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1          Introduction

In 4C-HSDPA, the secondary carriers can be activated or deactivated by means of a HS-SCCH order.  A change in the number of secondary carriers would result in a change in the HS-DPCCH feedback channel format.  Hence, it is important that the HS-DPCCH feedback channel is in sync with the secondary carriers’ activation status.  This document discusses the robustness of the HS-SCCH order and the HS-DPCCH feedback channel.
2          Discussion
The HS-DPCCH format and the secondary carriers’ status at the NB can lose sync if there is communication error when the HS-SCCH order is sent.  Two such errors are discussed here, namely Error 1 and Error 2.
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Figure 1: Error 1 - NB fails to receive UE's ACK
The first out of sync error, Error 1 is shown in Figure 1.  Here the NB sends a HS-SCCH order to change the activation status of the UE’s secondary carriers.  The UE received the HS-SCCH order correctly and sends an acknowledgement.  The NB fails to receive the UE’s acknowledgement or misinterpreted an ACK for a NACK.  The UE proceeds to reconfigure its secondary carrier and sends the following HS-DPCCH using a different format.  Since the NB did not receive the acknowledgement, it wrongly assumes that the UE still uses the previous HS-DPCCH format causing an out of sync in the HS-DPCCH format. However, the error only persists for a few subframes, as the NB will quickly detect that an ACK has not been received and resend the order.
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Figure 2: Error 2 – UE fails to receive HS-SCCH order & NB misinterpreted the feedback

Error 2 is shown in Figure 2.  Here the UE fails to receive the HS-SCCH order to change the status of its secondary carriers.  The UE sends the HS-DPCCH for other reasons (e.g. CQI  reports or feedback for other carriers).  However, the NB misinterpreted the HS-DPCCH (e.g. due to codeword error) as an acknowledgement to its HS-SCCH order and wrongly assumes that a different HS-DPCCH format is used causing an out of sync in the HS-DPCCH format.
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Figure 3: HS-DPCCH recovery after an out of sync in HS-DPCCH format

Error 1 and Error 2 cause out of sync in the HS-DPCCH format and results in the NB misinterpreting the HS-DPCCH feedback message.  This may lead to wrong transport block size being sent due to wrong CQI, disruption in the HARQ due to wrong ACK/NACK and wrong precoding codes used in MIMO.  However, in some out of sync scenarios, part of the HS-DPCCH can still be decoded correctly.  An example is given in Figure 3, where an out of sync occurred due to Error 1.  Here, the NB and UE initially operates with 4 carriers, namely C1, C2, C3 & C4 and the NB sends a HS-SCCH order to deactivate C3 & C4 but the NB failed to receive the acknowledgement from the UE.  The UE having received the HS-SCCH order will send feedback for only C1 & C2 in its HS-DPCCH as shown in Figure 3 leading to an out of sync situation.  In this case, the NB is still able to decode C1 & C2 since they fall into the same location in both NB and UE HS-DPCCH format.  Since HS-DPCCH uses SF128 in 4C-HSDPA and SF256 in DC-HSDPA, the UE will repeat the feedback for C1 & C2 and reduce its HS-DPCCH power by 3 dB in order to achieve the same link budget as that in DC-HSDPA.  This will degrade the ability of the NB to decode C1 & C2.  To prevent this, it is proposed in [1] that the UE increases its transmit power after an HS-SCCH order to change its secondary carriers’ activation status for several TTI.  It was further proposed that the power for the HS-DPCCH feedback carrying the acknowledgement for the HS-SCCH order is increased to improve the reception reliability of the HS-DPCCH channel (i.e. reducing the probability of Error 1).  The following are comments regarding this approach:
1. The HS-SCCH order and HS-DPCCH feedback are sufficiently reliable

2. Increasing the power of HS-DPCCH for several TTI may cause excessive uplink interference, which becomes significant if there are several such HS-SCCH orders being executed in the cell

3. A power limited UE have to reduce its power for E-DCH to provide this additional power for HS-DPCCH.  This lead to a degraded uplink throughput

4. In Error 2 scenario shown in Figure 2, the UE will not increase its transmit power and therefore does not reduce the out of sync probability

5. If necessary, the reliability of HS-DPCCH can be improved with simple repetitions rather than power increment 

3          Conclusion

This document discusses two error scenarios (Error 1 & Error 2) that cause the HS-DPCCH format to be out of sync between the NB and the UE.  A proposed solution in [1] to increase the HS-DPCCH power after HS-SCCH change is discussed and it is concluded that the proposed solution may cause excessive interference and it is unable to handle Error 2.
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