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1. Introduction

An outstanding issue in the closed loop transmit diversity work item is the use of the two remaining S-DPCCH bits. It has been suggested that these bits are used towards F-PCICH related signalling, such as reflecting the received PCI command or F-PCICH quality indication ‎[1]

 REF _Ref305586269 \r \h 
‎[2]. The reliability of S-DPCCH-based signalling was evaluated in ‎[3]. In this document, we discuss the need to analyse the scale and impact of the issue, as well as point to other means of establishing F-PCICH reliability status. Based on the discussion, we propose that the spare S-DPCCH bits are used for pilot transmission.

2. Discussion

2.1. Scenarios, Scope and Impact of Low F-PCICH Reliability

As long as HSDPA-only downlink together with F-DPCH is configured for the beamformed radio link (which may be expected the norm for Rel-11 deployment timescales), it seems straightforward to link the F-PCICH TX power to serving cell’s F‑DPCH TX power thus exploiting the quality target of the latter to control the quality of the former.

Thus, the potential F-PCICH reliability issue is rather limited in scope to the situation where DL DPCH is active and the UE experiences soft handover.

Irrespective of the fairly limited scope, the questions that need to be quantified before discussing possible solutions are:

· Scale: What is the scale of the potential problem i.e. what proportion of UEs with DL DPCH configured are likely to experience F-PCICH reliability problems?

· Impact: What is the impact of the problem?

Having addressed the above, the benefits of possible solutions may be evaluated.

2.2. Comments on UE Based Signalling

To implement PCI reliability related signalling, a two-step procedure must me in place, consisting of (a) PCI reliability detection in the UE and (b) PCI reliability signalling and detection in the Node B.

To ensure that (a) is conducted in a non-arbitrary manner (what is the low/high PCI reliability threshold?), the detection stage should be accompanied by a suitable RAN4 test, otherwise it is preferred to perform antenna verification in the Node B, as exemplified in the following section. Conducting (a) in a trustworthy manner is likely to require long integration times to avoid false alarm.

Further, processing must be implemented in the Node B to combine the PCI-related signalling over multiple timeslots. The analysis performed in ‎[3] indicates that more than 10 timeslots are required, although presumably this is based on the assumption that the same message is transmitted constantly on the relevant S-DPCCH bits.

Finally, it should be noted that the UE must monitor the TPC command quality for out of synchronization handling and it should be verified whether this procedure is insufficient for also handling PCI quality.

2.3. Network-Based Measures

A number of simple network-based measures can be exploited to ensure correct F-PCICH handling:

· A variable F-PCICH/DPCCH power setting may be implemented for the non-SHO and SHO conditions. The latter may be inferred from measurements and event triggers, such the “CL TD serving cell change” message, CPICH Ec/N0 measurements, CQI reports, UE TX power or uplink power headroom reports.

· A broadcast power setting may be adopted for F-PCICH at least for SHO.

Finally, antenna verification may be performed in the Node B. A simple verification algorithm is described and evaluated in the following.

The Node B checks the phase shift experienced by the 1st channel tap (after channel synthesis), 
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, relative to the phase of that tap from the previous PCI period. The index ‘i’ refers to the RX antenna. Call that phase shift 
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. A PCI reliability metric, m, is formed for a groups of K PCI periods as follows:

· At the first PCI period of a new group initialize m to 0.

· For each new PCI period calculate the phase shift 
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 for each receive antenna and then combine the ‘per antenna’ phase shifts to form the final phase shift 
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· Update m as follows:

· If 
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 do nothing 

· If 
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 m := m+1

· If 
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 m := m+2

· At the end of the group of K PCI periods, report the metric m.

Figures 1 and 2 show the CDF of the reliability metric m for K equal to 120 and 60 for different PCI error rates. The BER of 2% is considered the normal operating point. It can be verified that, with the simple algorithm described above, the 10% BER condition can be detected with reasonable reliability with K=120 and the 20% BER condition with K=60.
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Figure 1: CDF of the reliability metric, m. (K=120).
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Figure 2: CDF of the reliability metric, m. (K=60).

3. Conclusion

We discussed the issues relevant to the usage of the spare S-DPCCH bits. Based on the discussion, we propose that the spare bits are utilized towards pilot, rather than PCI-related signalling.

Simulation Assumptions
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	BPSK 

	TBS [bits]
	2020

	Number of physical data channels and spreading factor
	2xSF2

	Number of H-ARQ Processes
	2ms TTI: 8

	Residual BLER
	1% after 4th transmission

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	SIR Estimation
	1 slot

	Inner Loop Power Control
	ON 

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC & TxDiversity Feedback Delay (sent on F-DPCH)
	2 slots

	Tx weights updates
	3 slots

	Number of Tx weights
	4 

	UL TPC & TxDiversity Feedback Error Rate 
	0%

	Propagation Channel
	PA3, VA3

	NodeB Receiver Type
	rake Receiver
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