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1 Introduction

There has been some debate about the inclusion or exclusion of 8-PSK modulation from the set of allowed modulation schemes for HSDPA. Contributions that favor its inclusion for now (see [3]) and those that oppose it (see [1] and [2]) have been presented in previous meetings. This document shows that both from performance and practical perspectives it is useful to include 8-PSK in the modulation set for HSDPA. 

2 Merits of 8-PSK

2.1 Performance Comparison to 16-QAM

Link level simulations were carried out to compare the performance of 8-PSK with 16-QAM for the same data-rate. The code block size is kept fixed and the coding rate is adjusted appropriately. The parameters used by the simulation are shown in Table 1. The Eb/N0 requirements for 8PSK, 16-QAM and QPSK are compared in Table 2.

Table 1: Simulation Parameters

	Parameter
	Value

	Channel Model
	AWGN channel

	No of iterations for Turbo Codes
	8

	Metric for Turbo Code
	Max

	Base Turbo Code Rate
	1/3

	Input to Turbo Decoder
	Soft

	Turbo Interleaver
	As per 3GPP (modified to handle higher data rates)

	Code block size simulated
	3600 bits


Table 2: Eb/N0 Requirements for 8-PSK and 16-QAM for 1% BLER. TBSS=3600 bits.

	8-PSK Code Rate
	Eb/N0 Required
	16-QAM Code Rate
	Eb/N0 Required
	QPSK Code Rate
	Eb/N0 Required

	0.80
	5.65
	0.60
	4.70
	>1
	Not used

	0.75
	5.10
	0.56
	4.55
	>1
	Not used

	0.67
	4.25
	0.50
	4.20
	>1
	Not used

	0.60
	3.65
	0.45
	3.80
	0.90
	Not used

	0.50
	3.25
	0.38
	3.50
	0.75
	2.85

	0.40
	2.50
	0.30
	3.40
	0.60
	1.85

	0.33
	2.05
	0.25
	3.40
	0.50
	1.55


From the table the following observations may be made:

1. At intermediate code rates ranging from 0.33 to 0.6, the Eb/N0 requirement for 8-PSK is lower than that for 16-QAM. So, even for the first transmission of a code block one would select 8-PSK over 16-QAM in that region. For 8-PSK code rates below 0.5, QPSK would be selected over 8-PSK in this example. 

2. In drawing conclusions about the relative performance of modulation schemes, it is important to consider the interaction between MCS selection and hybrid ARQ, when incremental redundancy is used. For example consider the case when the channel quality allows transmission using 8-PSK and code rate 0.67 or 16-QAM and code rate 0.5 (row 3 in Table 2). If a retransmission is necessary in both cases (and the channel quality is essentially unchanged at that time) the 8-PSK code-rate drops to 0.33, while that for 16-QAM reduces to 0.25. At the new code rates, 8-PSK requires 1.35 dB less Eb/N0 compared to 16-QAM. Thus, even though at the time of initial transmission 16-QAM required 0.05dB less Eb/N0 compared to 8-PSK, one would still prefer to use 8-PSK. In the same example, also note that selection of QPSK is not possible for initial transmission. This example illustrates that with Hybrid ARQ based on incremental redundancy (IR) it is important to consider the effect of retransmission and the resultant change in code rate, when drawing conclusions about which MCS to choose. 

In general, with adaptive incremental redundancy a wide range of effective code rates result via retransmissions and there are code-rate regions in which 8-PSK is indeed superior to 16-QAM. This should be contrasted against the conclusions drawn in [1] and [2], where the design philosophy was based on a fixed number of modulation and coding schemes that mapped directly to data rates. Conclusions were drawn based purely on block error rate performance and the interaction with hybrid ARQ was not considered. 

2.2 Practical Considerations for 16-QAM

As pointed out in [3], 8-PSK is more robust in practice as compared to 16-QAM. For example, demodulation of 8-PSK is independent of amplitude information while 16-QAM requires amplitude estimation. Hence, on a fading channel, 16-QAM is likely to suffer greater degradation due to receiver imperfections as compared to 8-PSK. 

3 Conclusions

It is shown here that there are code-rate regions in which 8-PSK provides better performance compared to 16-QAM, even when implementation effects such as inaccuracies in amplitude estimation for 16-QAM are not considered. With adaptive incremental redundancy (AIR) based Hybrid ARQ, a variety of effective code rates are achieved at the time of retransmission and having 8-PSK in addition to 16-QAM is shown to be beneficial. Therefore, it is recommended that in addition to QPSK and 16-QAM, 8-PSK be a mandatory modulation scheme for HSDPA.
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5 Appendix: Puncturing patterns

We specify below the puncturing patterns used for some of the code rates considered in Section 2. The first row is the systematic bit, the second row is the first parity bit and the third row is the second parity bit output from the first component convolutional encoder for the Turbo code. The fourth row is the interleaved systematic bit, the fifth row is the first parity bit and the sixth row is the second parity bit output from the second component convolutional encoder for the Turbo code.

The puncturing pattern for the rate 0.8 code is:
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The puncturing pattern for the rate 0.75 code is:
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The puncturing pattern for the rate 2/3 code is:
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The puncturing pattern for the rate 0.6 code is:
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The puncturing pattern for the rate 0.5 code is:
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