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1 Introduction

This paper analyzes the performance of HS-PDSCH using QAM modulation when the CPICH can not be used for phase reference (implicitely indicating that the DPCH may be transmitted in a beam).

For 16-QAM, the receiver needs to scale the incoming symbols appropriately prior to turbo decoding. The UE needs to estimate the Es/Nt to compute the scaling factor. The UE could estimate Es/Io and Nt/Io separately, and get an estimate of Es/Nt.  From this perspective, there is no relation between turbo scaling and the use of CPICH or dedicated pilot bits for phase reference. 

However, in a severe multi-path scenario (such as ITU-Ped-B or ITU-Veh-A models), the direct estimate of Es/Io is not good enough. Since the Es/Ep or the traffic-to-pilot-ratio (TPR) remains the same in all fingers, the TPR can be estimated more accurately. The TPR, along with Ep/Io estimate, provides a good estimate of Es/Io. In this context, the use of CPICH or dedicated pilot bits for phase reference becomes important. The TPR can be estimated only when the pilot used for phase reference is present. Since the DPCH pilot is transmitted with less power and with a lower duty cycle than the CPICH relying on the DPCCH is likely to degrade the performance compared to the CPICH based estimate.

2 Simulations

In this section, we present link-level simulation results for 16-QAM with the two different ways of estimating TPR (CPICH & DPCCH based). To eliminate the effect of the scheduler from these results, we have assumed a perfect pilot for phase reference. The TPR is estimated at the receiver.

1. A 3-slot estimation period is assumed. This simulates the best performance when the phase reference is from the dedicated pilot bits and the UE is static or moving slowly.

2. In approach I, it is assumed that the phase reference is continuous (CPICH), allowing for 30 updates per TTI. 

a. The noise is estimated from CPICH and is updated every 256 chips.

3. In approach II, we assume 8 dedicated pilot bits (SF=64), allowing for 12 updates per TTI.

a. The noise is estimated from DPCCH and is updated every 64 chips.

We only concentrate on 3 kph, ITU-Ped-A and ITU-Ped-B channel models. The geometry is fixed at 10 dB, since only high geometry terminals will be scheduled with a 16-QAM transmission. Other simulation assumptions are shown in the Appendix.

Figures 1 and 2 show the first transmission BLER as a function of Ec/Ior. 
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Figure 1
BLER vs. Ec/Ior – 16-QAM – 3 kph – Ped-A
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Figure 2
BLER vs. Ec/Ior – 16-QAM – 3 kph – Ped-B

We note the following.

1. For Ped-A, the loss due to imperfect TPR estmation with DPCCH is negligible in most instances.

2. For Ped-B, the loss due to imperfect estimation from DPCCH is 0.5 dB.

3. In both channels, the loss due to imperfect estimation from CPICH is negligible.

4 Buffering requirement

The results presented in section 3 indicate that an estimate based on 15 or more symbols would achieve a good performance compared to the perfect estimation. The main difference between CPICH and DPCCH based estimate is then the delay until the estimate is available. When the estimate is based on the CPICH the estimate could be available after 1.5 slots wheras when the estimate is based on the DPCCH the UE would need to wait until it receives all the DPCCH pilot bits in the TTI that is 3 slots plus processing delay. 

The additional delay would require additional buffering in the UE since the scaling for turbo decoding could only occur when the estimate is available. Until then the UE would have to buffer the symbols with higher number of bits compared to the scaled version.

5 Comments and Conclusions

The results suggest that under relatively optimistic conditions (10 dB geometry, DPCCH Ec/Ior= ‑10 dB, 8 pilot bits)  it is possible to achieve reasonable estimates to support QAM reception based on DPCCH only. However this is achieved at the expense of additional buffering in the terminal. It is worth repeating tha these results assume a perfect phase estimation in the terminals which may not be the case when relying only on the dedicated pilot bits.

If the requirement to support dedicated pilot only operation is introduced in Release-5 we suggest that when QAM modulation is used this is only possible with the slot formats including the highest number of pilot (typically Npilot=8) bits for eachDPCH spreading factor. This would also ensure that the phase estimate can be derived with the best possible accuracy.

Appendix

The simulation assumptions are outlined below.

	Channel Condition
	3-kph – ITU Pedestrian A and B

	Channel ray mapping
	Nearest Cx2 sample

	Channel Estimation
	Perfect

	TPR Estimation
	Perfect / On

	Noise Estimation
	On

	Information bit payload (incl. CRC)
	2300

	Number of symbols after 1st RM
	9600

	Number of symbols after 2nd RM
	5760

	Instantaneous code rate
	0.40

	Number of codes
	3

	Modulation
	16-QAM

	P-SCH Ec/Ior
	-15 dB

	S-SCH Ec/Ior
	-15 dB

	CPICH Ec/Ior
	-10 dB

	DPCH Ec/Ior
	-10 dB


