitted on the associated DPCH in order to reduce UE complexity.   The precise timing of signaling does not impact the reliability of the HS-DSCH and therefore is ignored.

Figure 1a depicts a slightly simplified diagram for the UE decision process while waiting for an HS-DSCH allocation.  In this case, the UE is continuously monitoring the HS-PDSCCH.  Upon detecting an indication (possibly in the form of a UE ID), the UE then determines whether the HS-PDSCCH contains a valid assignment.  If an error is detected in the indication or assignment, the UE ignores the associated HS-DSCH TTI and continues monitoring the HS-PDSCCH.  If the indication and assignment are deemed valid, the UE demodulates the HS-PDSCH and combines HARQ samples.  If the UE decodes the HARQ data, it will release that data to the higher layers and clear the HARQ buffer.  Otherwise, the UE will continue monitoring the HS-PDSCCH.

Figure 1b depicts a similar diagram of the two-step UE decision process while waiting for an HS-PDSCH allocation.  In this case, the UE is continuously monitoring the associated DPCH.  If the UE does not detect an indication on the associated DPCH (possibly a single-bit HS-DSCH Indicator or HI bit), the UE will continue to monitor the associated DPCH.  However if the UE detects an indication on the associated DPCH, the UE then checks the HS-PDSCCH for a valid assignment. If an error is detected in the assignment, the UE ignores the associated HS-DSCH TTI and continues monitoring the associated DPCH.  However if the assignment is deemed valid, the UE demodulates the HS-PDSCH and combines HARQ samples.  If the UE decodes the HARQ data, it will release that data to the higher layers and clear the HARQ buffer.  Otherwise, the UE will continue monitoring the associated DPCH.

The flow charts in Figure 1 are slightly simplified because they do not consider the intricacies of the protocols associated with the various one and two-step formats.  For example, they do not consider the error propagation when a 1-bit HARQ abort indication is missed.  

The implications of downlink signaling errors may be considered with respect to the presence or absence of a HS-DSCH allocation.  Therefore, the reliability of detecting an allocation when an allocation is present and the resistance to erroneously detecting an allocation when an allocation is not present or is in error must be quantified.

2.1 Reliability of Allocation Detection

As is well known, the reliability of allocation detection is a function of many factors:

1) The power assigned to the physical channels, HS-PDSCCH and/or associated DPCH, by the Node B to prevent the probability of an uncorrectable bit error.

2) The energy detection thresholds in the UE for the fields on the HS-PDSCCH and/or associated DPCH.

The implications of missing a valid allocation are fairly mild.  Following the flow charts in Figure 1, the UE will simply ignore the HS-PDSCH transmission if either associated DPCH (for the two-step case) or HS-PDSCCH (for the one-step case) energy are below threshold forcing a retransmission by the Node B.  Each missed allocation detection can be viewed as a lost opportunity to communicate data.  Therefore if the probability of allocation detection were defined as PAD, then the system throughput would be reduced by (1-PAD).  Provided that missed allocation detection is kept low, below 1%, the system throughput would remain better than 99% of the peak achievable system throughput.

2.2 Resistance to Erroneous Allocation Detection

An erroneous detection of an allocation may occur under three conditions:

1) Error detection failure in a valid allocation.

2) Erroneously detecting allocation meant for another user causing a false positive (e.g. two UEs that have a numeric UE ID that differs by only one or two bit positions).

3) Spurious acceptance of random data in the absence of any assignment.  (In the absence of an energy detector in the UE receiver, a UE listening to an empty channel will decode each bit as 1 or 0 with 50% probability.  There is a finite probability that a random pattern will produce a valid CRC or UE ID.)

In all three conditions, the UE will erroneously attempt to demodulate the HS-PDSCH.  

Conditions 1) and 3) will both likely corrupt the HARQ buffer.  Condition 1) will either cause the selection of the wrong modulation and wrong set of codes
 thereby causing the storage of garbage in the HARQ buffer.  Likewise, condition 3) will store a random selection of symbols within the HARQ buffer.  As a result, the HARQ buffer will be corrupted.  Assuming a limit on the number of retransmissions is specified, the current valid HARQ attempt will have to be aborted and be either rescheduled as a fresh attempt or abandoned by the scheduling function in the Node B.

Condition 2) is slightly more dangerous than either condition 1) or 3).  In this case, the UE is demodulating a valid HS-PDSCH destined for another user.  As a result, that erroneous HS-PDSCH allocation may be decodable.  This is especially true if the intended UE is in a much better channel condition than the unintended UE.  In this case, the Node B will allocate sufficient power to reach the desired UE in the poor channel conditions.  Therefore, the unintended UE in good channel conditions should have no problem demodulating the data on the first HARQ attempt.  In this unfortunate scenario, the unintended UE will release the erroneous data to the higher layers and potentially corrupt the user’s data stream.

The probability of erroneous allocation detection may be greatly diminished by requiring a CRC on the HS-PDSCCH in order to detect a few bit errors.  However, the length of the CRC must be reasonably short considering the frequency with which the HS-PDSCCH is transmitted especially for the smaller TTIs. 

3.0 Conclusion

Several alternatives for HSDPA signaling have been discussed.  Erroneous decoding of these signaling channels will at the least slightly reduce the system throughput or at worst corrupt a user’s data stream.  The primary opportunities for errors and their respective impact on system performance have been identified.  The implications of missing a valid allocation are fairly mild. Provided that missed allocation detection is kept low, below 1%, the system throughput would remain better than 99% of the peak achievable system throughput.  However, error detection in the HS-DSCH allocation is critical.  Undetected errors may result in erroneous data being released to the higher layers.  It is recommended that a reasonable size CRC of at least 12 bits be included on the HS-PDSCCH to provide error detection capability.
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� Although a pure TDM approach won’t be affected by the wrong code selection, a solution employing a variable TTI may select an erroneous TTI length which would have the same effect.





