TSG-RAN WG1 #34
R1-031100
Seoul, Korea, October 6-10, 2003

Source:
Ericsson

Title:
On 8PSK modulation for E-DCH

Agenda Item:
9.4

Document for:
Discussion and Decision

1. Introduction

Peak-to-average ratio (PAR) for different uplink enhancements has been discussed in RAN1 during several meetings. The PAR affects the dimensioning of the power amplifier and a back off is typically used to ensure that the power amplifier is within the linear region. The back off required limits the maximum average output power the UE may provide. This is mainly an issue in situations where the UE is transmitting close to its maximum output power, e.g., close to the cell border. The efficiency of the UE power amplifier also depends on the PAR, although the relation between PAR and efficiency is implementation-dependent. 

The PAR value depends on several aspects, multicode transmission being one of them. Therefore, 8PSK has been mentioned as a possible alternative to multicode BPSK transmission. Although 8PSK allows for a PAR reduction in some situations, the link performance of 8PSK is also known to be worse than 3(BPSK due to the reduction in Euclidean distance.

In this contribution, simulation results for PAR and link performance are provided to illustrate the tradeoff between these two aspects.

2. Simulation Setup

As an example, consider an uplink data rate requiring three DPDCHs in Rel5. Transmission with this data rate could be done in at least two different ways:

· 3 DPDCHs using BPSK modulation (Rel 5 case)

· 2 DPDCHs using 8PSK modulation.

The two possibilities are illustrated in Figure 1. 
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Figure 1: Two alternatives for providing the same data rate. Three BPSK streams as in Rel5 (left) and 8PSK modulation (right).

One advantage with 8PSK in the configuration considered herein is the possibility for a reduction in PAR compared to the 3(BPSK case. The gain in 99.9% PAR for 8PSK compared to 3(BPSK is found to be in the order of 0.6–1.6 dB, as shown in Table 1. This figure assumes that no other channels than DPDCH and DPCCH are present and that the total DPDCH power is identical in the two cases. The exact value depends on the ( values used for DPCCH, DPDCH and any other channels present. Hence, with 8PSK the UE can output around 1.2 dB more power than with 3(BPSK, all other assumptions being the same. 

	Fraction of total power used by DPCCH [dB]
	
3(BPSK

	8PSK
	Gain with 8PSK [dB]

	
	(c
	(d
	99.9% PAR [dB]
	(c
	(d
	99.9% PAR [dB]
	

	( -4.7
	15
	12
	5.4
	15
	15
	4.7
	0.6

	( -10
	9
	15
	5.3
	7
	15
	4.3
	1.0

	( -12
	6
	15
	5.2
	5
	15
	4.0
	1.2

	( -19
	3
	15
	5.0
	2
	15
	3.4
	1.6


Table 1: PAR for 3(BPSK and 8PSK at different DPCCH overhead.

One drawback with 8PSK is the loss in Eb/N0 performance compared to 3(BPSK. To estimate this loss, the two configurations have been simulated over an AWGN channel. Rel5 turbo coding and rate matching were assumed. The resulting BLER as a function of Eb/N0 at different code rates for the two configurations is shown in Figure 2.

As seen in Figure 2 there is a penalty of approximately 1 dB for 8PSK compared to 3(BPSK at code rate 0.33, a penalty that increase to 2.5 dB at code rate 0.80. The loss in performance of 1–2.5 dB should be related to the gain in PAR of 0.6–1.6 dB. Hence, the gain in PAR with 8PSK may well be lost due to worse Eb/N0 performance.
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Figure 2: BLER as a function of Eb/N0 for 8PSK and 3(BPSK. The figures in the legend correspond to the number of information bits and the resulting code rate (assuming 5760 coded bits per transport block).

3. Conclusion

The importance of considering both PAR reduction and link performance when discussing 8PSK has been illustrated. The use of 8PSK may provide an appealing reduction in PAR, but the gain in PAR comes at the cost of reduced link performance. A tradeoff between the two is therefore necessary.
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