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1 Introduction
In [1][2][3], the link performance of  8PSK has been compared against 3xBPSK and QPSK. In this contribution, we further evaluate the link performance in fading channels and with re-transmissions coupled with soft combining (Chase and IR).
2 Simulation Assumptions
A reference MCS and associated beta factors are shown in Table 2-1. We make the following observations.
1. 2xBPSK vs. 8PSK

a. 2xBPSK has a higher code rate than 8PSK

b. Same OVSF code usage ( No difference in PAR

2. 3xBPSK vs. 8PSK

a. Same code rate

b. 3xBPSK uses a 2nd OVSF code ( PAR difference
	Rate after 1 Tx (kbps)
	Modulation
	SF
	Number of OVSF Codes
	Code Rate
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	960
	2xBPSK
	4
	1
	0.50
	15
	55

	960
	3xBPSK
	4
	2
	0.33
	15
	45

	960
	8PSK
	4
	1
	0.33
	15
	55

	1024
	2xBPSK
	4
	1
	0.53
	15
	60

	1024
	3xBPSK
	4
	2
	0.36
	15
	49

	1024
	8PSK
	4
	1
	0.36
	15
	60

	1280
	2xBPSK
	4
	1
	0.67
	15
	67

	1280
	3xBPSK
	4
	2
	0.44
	15
	55

	1280
	8PSK
	4
	1
	0.44
	15
	67

	1536
	2xBPSK
	4
	1
	0.80
	15
	75

	1536
	3xBPSK
	4
	2
	0.53
	15
	61

	1536
	8PSK
	4
	1
	0.53
	15
	75


Table 2‑1
Reference MCS – 10ms TTI
3 Simulation Results
The PA3 fading channel is modified from the ITU specified model and is in accordance with the channel presented in [5]. No active finger management algorithm (based on received SNR) was used.
In Figures 3-1 to 3-4, we plot the BLER (1st transmission and residual) as a function of DPCCH SNR. For the purpose of comparison, we can define the combined E-DCH+DPCCH SNR as:
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Figure 3‑1
BLER vs. Ecp/Nt – 960 kbps
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Figure 3‑2
BLER vs. Ecp/Nt – 1024 kbps
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Figure 3‑3
BLER vs. Ecp/Nt – 1280 kbps
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Figure 3‑4
BLER vs. Ecp/Nt – 1536 kbps

The link efficiency at different BLER operating points is summarized in Tables 3-1 and 3-2.
1. For the 1st transmission BLER, we compare the single transmission E-DCH+DPCCH Ec/Nt

2. For the residual BLER (after 2 transmissions), we compare the combined Ec/Nt

3. A negative/positive sign implies 8PSK under/out performs BPSK

	Rate (kbps)
	Relative 8PSK Performance (dB)

	
	1st BLER – 50% 
	1st BLER – 20% 
	1st BLER – 1% 
	2nd  BLER – 1% 

	960
	-0.7
	-0.7
	-0.7
	-0.9

	1024
	-0.8
	-0.8
	-0.9
	-1.0

	1280
	-0.5
	-0.5
	-0.5
	-1.0

	1536
	+0.1
	+0.1
	+0.2
	-0.8


Table 3‑1
2xBPSK vs. 8PSK – PA3
	Rate (kbps)
	Relative 8PSK Performance (dB)

	
	1st BLER – 50% 
	1st BLER – 20% 
	1st BLER – 1% 
	2nd  BLER – 1% 

	960
	-1.2
	-1.3
	-1.3
	-1.5

	1024
	-1.5
	-1.5
	-1.6
	-1.2

	1280
	-1.6
	-1.6
	-1.7
	-1.2

	1536
	-2.0
	-2.1
	-2.2
	-1.5


Table 3‑2
3xBPSK vs. 8PSK – PA3
We observe the following:
· Single Transmission Scenario

· For {960, 1024, 1280} kbps, 2xBPSK always performs better than 8PSK for the same PAR
· No reason to use 8PSK at these data rates
· For 1536 kbps, 2xBPSK performs worse 0.1 to 0.2 dB worse than 8PSK

· For 1536 kbps, 3xBPSK performs 2.0 to 2.2 dB better than 8PSK
· The associated PAR gain is shown in [4]
· Two transmission scenario

· At 1% residual BLER, 2xBPSK always performs better than 8PSK for the same PAR
· No reason to use 8PSK for these data  rates

Comparing the single transmission results from [2][3], we observe that:

· The 8PSK performance loss for 960 kbps seems to be consistent with [3]
· The 8PSK performance loss for 1536 kbps is 0.3 to 0.5 dB worse than seen in [2]. This is attributed to different simulation assumptions.
· AWGN, perfect channel estimation and no power control were assumed in [2]
· Imperfect channel estimation degrades 8PSK performance more than BPSK 
4 Conclusions

From the results of this contribution, it is seen that for the same OVSF code resource usage, it is preferable to use a lower order modulation such as BPSK/QPSK as opposed to 8PSK, as long as the BPSK/QPSK code rate is smaller than 0.8. 

For higher data rates, the link efficiency of BPSK/QPSK can be improved by increasing the OVSF code resource usage. However, this comes at the cost of an increased PAR relative to 8PSK. 

From this perspective, the use of 8PSK should be evaluated only for high data rates, especially when, for the same OVSF code usage, the use of BPSK/QPSK entails a large (> 0.8) single transmission code rate.
The impact of HARQ and increased PAR at high data rates is FFS.
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Appendix

	Parameter
	Value

	Sampling
	Cx8

	TTI
	10ms

	Rate Matching
	Rel-99 – 960 kbps

Rel-5 – 1024, 1280, 1536 kbps

	RV Sequence
	Chase – 960 kbps

{0,1} – 1024, 1280, 1536 kbps

	Number of HARQ processes
	3

	Inter-TTI
	3

	DPCCH Slot Format
	0

	Channel Estimation
	On (DPCCH based)

	Inner Loop Step Size
	+/- 1 dB

	Outer Loop
	Disabled

	PC Feedback Delay
	1-slot

	PC BER
	4%

	Channels
	PA3

	Number of Rx antennas
	2
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