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1. Introduction
According to the HSDPA working assumption detailed in [1], the uplink HS-DPCCH carries two parts of information. One part is a 1-bit ACK/NACK indication, which is repeated to 10 bits and transmitted in one slot. This slot is DTX'ed when there is no ACK/NACK information sent out. Another part is the feedback information of the n-bit channel quality measurement (CQI), which is coded to 20 bits and transmitted in two slots. In the RAN WG1 #23 meeting, we had proposed a method of transmitting ACK/NACK using different OVSF codes in order to reduce the average transmitted power for ACK/NACK signalling [2], which was not discussed due to the lack of time. Here we provide more information for its clarification.  

2. Transmiting ACK/NACK using different OVSF codes  

Figure 1 shows a transmission method of ACK/NACK and measurement feedback information (CQI) using different OVSF codes :
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Fig.1. Transmitting ACK/NACK using different OVSF codes.

There are three OVSF codes  to be allocated for the uplink HS-DPCCH, which are W256k1, W256k2, W256k3  corresponding to ACK, NACK and DTX signallings respectively. DTX means no ACK or NACK signalling and UE only reports CQI information with a feedback cycle k (k is TBD). At each transmitting time, UE selects one of the three OVSF codes to spread CQI information according to the ACK/NACK. Base Station can perform correlation demulation with the three OVSF codes  and get the ACK/NACK information by comparing the peak value of correlation demodulator output, as show in Figure 2.
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Fig.2. Uplink DPCCH-HS Receiver.

In [3], Philips proposed three codewords of ACK, NACK and REVERT as acknowledgement messages. In that case, this method of transmitting ACK/NACK with different OVSF codes can be easily modified to support the Three-code-word mechanism. The change is to add another OVSF code for the choice, as shown in Figure3. The receiver in the base station should be modified correspondingly in the Three-code-word case.
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Fig.3. Transmiting ACK/NACK/REVER using different OVSF codes
Since ACK/NACK information can be carried by the OVSF code, the slot carrying ACK/NACK in UL HS-DPCCH will be vacant. There are several methods to deal with this slot:

Method1: CQI is transmitted in the every first two slots. The third slot can be DTX'ed or used to 

                 carry other information(such as HS-DPCCH pilot bits, as proposed in [4]). 

Method2: CQI can be coded by a (30, n) block coder and transmitted in all the three slots. 

By Method1, there remeans nearly 3.3slots (2.13ms) for Node-B to perform scheduling and signalling procedures. By Method2,  the time left for Node-B will be only 2.3slots (1.54ms) which is rather critical for Node-B.  So, the Method 1 should be perferred. 

3. Uplink DPCCH/HS-DPCCH timing relation
Figure 4 shows the timing  offset between the downlink associated DPCH and the uplink HS-DPCCH. The code-multiplexed uplink HS-DPCCH starts m*256 chips after the start of the uplink DPCCH with m selected by the UE such that the CQI (of duration 2 timeslot) transmission commences within the first 0-255 chips after 7.5 slots following the end of the received HS-DSCH [1]. The UE processing time is therefore maitained at 7.5 slots (5.0ms) as the offset between DPCCH and HS-DPCCH varies. The CQI bits are sent on the first two slots of the coded multiplexed uplink HS-DPCCH. This leaves approximately 3.5 slots - 512 chip (prop delay - 256 chips (HS-DPCCH offset) = 2.13 ms (TNode-B) for Node-B to perform scheduler and signal processing functions.
Every first two slots on the HS-DPCCH, chosen according to the parameters above, are reserved for CQI signalling. The third slot on the HS-DPCCH is DTX'd because the ACK/NACK signalling is implicitly carried on CQI signalling. All slots not used for ACK/NACK or Quality Indicator signaling are DTX’ed.
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Fig.4. Timing structure at UE for UL HS-DPCCH control signaling with the proposed method.
4. Impact on NodeB and UE

This method requires three or four OVSF codes  for the uplink HS-DPCCH. A signalling should be added between Network and UE to allocate those OVSF codes during radio link configuration. There is a little increase of complexity for NodeB to detect the OVSF code transmitted by UE. There is  nearly no increase of  complexity to UE.

5. Conclusion
We propose a modified structure of the uplink HS-DPCCH where the ACK/NACK information is transmitted with different OVSF codes. It can be further used to spread coded bits of the channel quality indicator. The released slot carrying ACK/NACK information can be DTX’ed, or alternatively, be used to carry other information (such as HS-DPCCH pilot bits). In both cases, the complexity of UE and Node B may only be slightly increased.
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