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1 Introduction

In the Uplink Transmit Diversity (UL TxDiv) for HSPA WI [1], the Secondary DPCCH (S-DPCCH) is used by the NB to estimate the radio propagation channel from each of the UE transmitters.  These channel estimates are used to determine the beamforming weights.  This contribution looks into the remaining details of the design of the S-DPCCH.
2 Discussions
2.1 S-DPCCH Slot Format

In the previous RAN1#64 meeting [1], it was agreed that the S-DPCCH uses a different channelization code.  This removes the need for the S-DPCCH to use a pilot sequence that is orthogonal to that of the DPCCH and gives flexibility on the design of the S-DPCCH format.  
The S-DPCCH slot format could be a new one, or it could reuse the existing slot format(s) defined for the DPCCH.  
Since the main usage of the S-DPCCH is used for channel estimations of each of the UE transmit antennas, a new S-DPCCH slot format could in principle consist only of pilot sequences, i.e., 10 pilot bits per slot.  A longer pilot sequence generally gives a better channel estimates since more energy is contained in the longer pilot.  However, this would require a new pilot design which would result in additional testing.  Hence, the overall gain in using a longer pilot needs to be evaluated to justify a new pilot design.
Alternatively, the S-DPCCH can use one of the existing DPCCH slot formats.  Since the S-DPCCH uses a different channelization code, for simplicity (and a minor reduction in signalling), the S-DPCCH and DPCCH could use the same slot format.  This will also simplify the NB channel estimation process since the same timing and pilot sequence would be used for channel estimations from the DPCCH and S-DPCCH.  
Proposal 1: The pilot field of the S-DPCCH is at the same time and of the same length as the pilot field used on the DPCCH.

Proposal 2: The pilot sequence of the S-DPCCH is the same as on the DPCCH.

In addition to the pilot sequence, the DPCCH also contains some information bits (i.e., TPC and TFCI).  These information bits are not required in the S-DPCCH. 

Some possible alternative uses for these bit fields are:

1.  The S-DPCCH coould send the same information as the DPCCH in the TPC and TFCI fields. This could increase the reliability of these bits.  However, the (uplink) DPCCH is already power controlled giving sufficiently reliable TPC and TFCI bits.  
2. The unused bit fields could be DTX’ed. However, in general the uplink design has always avoided transmit power changes during a slot as much as possible, and use of DTX would break this principle. It might also present EMC issues. 

3. The unused bit fields could carry dummy values and be reserved for future use. 

4. The unused bit fields could be used to signal the beamforming weights (i.e. index) used by the UE. Since the beamforming weights are pre-coded onto the DPCCH and S-DPCCH, the NB may need to perform channel synthesis on the estimated channels where the beamforming weights are removed from the channel estimates.  If the pre-coded DPCCH and S-DPCCH are sent via both antennas as that described in [2], the NB will also need to use the beamforming weights to estimate the propagation channels from each UE’s transmitters.  These processes assume that the UE used the correct beamforming weights indicated by the NB.  However, the feedback channel, carrying the beamforming weights, is subjected to errors.  If the UE applies the wrong beamforming weights, it will not only reduce the gain (or even a loss) in using transmit diversity but also affects the channel estimation process giving errored channel estimates.  Since the channel estimates are used in determining beamforming weights at the NB, this will further result in the wrong beamforming weights being sent to the UE.  If the information fields in the S-DPCCH are used to indicate the beamforming weights used by the UE, even if an error occurs on the feedback channel signalling the beamforming weights to the UE the NB will not use the wrong beamforming weights in the channel estimation and beamforming weight selection processes.  This information could also be used to enable the NB to estimate the error rate on the feedback channel and to control the power on the feedback channel appropriately.
Proposal 3: The unused TPC and TFCI bits on the S-DPCCH are use to signal the index of the beamforming weights used by the UE.

2.2 S-DPCCH Transmission Power

The power of the S-DPCCH relative to that of the DPCCH affects the gains of UL TxDiv [3].  In theory the relative power of the S-DPCCH to that of the DPCCH could be fixed.  However, this would reduce the flexibility in fine tuning the performance at the network and this does not save much signalling.  We therefore propose to have a range of possible relative power offsets relative to the DPCCH, i.e. a range of beta_S-DPCCH values, similar to those used for the HS-DPCCH and E-DPCCH.
Proposal 4: A range of power ratios, (beta values) is defined for setting the power of the S-DPCCH relative to that of the DPCCH.
3 Conclusion
The remaining open issues for the design of the S-DPCCH are discussed in this contribution.  The following are proposed:
Proposal 1: The pilot field of the S-DPCCH is at the same time and of the same length as the pilot field used on the DPCCH.

Proposal 2: The pilot sequence of the S-DPCCH is the same as on the DPCCH.

Proposal 3: The unused TPC and TFCI bits on the S-DPCCH are use to signal the index of the beamforming weights used by the UE.

Proposal 4: A range of power ratios, (beta values) is defined for setting the power of the S-DPCCH relative to that of the DPCCH.
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