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1. Introduction

At RAN1#39, a slot structure with 2 pilot bits and 2 TPC bits was agreed as a working assumption for F-DPCH, with the possibility left open for this to be replaced by a slot format without pilot bits. 

2. Discussion

The slot format with pilot bits can only increase the number of UEs per SF256 code by a maximum of a factor 4, and probably significantly less in practice. In our view, the effort of introducing the F-DPCH feature should yield a greater benefit in terms of code saving, and it is therefore preferable to adopt a slot format without pilot bits. 

Change Requests for F-DPCH without pilots are provided in [1 – 3] for TS 25.211, 25.214 and 25.215. The CRs provided separately by Nortel in [4, 5] for TS 25.212 and 25.213 remain applicable without modification for the case of no pilot field. 

The main aspects are discussed below.

Slot format

We propose using slot format 4 from TR25.899, as recommended in [6]. This preserves backwards compatibility by keeping the TPC field in the Release 99 position. It also avoids impacting the Node B SIR estimation.

Tx diversity

For transmit diversity, we propose that only STTD or no Tx Diversity shall be able to be signalled for the case of F-DPCH without pilots, as is currently assumed for the F-DPCH with pilots. If STTD is signalled for F-DPCH without pilots, the TPC symbol would be handled in the same way as in the proposal for F-DPCH with a pilot field, namely to transmit the same bits from the second antenna with equal power. This solution also enables STTD to continue to be used on the other downlink channels which are referenced to the F-DPCH.

Power offsets

The power offsets PO1, PO2 and PO3 for offsetting the power of different downlink fields relative to each other would not be applicable to F-DPCH without pilots, as there is only one field per slot. 

Out-of-synchronisation handling

The quality criterion for F-DPCH without pilots would be implicitly defined in TS25.101 in parallel with the existing quality criterion for DPCCH. The quality for F-DPCH is measured on the TPC bits. 

The key requirements for DPCCH, as currently defined in TS25.101, are to switch off the UE transmitter when the TPC error rate exceeds a certain value (e.g. 30%), and to switch on the transmitter again when the TPC error rate improves below another threshold (e.g. 20%).

The same requirements can be applied to F-DPCH. This simply requires the UE to be able to estimate the error rate of the TPC commands. Various simple statistical methods are available to achieve this with a high degree of reliability, without requiring knowledge of a reference power offset for the TPC commands. For example, statistical moments of the amplitude distribution of the received TPC commands can be easily calculated over a number of timeslots, and a ratio of moments (e.g. 2nd order moment to 4th order moment) can be compared to thresholds in a look-up table to decide whether the TPC error rate is too high or not. Other methods are also possible.

The relationship between TPC error rate and ratio of 2nd to 4th order moments is shown in Figure 1. Figure 2 shows a histogram of the resulting estimate of TPC error rate for a 160ms measurement period (as currently specified in TS25.101) using one amplitude sample per TPC command.
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Figure 1: Power Control Error Rate (PCER) versus ratio of amplitude moments


[image: image2.wmf]
Figure 2: Histogram of estimated PCER over 160ms period; actual PCER = 10%

It can be seen that the UE can distinguish between reliable and unreliable TPC signalling with a high degree of probability.  We therefore do not see a problem with basing the out-of-synchronisation criterion for F-DPCH on the TPC commands alone. 

We envisage that the Qin and Qout thresholds would be defined implicitly by values of TCP_Ec/Ior in a similar way to the currently-defined thresholds for DPCCH_Ec/Ior.

Combining of TPC commands in SHO

It is now well known that the “or of downs” rule alone is not sufficient to ensure good power control behaviour in soft handover when combining TPC commands received from different RLSs. A reliability estimate is needed for each TPC command (e.g. probability of error) in order to derive the required power change. Such an estimate can easily be derived by considering relative amplitudes of received TPC commands.

Outer loop power control
We do not consider that it is essential to operate outer loop power control for the F-DPCH. However, a variety of outer loop power control approaches are also possible and could be considered, for example based on the TPC error rate. One example is suggested in [7].

3. Conclusion 

In order to make it worthwhile to adopt the F-DPCH into the specifications for Release 6, we propose that the format without pilots is adopted. 
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