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1 Introduction

In the design of S-DPCCH, it was agreed in RAN1#65 that the slot format of S-DPCCH is based on DPCCH slot format 1, which consists of 8 pilot bits and 2 info bits [1].  In the previous RAN1#66, the following working assumption was made on the usage of the spare 2 info bits in the S-DPCCH:

· Fixed value

· FFS until RAN1#66bis whether a more useful purpose can be agreed. 

This contribution further discusses the working assumption.
2 Discussions
The following proposals have been made on the usage of the 2 info bits in S-DPCCH:

1. To indicate the PCI weight used [1], [2], [3]
2. To repeat TPC command [4]

3. To indicate the F-PCICH quality [5]

4. fixed value (i.e. extended pilot) [6]

It is shown in [7] that to achieve a reliable BER of 1%, a single information bit carried using S-DPCCH needs to be repeated 12 times.  It should also be remembered that when the UE operates in CPC or Compressed Mode, the reliability of these info bits will be even lower.

This suggests that if any extra information is to be carried by the S-DPCCH, the information should have the following characteristics:
1. Requires a minimum update period of about 1 radio frame and cannot be sent via higher layer messaging.  NOTE: Layer 1 signalling is usually used for information that requires fast update.  Slower updates can be sent at higher layers.
2. The information is relatively insensitive to errors (unlike higher-layer signalling, L1 signalling is uncoded) 
In the light of these characteristics, we will explore each of the 4 proposals given the reliability shown in [7].
In the 1st proposal, the 2 info bits in S-DPCCH are used to indicate the PCI weight used by the UE.  The rationale behind this is to minimise the error in the PCI feedback.  However, this requires that the information in the S-DPCCH is at least as reliable as the downlink PCI signalling and with an update period of one sub-frame.  Since this does not meet the characteristics of the info bits carried by S-DPCCH, this proposal is not suitable.
In the 2nd proposal, the 2 info bits in S-DPCCH are used to repeat the TPC bits which are carried by the uplink DPCCH.  TPC needs a fast update period but it can tolerate errors.  This is suitable to be carried by S-DPCCH. 
In the 3rd proposal, the 2 info bits in S-DPCCH are used to indicate the quality of the F-PCICH.  There may be some benefits in signalling the quality of F-PCICH, but this information does not require a fast update (especially in view of the fact that reliability measures are typically filtered over hundred(s) of ms).  Therefore if it is decided to signal the quality of F-PCICH, this information can be carried by higher layer messaging, e.g. MAC messaging.  Moreover, since F-PCICH is not sent when the UE operates in switched antenna configuration (i.e. data is sent on one of the antennas whilst S-DPCCH is sent on another), these info bits in S-DPCCH becomes redundant and another use (presumably a fixed value) anyway needs to be specified for that case.  It has also been suggested that the UE holds and continues to use the last reliable PCI weight when the F-PCICH quality drops below a threshold [5]; in this case, if S-DPCCH is used, the UE would need to continuously send the same value for the F-PCICH quality  to ensure the reliability of getting the message through.  The NB may have difficulty estimating the last PCI weight that the UE is holding on to once it gets a reliable F-PCICH quality feedback reading.  Also when the F-PCICH quality recovers, the UE needs to notify the NB and the NB once again may have difficulty tracking the changes the UE made to its precoding weights.  It is also not obvious that the quality of the F-PCICH needs to be signalled to the NB, since the NB should be able to detect the changes in uplink characteristics that occur when the F-PCICH becomes unreliable. (Note that the NB anyway needs to be able to detect similar effects on the uplink transmissions when the UE speed increases, in order to be able to turn off CLTD when the channel speed increases beyond a certain point.)  
In the 4th proposal, the 2 info bits in S-DPCCH are fixed and can therefore be used to extend the secondary pilot.  It is shown in [7] that the gains in using an extended 10 bits pilot over that of an 8 bits pilot is not significant, although it should if anything improve the accuracy of the beamforming determination and hence improve uplink throughput.  
Therefore, the choice for the 2 info bits in S-DPCCH is between keeping the fixed value (working assumption), or using them to repeat the TPC command. The gain offered by repeating the TPC in S-DPCCH is not clear and may not be significant, especially considering that the downlink channels which are power controlled by the TPC command are not channels which consume a large amount of downlink capacity. On the other hand, the use of fixed values may enable the beamforming to be improved which can improve all the uplink channels of that UE.

Therefore given the proposals available, the 4th proposal of fixing the values of the info bits so they can effectively be used to extend the secondary pilot is the most attractive option. Note that this would not prevent these bits being reused for another purpose in the future if some such suitable purpose were to emerge. 
Proposal 1: For Rel-11, reserve the 2 info bits in S-DPCCH by fixing their values.

3 Conclusion
In this contribution, we evaluate the four proposals made for the use of the 2 info bits in S-DPCCH in the light of the characteristics of those bits.  Based on this we propose:
Proposal 1: For Rel-11, reserve the 2 info bits in S-DPCCH by fixing their values.
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