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1
Introduction

One of the remaining issues in the design of CLTD is the use of the remaining two buts on the S-DPCCH channel with DPCCH slot format 1. The current working assumption is to set the two bits to be fixed or regarded as pilot bits. However, one potential use of the bits is to indicate the quality of the PCI information received on the downlink.

In this contribution, we discuss the need for this signaling by performing an analysis to show the variation of the transmit power on the F-PCICH channel when the UE is inn soft handover and is not configured in HSDPA.
2

Discussion
The agreed slot format in RAN1#65 for the secondary pilot is DPCCH slot format 1. In this format, there are 8 pilot bits and 2 bits that are reserved. There have been some suggestions about possible ways in which these bits could be used [1-7].

In [5], it is proposed that the UE monitor the quality of the received PCI bits. It is also shown in [5] and [8] that the performance of CLTD degrades considerably as the PCI feedback error rate increases. Therefore, it is essential that the quality of the PCI bits on the downlink be maintained at an adequate level. 
When HSDPA is configured, the quality of the F-PCICH channel can be assured by transmitting the F-PCICH channel with a power offset to the F-DPCH channel. As the F-DPCH channel is power controlled by the UE to meet a quality criterion and it is transmitted only from the serving cell, the quality F-PCICH channel would also consequently be assured.
When DPDCH is configured, the UE power controls the DPCCH channel transmitted on the downlink. Note that the DPCCH channel can potentially be transmitted from all the cells in the UE’s active set. Power control ensures that the combined SNR meets a quality criterion. However, the F-PCICH channel is transmitted only from a single cell that is pre-selected by the S-RNC. Since the DPCCH quality from that cell cannot be assured, the F-PCICH quality correspondingly may deteriorate. The following analysis shows this more clearly.

Consider first the scenario where the UE is not in soft handover and HSDPA is not configured. 

Assuming that 

· The UE has two receive antennas, 

· A single path Raleigh fading channel with components 
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· 
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is i.i.d complex Gaussian with zero mean and 0.5 variance per complex dimension and is the channel gain to receive antenna i
· Power control is instantaneous and perfectly inverts the channel so as to meet a target received power
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In the above scenario, the received channel power gain is given by
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. Therefore the average transmit DPCCH power to achieve a target power 
[image: image5.wmf]h

is given by
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Since, the F-PCICH channel is transmitted at an offset to the DPCCH channel, the average transmit power on the F-PCICH channel is 
[image: image7.wmf]DPCCH
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Now consider a scenario where the UE is in soft handover with two cells. The power control is now based on the sum of the received channel power levels from the two cells. 
If we assume that the link imbalance between the two cells is 0dB, then the combined received channel power is given by 
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where the superscript indicates the cell from which the channel is received. The sum of the squares of 2L independent real Gaussian random variables has a Chi-square distribution with 2L degrees of freedom and is given by
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Consequently, the average DPCCH transmit power from a single cell to achieve a target power 
[image: image10.wmf]h

is given by 
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Now, since the F-PCICH channel is transmitted at an offset from the DPCCH channel, the required offset to meet the quality criterion of the F-PCICH channel, in the case where the two cells are balanced, is given by
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Therefore, the power offset for the F-PCICH channel is required to be 4.77dB higher than the corresponding offset when the UE is not in soft handover.
Note also that this power offset increase varies with the imbalance between the two soft handover links change. Figure 1 shows the change in power offset required to meet the same F-PCICH quality criterion as a function of the link imbalance between the two cells. 
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Figure 1: Variation of the F-PCICH power offset as a function of the Link Imbalance
As seen in Figure 1, even a relatively weak secondary cell (-3dB weaker) causes an offset increase of 3dB. As it can be challenging to monitor the relative link imbalances between the two cells, the modification of the power offset by the RNC can only be performed in a coarse manner. If the RNC were to choose a power offset of 4.77dB as a conservative estimate, then there would be excess power transmitted on the downlink which could otherwise be used for data transmission. 
On the other hand, if the quality of the PCI bits were to be reported on the uplink S-DPCCH, the NodeB that transmits the F-PCICH channel can adjust the transmit power offset of the F-PCICH channel relatively more frequently. 
It was shown in [7] that reliable reception of the bits transmitted on the S-DPCCH channel requires accumulation of 12 slots. Therefore, the power control of the F-PCICH offset can be controlled approximately every frame. It is considered that this power control may be able to adequately ensure the quality of the F-PCICH channel. 
Note however, that the analysis shown in this contribution is under a single path Raleigh fading channel with idealistic power control assumptions. A more realistic simulation with practical CLTD operation, power control and with practical receivers is being investigated and would perhaps shed more light on the reception quality of the F-PCICH channel. We request that RAN1 decisions pertaining to the transmission of the quality of PCI channel on the two bits of the S-DPCCH channel be made after these simulations have been conducted.

Proposal: Study the performance of the F-PCICH channel in soft handover with DCH configured until the next RAN1 meeting
4
Conclusions
This contribution attempts to address the need for signaling the quality of the F-PCICH channel on the UL on the two remaining bits on the S-DPCCH channel. The presumed intention of this signaling is to control the power offset of the F-PCICH channel to ensure reception quality of the PCI information.

The performance of the F-PCICH channel and the increase in the power offset when the UE is in soft handover and DCH is configured is discussed and an analysis is conducted to show the variation of the power offset increase when the link imbalance between the two cells varies. It is proposed that more realistic simulations are conducted before a decision is made on the transmission of F-PCICH quality information on the UL S-DPCCH channel.
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