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1
Introduction
The topic of higher order modulation (HOM) on the uplink in HSPA was introduced in [1]-[4] with the objective of improving peak rates. 
[6] presented the link performance of 16-QAM on E-DPDCH in AWGN channel using a Rake Receiver. [7] analyzed the link performance of 16-QAM in various multipath fading channels (PA3, PB3, TU3, VA30) using a fractionally spaced (Tc/2) LMMSE (Type 3) receiver with realistic channel estimation. 
In this contribution, we compare the link performance of 8-PSK and 16QAM on E-DPDCH in multipath fading channels (PA3, TU3, PB3) using a fractionally spaced (Tc/2) LMMSE (Type 3) receiver. Due to lack of time, the 8-PSK results are obtained assuming ideal channel estimation while the 16-QAM results are obtained using both ideal and realistic channel estimation. 

Comparing 8-PSK link efficiency with ideal channel estimation with 16QAM link efficiency with realistic channel estimation provides an upper bound on the performance of 8-PSK. Comparing 8-PSK link efficiency with ideal channel estimation with 16QAM link efficiency with ideal channel estimation provides a lower bound of performance of 8-PSK as the channel estimation loss for 8-PSK is expected to be smaller than that of 16QAM. 
2
Simulation Assumptions
Table 1 lists the simulation assumptions used in studying the performance of 8-PSK and 16-QAM in HSUPA. 
Table 1a: 16-QAM Simulation Assumptions

	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8

	Target Number of Transmissions
	1 for 16QAM
1 for 8-PSK

	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Rate Matching Parameter 
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	2

	Rate Matching Parameter 
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	0.33

	Rate Matching Parameter 
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	0.44


Table 1b: 16-QAM Simulation Assumptions (continued)
	Parameter
	Value

	Rate Matching Interleaver Buffer
	2x5760 [11520 bits]

4x5760 [23040 bits]

	DPCCH Slot Format
	8 Pilot, 2 TPC

	Channel Estimation
	Ideal (8PSK and 16QAM)
Realistic (16QAM)

	Uplink Power Control
	Enabled

	Inner Loop PC Step Size
	+/- 1 dB

	Channel
	PA3, TU3, PB3

	Receiver Type
	Tc/2 spaced LMMSE Receiver (Type 3)


Table 2 highlights the different transport block sizes (TBS) chosen for this study as well as the corresponding code rate after 1 transmission.  In all cases, we use 4 physical channels (2xSF2 and 2xSF4). 
Table 2: 16-QAM MCS Table

	MCS
	Transport Block Size (bits)
	TTI
	Number of codes
	Code Rate
	SF
	Instantaneous Data Rate (kbps)

	1
	7000
	2ms
	2
	0.303
	4,2
	3500

	2
	8192
	2ms
	2
	0.355
	4,2
	4096

	3
	9000
	2ms
	2
	0.391
	4,2
	4500

	4
	10000
	2ms
	2
	0.434
	4,2
	5000

	5
	11000
	2 ms
	2
	0.477
	4,2
	5500

	6
	14000
	2ms
	2
	0.607
	4,2
	7000

	6
	16384
	2 ms
	2
	0.711
	4,2
	8192

	7
	18000
	2 ms
	2
	0.781
	4,2
	9000

	8
	20000
	2 ms
	2
	0.869
	4,2
	10000


Further details on the LMMSE Receiver used for the simulations as well as on the realistic channel estimation algorithm used can be found in [7].
3
Simulation Results
Tables 3, 4, and 5 summarize the link requirement for the different modulation/transmission schemes considered in this analysis for the Pedestrian A 3km/h, TU 3km/h, and Pedestrian B 3km/h. For each case, the link requirement corresponds to the optimal Eb/Nt in the Eb/Nt v/s E-DPDCH/DPCCH curves. Detailed link plots are shown in Annex 1 for reference.  
A TBD entry in the tables corresponds to the fact that due to lack of computing resource, the simulation for that case is still pending. 
In the tables the legends “Not Achievable” and “Cannot Converge” mean the following:

· “Not Achievable”: means that there is a code rate > 1 and therefore, it is not ossible to decode the data.
· “Cannot Converge”: means that using the current sub-optimal CE scheme, we could not observe convergence. An enhanced CE scheme could probably achieve convergence for that rate.
Table 3: Summary of 8-PSK/16-QAM Link Performance (PA3)

	Target Data Rate [kbps]
	8-PSK              1 Tx

Ideal CE

Eb/Nt [dB]
	16-QAM               1 Tx

Realistic CE

Eb/Nt [dB]
	16-QAM               1 Tx

Ideal CE

Eb/Nt [dB]
	16-QAM (Realistic CE) Link Gain     over 8-PSK (Ideal CE)
[dB]
	16-QAM Link Gain over 
8-PSK

Ideal CE [dB]

	3500
	3.50
	1.40
	1.25
	2.11
	2.25

	4096
	3.60
	1.30
	1.13
	2.30
	2.47

	4500
	3.74
	1.63
	1.26
	2.11
	2.48

	5000
	3.82
	1.76
	1.42
	2.06
	2.40

	5500
	4.26
	2.12
	1.55
	2.14
	2.71

	7000
	4.86
	2.95
	2.01
	1.91
	2.85

	8192
	5.97
	3.91
	2.49
	2.06
	3.47

	9000
	Not Achievable
	6.37
	3.51
	N/A
	2.87

	10000
	Not Achievable
	6.77
	3.47
	N/A
	3.30


Table 4: Summary of 8-PSK/16-QAM Link Performance (TU3)

	Target Data Rate [kbps]
	8-PSK              1 Tx

Ideal CE

Eb/Nt [dB]
	16-QAM               1 Tx

Realistic CE

Eb/Nt [dB]
	16-QAM               1 Tx

Ideal CE

Eb/Nt [dB]
	16-QAM (Realistic CE) Link Gain     over 8-PSK (Ideal CE)

[dB]
	16-QAM Link Gain         over 8-PSK

Ideal CE [dB]

	3500
	0.88
	0.36
	-0.40
	0.52
	1.28

	4096
	0.67
	0.098
	-0.68
	0.57
	1.34

	4500
	0.45
	0.12
	-0.75
	0.33
	1.20

	5000
	0.29
	0.049
	-0.85
	0.24
	1.14

	5500
	0.21
	0.066
	-0.97
	0.14
	1.18

	6000
	TBD
	-0.13
	TBD
	TBD
	TBD

	6500
	TBD
	-0.046
	TBD
	TBD
	TBD

	7000
	-0.47
	Could not Converge
	-1.27
	N/A
	0.80

	8192
	-0.78
	Could Not Converge
	-1.52
	N/A
	0.75


Table 5: Summary of 8-PSK/16-QAM Link Performance (PB3)

	Target Data Rate [kbps]
	8-PSK              1 Tx

Ideal CE

Eb/Nt [dB]
	16-QAM               1 Tx

Realistic CE

Eb/Nt [dB]
	16-QAM               1 Tx

Ideal CE

Eb/Nt [dB]
	16-QAM (Realistic CE) Link Gain     over 8-PSK (Ideal CE)

[dB]
	16-QAM Link Gain         over 8-PSK

Ideal CE [dB]

	3500
	1.20
	0.17
	-0.17
	1.04
	1.37

	4096
	0.83
	-0.085
	-0.51
	0.91
	1.34

	4500
	0.76
	-0.13
	-0.55
	0.88
	1.30

	5000
	0.56
	-0.13
	-0.65
	0.68
	1.21


5
Conclusions

A detailed link study of 8-PSK on E-DPDCH was performed using a fractionally spaced (Tc/2) LMMSE Type 3 receiver in various fading channels (PA3, TU3, PB3) and assuming ideal channel estimation. The performance was compared to 16-QAM, using both ideal and realistic channel estimation. The comparison of 8-PSK with ideal channel estimation and 16QAM with realistic channel estimation provides an upper bound for the performance of 8-PSK. 
From the results we conclude the following:

· 16-QAM (using Realistic CE) is superior to 8-PSK (using Ideal CE) for data rates in the following range:

· PA3: 3.5 Mbps < R < 8.192 Mbps. The gains range from 0.36 to 2.2 dB.

· TU3: 3.5 Mbps < R < 5.5 Mbps. The gains range from 0.14 to 0.58 dB.

· PB3: 3.5 Mbps < R < 5.5 Mbps. The gains range from 0.68 to 1.035 dB
Note: These gains show an upper bound of the performance of 8-PSK. 
· 16-QAM (using Ideal CE) is superior to 8-PSK (using Ideal CE) for data rates in the following range:

· PA3: 3.5 Mbps < R < 8.192 Mbps. The gains range from 2.25 to 3.47 dB.

· TU3: 3.5 Mbps < R < 8.192 Mbps. The gains range from 0.75 to 1.28 dB.

· PB3: 3.5 Mbps < R < 5.0 Mbps. The gains range from 1.21 to 1.37 dB
Note: These gains show a lower bound of the performance of 8-PSK (assuming that channel estimation loss of 8-PSK is smaller than that of 16QAM).

In reality, the performance of 8-PSK will be between the lower and upper bounds indicated above. 
In [8], a cubic metric analysis was performed on higher modulations for E-DPDCH. The conclusion in that study was as follows:
· QPSK and 8-PSK show the same cubic metric performance since both signals have the constant modulus property. 

· In case of Ne-dpdch= 4 (2xSF2+2xSF4):

· the minimum of the difference in cubic metric between 16-QAM and QPSK/8-PSK is ~0.18 to 0.32 dB. 

· the maximum of the difference in cubic metric between 16-QAM and QPSK/8-PSK is ~0.75 to 0.84 dB.
We expect the channel estimation loss suffered by 8-PSK (using Realistic CE) to yield a net efficiency loss when compared to 16-QAM modulation as the advantage in CM will not be able to compensate the link efficiency loss.
As a result, we conclude that looking into link efficiency as well as CM analysis, 16-QAM modulation is superior to 8-PSK as a HOM candidate for E-DPDCH.
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Annex 1
In the following sections, for each combination of transport block size, target number of transmissions and channel type we plot a pair of curves:

1) The link SNR requirement, expressed in terms of 
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2) The combined 
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Please refer to [5] for further details on 
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Figure 2: Eb/Nt v/s E-DPDCH/DPCCH, Target Data Rate = 3500 kbps, PA3
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Figure 3: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 3500 kbps, PA3
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Figure 4: Eb/Nt v/s E-DPDCH/DPCCH, Target Data Rate = 4096 kbps, PA3
[image: image10.emf]8 10 12 14 16 18 20

-16

-14

-12

-10

-8

-6

-4

-2

0

E-DPCCH/DPCCH

E

cp

/N

t

(dB)

TBS = 8192 bits, PA3, 1 Transmission

8-PSK: 2xSF2+2xSF4, Ideal CE

16-QAM: 2xSF2+2xSF4, Realistic CE

16-QAM: 2xSF2+2xSF4, Ideal CE


Figure 5: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4096 kbps, PA3
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Figure 6: Eb/Nt v/s E-DPDCH/DPCCH, Target Data Rate = 4500 kbps, PA3
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Figure 7: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4500 kbps, PA3
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Figure 8: Eb/Nt v/s E-DPDCH/DPCCH, Target Data Rate = 5000 kbps, PA3
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Figure 9: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 5000 kbps, PA3
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Figure 10: Eb/Nt v/s E-DPDCH/DPCCH,
 Target Data Rate = 5500 kbps, PA3
[image: image16.emf]8 10 12 14 16 18 20 22

-16

-14

-12

-10

-8

-6

-4

-2

0

2

E-DPCCH/DPCCH

E

cp

/N

t

(dB)

TBS = 11000 bits, PA3, 1 Transmission

8-PSK: 2xSF2+2xSF4, Ideal CE

16-QAM: 2xSF2+2xSF4, Realistic CE

16-QAM: 2xSF2+2xSF4, Ideal CE


Figure 11: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 5500 kbps, PA3
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Figure 12: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 7000 kbps, PA3
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Figure 13: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 7000 kbps, PA3
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Figure 14: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 8192 kbps, PA3
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Figure 15: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 8192 kbps, PA3
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Figure 16: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate =3500 kbps, TU3
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Figure 17: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate =3500 kbps, PA3
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Figure 18: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4096 kbps, TU3
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Figure 19: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4096 kbps, TU3
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Figure 20: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4500 kbps, TU3
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Figure 21: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4500 kbps, TU3
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Figure 22: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 5000 kbps, TU3
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Figure 23: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 5000 kbps, TU3
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Figure 24: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 5500 kbps, TU3
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Figure 25: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 5500 kbps, TU3
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Figure 26: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 7000 kbps, TU3
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Figure 27: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 7000 kbps, TU3
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Figure 28: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 8192 kbps, TU3
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Figure 29: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 8192 kbps, TU3
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Figure 26: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 3500 kbps, PB3
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Figure 27: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 3500 kbps, PB3
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Figure 26: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4096 kbps, PB3
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Figure 27: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4096 kbps, PB3
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Figure 26: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4500 kbps, PB3
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Figure 27: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4500 kbps, PB3
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Figure 26: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 5000 kbps, PB3
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Figure 27: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 5000 kbps, PB3
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