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1 Introduction

In the previous discussion, some detailed issues on Uplink Closed Loop Transmit Diversity (UL CLTD) have been considered. In [1], the potential UL CLTD configurations that can be controlled via HS-SCCH orders were discussed. During RAN1#65 meeting, some agreements have been reached:
	· Codebook contains only phase components
· Antenna selection is supported, but not within the codebook
· Codebook size 4
· Activation and deactivation of at least configurations 1 and 4 are supported
· Activation and deactivation of configurations 2,3,5 are FFS
· S-DPCCH slot format based on DPCCH slot format 1:
· 8 pilot bits, using DPCCH pilot sequence
· Use of remaining 2 bits FFS (but not DTX for part of the slot)


In this contribution, we will discuss the use of remaining 2 bits of S-DPCCH.

2 S-DPCCH Slot Format

In the previous RAN1#65 meeting [2], it has been agreed that S-DPCCH slot format based on DPCCH slot format 1 consists of 10 bits per slot, including 8 pilot bits using DPCCH pilot sequence and 2 bits FFS. 
In paper [3] [4], several alternatives are discussed on how to use the remaining 2 bits. One of the alternatives is that the remaining 2 bits could be used to transmit the PCI which the UE really used, as in Figure 1. After receiving this information, the NodeB should compare it with the beamforming weight which was transmitted to the UE. If they indicate the same weight, it proves that the condition of the PCI feedback channel is well. On the contrary, if they are not the same one, the channel must be undesirable.
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Figure 1: Frame structure for uplink DPDCH/DPCCH/S-DPCCH
The beamforming weights selected by the NodeB and sent to the UE are transmitted on the feedback channel, namely F-PCICH. If the feedback channel is under the bad environment, the beamforming weights received by the UE may be wrong. If the UE applies the wrong beamforming weights, it will not only reduce the gain (or even a loss) while implementing transmit diversity but also affect the channel estimation process in the NodeB. Since the results of channel estimates are used in determining beamforming weights at the NodeB, this will further result in the wrong beamforming weights being sent to the UE.

With the remaining 2 bits being used to transmit the beamforming weights, even if an error occurs on the feedback channel sending the beamforming weights to the UE, the NodeB will use the “wrong” beamforming weights indicated by the 2 bits in the channel estimation and beamforming weight selection process, so the NodeB can get the correct result of the channel estimation. This information could also be used to enable the NodeB to estimate the error rate on the feedback channel and to control the power on the feedback channel appropriately.

We give the simple analysis to show the benefit of using S-DPCCH to transmit PCI information. The decoding error probability of beamforming weights received by the UE is denoted by a%, and the decoding error probability of PCI information transmitted on S-DPCCH is b%. When the PCI is not transmitted in the S-DPCCH, the PCI error probability from the NodeB perspective is a%. However, when the PCI information used by UE is transmitted by S-DPCCH, the PCI error probability is reduced to a%*b%. So the decoding accuracy of data blocks and channel estimation is enhanced.
The remaining 2 bits are just enough to represent the 4 beamforming weights. We propose to encode the beamforming weights by Gray code, which is shown as Figure 2. Since the codebook contains only phase components, the adjacent two phases (phase difference is 90°) only have 1 bit different. And for the weights that the phase difference is 180° both of the 2 bits are different. As a result, it is beneficial and convenient for the NodeB to receive and estimate the information. We propose that,
Proposal 1: The remaining 2 bits of S-PDCCH are used to transmit the beamforming weight represented in Gray code.
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Figure 2: Gray code diagram
3 Conclusions
In this contribution, we have discussed the use of remaining 2 bits of S-DPCCH. It is beneficial for NodeB performing channel estimation and beamforming weight selection when UE sends back the PCI UE really used via S-DPCCH. We propose,

Proposal 1: The remaining 2 bits of S-DPCCH are used to transmit the beamforming weight represented in Gray code.
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