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1
Introduction
The topic of higher modulation formats on the uplink in HSPA was introduced in [1]-[4] with the objective of improving peak rates. This contribution presents a link analysis of 16QAM on E-DPDCH. 
2
16-QAM Simulation Assumptions
Figure 1 illustrates a high level block diagram of the transmitter with 16-QAM capability. A transport block size of 22000 bits is chosen as an example. 
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Figure 1: 16 QAM Transmitter Block Diagram- Example TBS = 22000 bits
Table 1 lists the simulation assumptions used in studying the performance of 16-QAM in HSPA. In this contribution, we investigate the performance of 16-QAM using Rake receiver. The AWGN channel model is chosen for the simulations because of the choice of Rake receiver.
Table 1: 16-QAM Simulation Assumptions

	Parameter
	Value

	TTI
	2ms

	Number of H-ARQ Processes
	8

	Target Number of Transmissions
	1 for 16QAM
1 or 2 for QPSK

	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

	Rate Matching Interleaver Buffer
	2x5760 [11520 bits]

4x5760 [23040 bits]

	DPCCH Slot Format
	8 Pilot, 2 TPC

	Channel Estimation
	Realistic

	Uplink Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	Channel
	AWGN

	Receiver Type
	Rake Receiver


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) except the 5th entry in the table where we consider 2 physical channels (2xSF2). 
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
	11484
	2 ms
	1
	0.74
	2
	5754

	6
	11484
	2ms
	2
	0.499
	4,2
	5754

	7
	16384
	2 ms
	2
	0.711
	4,2
	8192

	8
	18000
	2 ms
	2
	0.781
	4,2
	9000

	9
	20000
	2 ms
	2
	0.869
	4,2
	10000


3
Simulation Results

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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Please refer to [5] for further details on 
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Figures 2 through 15 compare the link performance for different target data rates (3500 through 10000 kbps) in AWGN by varying the following:

· Modulation Type: QPSK
 or 16-QAM.
· Number of Transmissions: 1 or 2 for QPSK, 1 for 16QAM 
· Transport Block Sizes.
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Figure 2: Eb/Nt v/s E-DPDCH/DPCCH, Target Data Rate = 3500 kbps, AWGN
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Figure 3: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 3500 kbps, AWGN
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Figure 4: Eb/Nt v/s E-DPDCH/DPCCH, Target Data Rate = 4096 kbps, AWGN
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Figure 5: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4096 kbps, AWGN
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Figure 6: Eb/Nt v/s E-DPDCH/DPCCH, Target Data Rate = 4500 kbps, AWGN
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Figure 7: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 4500 kbps, AWGN
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Figure 8: Eb/Nt v/s E-DPDCH/DPCCH, Target Data Rate = 5000 kbps, AWGN 
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Figure 9: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 5000 kbps, AWGN
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Figure 10: Eb/Nt v/s E-DPDCH/DPCCH,
 Target Data Rate = 5742 kbps, AWGN
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Figure 11: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 5742 kbps, AWGN
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Figure 12: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 8192 kbps, AWGN (16QAM only)
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Figure 13: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 8192 kbps, AWGN (16QAM only)
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Figure 14: Eb/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 10000 kbps, AWGN (16QAM only)
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Figure 15: Ecp/Nt v/s E-DPDCH/DPCCH, 
Target Data Rate = 10000 kbps, AWGN (16QAM only)

4
Summary of Results
Table 3 summarizes the link requirement for the different modulation/transmission schemes considered in this analysis. For each case, the link requirement corresponds to the optimal Eb/Nt in the Eb/Nt v/s E-DPDCH/DPCCH curves. 
Table 3: Summary of 16-QAM Link Gain Over QPSK

	Target Data Rate [kbps]
	QPSK,                1 Transmission Eb/Nt [dB]
	QPSK,                2 Transmissions   Eb/Nt [dB]
	16-QAM,            1 Transmission    Eb/Nt [dB]
	Link Gain over QPSK [dB]

	3500
	1.2
	N/A
	1.8
	-0.6

	4096
	1.4
	N/A
	1.4
	0

	4500
	2.8
	2.6
	2
	0.6

	5000
	3.5
	4.1
	2.2
	1.3

	5742
	8.8
	Cannot Converge
	2xSF2:            5.8
	5.6

	
	
	
	2xSF2+2xSF4: 3.2
	

	8192
	Cannot Converge
	Cannot Converge
	5.1
	∞

	10000
	Cannot Converge
	Cannot Converge
	8
	∞


From Table 3, we observe the following:

· For target data rates less than or equal to 4096 kbps, QPSK, 1 Transmission has an advantage over the 16-QAM, 1 Transmission scheme. 

· For target data rates greater than 4096 kbps and less than 5742 kbps, the 16-QAM, 1 Transmission scheme outperforms QPSK (both 1 and 2 transmission schemes). The gain ranges from 0 to 5.6 dB.

· For target data rate = 5742 kbps, the 16-QAM, 1 Transmission, 2 code scheme (2xSF2) is 2.6 dB worse than the 16-QAM, 1 Transmission, 4 code scheme (2xSF2+2xSF4) due to an increased code rate. However, the 2 code scheme still outperforms QPSK by 3 dB.

· For target data rates greater than 5742 kbps and less than or equal to 10000 kbps, the 16-QAM, 1 Transmission scheme can converge to a target BLER of 1%. The Eb/Nt requirement in this case ranges from 5.1 to 8 dB.

5
Conclusions
A detailed link study of 16-QAM on the HSPA uplink was performed using a Rake Receiver in AWGN. From the results we conclude the following:
· 16-QAM is a promising modulation technique and is much needed for applications that demand high data rates (> 4096 kbps) in high Ec/Nt conditions.  For example, the gain over QPSK is substantial (5.6 dB) for a target data rate of  5742 kbps
· Performance in fading channels needs to be characterized using equalizers.
· A PA back-off analysis needs to be performed to study the PA back-off requirement due to 16-QAM on uplink transmissions and compared to QPSK transmissions.
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