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1
Introduction

RAN #34 has approved a work item on Higher Order Modulation for HSUPA ‎[1].
This contribution evaluates and compares the performance for different bit mapping methods for 16QAM for HSUPA.
2
Investigated bit mapping methods
The following bit mapping methods have been investigated:
· Alternative 1: The HARQ bit collection and physical channel mapping is done as for Rel-6 HSUPA. Interleaving is done using a dual interleaver similar to 16QAM HSDPA. Even bits enter the first interleaver and odd bits the second interleaver. The RV sequence is the same as for Rel-6 HSUPA, and no constellation rearrangement is done.
· Alternative 2a: The HARQ bit collection, interleaving, constellation rearrangement and physical channel mapping is done as for 16QAM HSDPA, according to section 4.5.4.4 in ‎[2]. The RV sequences are as in the table below, with partial or full IR schemes with constellation rearrangement according to ‎[3], which describes the RV signaling for HSDPA.
	RSN
	Code rate < 0.5
	Code rate > 0.5

	
	RV
	s
	r
	b
	RV
	s
	r
	b

	0
	0
	1
	0
	0
	0
	1
	0
	0

	1
	2
	1
	1
	1
	1
	0
	0
	0

	2
	4
	1
	0
	1
	2
	1
	1
	1

	3
	7,5,2,6
	1
	1,0,1,0
	0,2,1,3
	3,4,1,7
	0,1,0,1
	1,0,0,1
	1,1,0,0


· Alternative 2b: The HARQ bit collection, interleaving, constellation rearrangement and physical channel mapping is done as for 16QAM HSDPA, according to section 4.5.4.4 in ‎[2]. The RV sequences are as in the table below, with Chase combing or full IR schemes with constellation rearrangement.
	RSN
	Code rate < 0.5
	Code rate > 0.5

	
	RV
	s
	r
	b
	RV
	s
	r
	b

	0
	0
	1
	0
	0
	0
	1
	0
	0

	1
	4
	1
	0
	1
	1
	0
	0
	0

	2
	5
	1
	0
	2
	3
	0
	1
	1

	3
	6,0,2,4
	1
	0
	3,0,1,2
	4,5,6,7
	1
	0,0,0,1
	1,2,3,0


Note that RSN = 3 means three or more transmissions, so that the actual RV value depends on the TTI number. This is how it is done for HSUPA, and it gives a robust performance for many transmissions.

2
Simulation setup

The simulation parameters are listed in Table 1.
Table 1: Simulation parameters
	Parameter
	Value

	Channel model
	Flat Rayleigh fading 3 km/h

	E-DPDCH/DPCCH
	6 dB per SF4 and I/Q branch

	E-DPCCH/DPCCH
	0 dB

	TPC
	On

	Channel estimation
	Real


3
Simulation results

The simulation results are depicted in Figure 1, Figure 2 and Figure 3 for different initial rates, and are summarized in Table 2 for the required Ec/N0 to achieve 80% and 40% of max throughput.
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Figure 1: Simulation results for initial rates {2.75, 5.5, 11} Mbps
[image: image2.wmf]
Figure 2: Simulation results for initial rates {2, 4, 8} Mbps

[image: image3.wmf]
Figure 3: Simulation results for initial rates {1.75, 3.5, 7} Mbps

Table 2: Summary of simulation results
	Initial rate (Mbps)
	80% throughput
	40% throughput

	
	Alt 1
	Alt 2a
	Alt 2b
	Alt 1
	Alt 2a
	Alt 2b

	11
	14.0
	14.0
	14.0
	2.9
	2.9
	2.9

	8
	7.6
	7.8
	7.8
	0.9
	0.7
	0.7

	7
	5.6
	5.9
	5.9
	-0.2
	-0.2
	-0.2

	5.5
	3.4
	3.5
	3.5
	-1.7
	-1.9
	-1.6

	4
	0.9
	1.3
	1.3
	-2.8
	-3.7
	-3.7

	3.5
	0.1
	0.5
	0.5
	-3.9
	-4.3
	-4.3

	2.75
	-1.3
	-0.6
	-0.6
	-5.1
	-5.3
	-5.2

	2
	-2.6
	-2.4
	-2.4
	-6.4
	-6.6
	-6.6


4
Discussion

As can be seen from the plots, Alternative 1 seems to work well for the higher bitrates with few retransmissions and actually gives somewhat better performance. For lower rates with many retransmissions, it is better to use Alternative 2a or 2b, where the constellation rearrangement makes better use of the different reliability between the bits. However for lower rates it is even better to use BPSK modulation.
Note that for 16QAM modulation and initial rates of 2 Mbps and lower, 2xSF2 or 2xSF4 is used instead of 2xSF2+2xSF4 since the number of physical channel bits is sufficient to get a code rate less than 0.33. In the figures, there are also some results for lower data rates.
There is a small gain in the first transmission with the random mapping in Alternative 1. With two or more transmissions, 2a and 2b are clearly better. After two transmissions, 2a and 2b give equal performance except for code rates slightly lower than 0.5, where 2a is better. After three or more transmissions, 2b is always better for code rates less than 0.5. For code rates greater than 0.5, 2b is better for higher rates and 2a better for lower rates.
Simulations with AWGN were also performed and the conclusions were the same.
5
Conclusions

Since 16QAM in HSUPA will typically be used at high bit rates, Alternative 1 (the extended Rel-6 HSUPA approach) is the preferred bit mapping method. Alternative 1 also has the advantage of less changes in the coding chain compared to Rel-6 HSUPA.
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