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1 Introduction

In Tdoc R1-01-237 [1], Panasonic proposed signal constellation re-arrangement of 16QAM and 64QAM to improve the link level performance of Chase Combining. However, the approach would have three drawbacks compared to the conventional Chase Combing as described below.  

1) Retransmission number of packets and Gray mapping patterns must be synchronized; that is, FHARQ redundancy version shall be signaled from a Node B to a UE [2].  The information leads to the increase of overhead. 

2) UEs must handle additional mapping patterns for 16QAM and 64QAM, respectively. This may somewhat increase the UE complexity.

3) Extra buffering memory compared to Symbol level Chase Combining is required.

In this contribution, an alternative method to signal constellation re-arrangement approach is proposed. In this proposal, the Gray mapping pattern is always constant, and the reliability of bits is modified by changing bit-interleaving pattern in each retransmission. The proposed method has following  advantages. 

1) No change is needed for Gray mapping.

2) No additional HARQ signaling is needed.

2 Proposed method

2.1 Frame format

Figure 1 illustrates an example of a frame format for HS-DSCH. In this section, a new HARQ method is explained under following assumptions:

1) TTI length is 3 slots,

2) Ai, Bi Ci, Di and Ei denote the sub-frames that were assigned to user “A”, “B”, “C”, “D” and “E”,

3) Re-transmission of a packet is not occurred within a frame period with the same System Frame Number (SFN).
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Fig.1. An example of frame format for HS-PDSCH.
2.2 Proposed scheme based on the Bit Interleaved Coded Modulation

Figure 2 illustrates proposed transmitter and receiver structure based on the Bit Interleaved Coded Modulation [4]. Bit level Chase Combining is applied at receiver side. Here we propose to change the bit interleaving pattern in each transmission of a packet when 16QAM or 64QAM is applied as an MCS. 

We assume that we can generate  M different interleaving patterns for the bit interleaver. An interleaving pattern number N is determined by the following formula.

N = SFN mod M  (1)

The SFN is synchronized between a Node B and a UE. Therefore, the UE can determine a bit interleaving pattern uniquely from the given SFN without additional information. As for the mapping process, it is enough to give only one Gray mapping pattern for 16QAM or 64QAM. 

At the receiver side, a de-mapper produces maximum likelihood estimate of a bit and   bit de-interleaver is applied by referring the SFN as described in Equation (1). The de-interleaved soft-values are combined with previous packet based on the Chase Combining by bit level, and transmitted bits are restored by the Turbo decoder.

[Example 1]

Assume that L=100 and M=3 in Fig.1. The interleaving pattern for user “A” in Fig.1 is changed as follows:

Sub-frame A1: SFN mod M = 100 mod 3 =1,

Sub-frame A2: SFN mod M = 101 mod 3 =2,

Sub-frame A3: SFN mod M = 102 mod 3 =0.

Although the Gray mapping pattern is always constant, we expect that the reliability of some bits is improved because the bit interleaving pattern is changed in each transmission of the packet. As a result, we can also expect the improvement of packet error rate and throughput performance. 
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Fig.2. Transmitter and receiver structure of proposed method.

2.3 Bit Interleaver

There may be several approaches on the definition of channel interleaver and how to change the interleaving pattern. Generally, the requirements for the channel interleaver shall be as follows.

1) Interleaving pattern can be changed with low complexity.

2) Interleaving patterns should be designed so that we can get optimum link performance.

The details of the channel interleaver are not proposed in this contribution because the channel interleaver that satisfies above requirements is now under the investigation. The study results of the interleaver are to be appeared in near future.

2.4 Advantages of the proposed method

From above descriptions, we can see that the proposed method has following advantages. 

1) No change of Gray mapping pattern is needed. Therefore, there is no impact on the implementation of mapper and de-mapper.

2) No additional HARQ signaling is needed. 

3 Simulation results

3.1 Transmitter model for simulation

A transmitter model used for simulations is shown in Figure 3 (a), and a down link simulation model is illustrated in Figure 3 (b). In actual simulations, a symbol level downlink simulator was used. The terminology used throughout the document is as follows:

Ior is the total transmitted power density by a BTS,

Ior is the post-channel transmitted power density,

Ioc+No is the other cell interference plus noise power density,

Io is the total received power density at a UE antenna.

Modulations and coding schemes are shown in Table 1.
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(a) Transmitter model.
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(b) Downlink model.

Fig.3. Simulation model.

Table 1. Modulation and coding schemes

	MCS
	Modulation
	Code rate

	5
	64QAM
	3/4

	4
	16QAM
	3/4

	3
	16QAM
	1/2

	2
	QPSK
	3/4

	1
	QPSK
	1/2


3.2 Simulation conditions

Table 2 shows simulation conditions. Ec/Ior was fixed to –1dB, that is, the power of the physical downlink shared channel always occupied 80% of the total downlink transmission power. The perfect channel estimation was assumed throughout the simulation. As for the channel interleaver, a random interleaving pattern is always re-generated in each transmission of a packet. The SFN was used as a seed of the random sequence generation.

Table 2. Simulation conditions

	Parameter
	Value

	Carrier Frequency
	2GHz

	Propagation conditions
	Rayleigh fading (1 path)

	Doppler frequency
	6Hz and 80Hz

	CPICH relative power
	10% (-10dB)

	Ec/Ior
	-1dB

	Closed loop Power Control
	OFF

	HSDPA frame Length
	2 ms (3 slots)

	Spreading factor
	16

	Ior/(Ioc+No)
	Variable

	Channel Estimation
	Ideal

	Fast fading model
	Jakes spectrum

	Channel coding
	Rel’99 Turbo code (PCCC), 
Rate 1/2 and 3/4

	Tail bits
	6

	Max no. of iterations for Turbo Coder
	8

	Metric for Turbo Coder
	Max-log MAP

	Input to Turbo Decoder
	Soft

	Turbo Interleaver
	PIL

	Bit Interleaver
	Random Interleaver

	Number of Rake fingers
	1

	Hybrid ARQ
	Chase combining

	Max number of frame transmissions for H-ARQ
	10

	Information Bit Rates (Mbps)
	Max. 10.8

	Number of Multicodes Assumed
	10 

	Transmitter diversity
	STTD is applied.


3.3 Simulation results

3.3.1 Packet error rate

Frame error rate (FER) properties in case of first, second and third transmissions are shown in Figure 4 and 5. The MCS levels 4 and 5 in the Table 1 were applied under fading environment. It is clear that the proposed method improves the FER significantly in the second and third transmission. These figures show smaller performance gain in comparison with constellation re-arrangement approach in case of the 16QAM. This is because, in 2nd transmission, all bits with low reliability are deterministically improved by exact signaling of the re-transmission number while these bits are stochastically improved in the proposed method. On the other hand, the performance improvement is identical in case of the 64QAM. Averaging the reliability is considered to be insufficient for 2nd transmission even if we apply constellation re-arrangement in 64QAM case, and, as a result,  the performance improvement is the same as the proposed method.
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Fig.4. Link level performance (fd=6Hz)
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Fig.5. Link level performance (fd=80Hz)

3.3.2 Throughput performance

Throughput performance of the proposed method, the symbol level Chase Combining and the constellation rearrangement approach are shown in Figure 6 and 7 under the Rayleigh fading environment. It is shown that the proposed method improves the Throughput performance, especially, at low SNR condition in comparison with the symbol level Chase Combining. In addition, the proposed method can achieve almost the same throughput performenceas the constellation rearrangement approach regarding the 64QAM case as expected from the FER results. 

4 Conclusions

In this contribution, an alternative method to constellation rearrangement approach was proposed. The main feature of the method is that we don’t require any signaling from a Node B to a UE for operation of the scheme. Following subjects still remain  for future study.

1) We need to show concrete channel interleaver,

2) More simulations need to be done to show the feasibility of the proposed method.

3) We need to investigate practical impact of bit level buffering to the buffering memory.
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Fig.6. Throughput performance (fd=6Hz) 

Fig.7. Throughput performance (fd=80Hz) 
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		10		4.076569				4.093984		4.083807

		13		4.435873				4.441012		4.438869

		16		4.558066				4.558969		4.558969

		19		4.591277				4.592652		4.59311

		#16qam 3/4						#pana		#intl

		1		0.887117				1.410066		1.214682

		4		1.723476				2.234922		2.044342

		7		3.018803				3.34592		3.23475

		10		4.700826				4.838264		4.789272

		13		5.96964				6.009651		5.983929

		16		6.643257				6.644518		6.633813

		19		6.893835				6.895193		6.895193

		22		6.974195				6.976976		6.972112

		#64qam 3/4						#pana		#intl

		7		1.221397						2.73748

		10		3.000544						3.983016

		13		5.174265						5.703524

		16		7.676709						7.868171

		19		9.361477						9.407171

		22		10.203099						10.210962

		25		10.496089						10.496089

		28		10.575676						10.575676

		31		10.595762						10.596821
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		# AWGN performance, 1st Transmission, TTI=3, SF=16, 1000 error frame or 100000 Frame simulation runs

		# random interleaver

		#64QAM 3/4						#16QAM 3/4						#16QAM 1/2						#QPSK 3/4						#QPSK 1/2

		3.5		1				-2		1				-5.5		0.999001				-8		0.997009				-11.5		1

		4		0.951475				-1.5		0.992063				-5		0.897666				-7.5		0.938086				-11		0.998004

		4.5		0.373274				-1		0.670241				-4.5		0.363901				-7		0.547945				-10.5		0.933707

		5		0.018342				-0.5		0.113908				-4		0.019953				-6.5		0.102575				-10		0.553403

		5.5		0.00131				0		0.00498				-3.5		0.00013				-6		0.00795				-9.5		0.108885

		6		0.00033				0.5		0.00069				-3		0.00002				-5.5		0.00065				-9		0.00428

		6.5		0.0001				1		0.00021				-2.5						-5		0.00013				-8.5		0.00007

								1.5		0.00005
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		# chase combine

				1st		2nd		3rd				#16QAM 1/2

		-18		1		1		0.9938				#TTI=3

		-15		1		0.974		0.8803				#fd=6

		-12		0.9705		0.7806		0.5561

		-9		0.7862		0.4047		0.2331

		-6		0.4065		0.1457		0.0705

		-3		0.1527		0.0408		0.0196

		0		0.0448		0.0126		0.007

		3		0.0148		0.0044		0.0021

		6		0.0053		0.0012		0.0004

		# panasonic

		-18				0.9986		0.9636

		-15				0.9377		0.7507
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		-6				0.0997		0.0377

		-3				0.0276		0.0121
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		# interleaver
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		-3				0.0317		0.0151

		0				0.01		0.0052

		3				0.0036		0.0015

		6				0.0008		0.0002

								#64QAM 3/4

								#TTI=3

								#fd=6
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		#CC		1st		2nd		3rd				#64QAM 3/4

		-6		0.9995		0.9829		0.9255				#TTI=3

		-3		0.9753		0.7867		0.5338				#fd=80

		0		0.7799		0.3846		0.1388				#random interleaver

		3		0.432		0.1014		0.0182

		6		0.1648		0.0151		0.0012

		9		0.0476		0.0013		0.0001

		12		0.011		0.0001

		15		0.0023

		18		0.0005

		# panasonic
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Sheet6

		# chase combine

				1st		2nd		3rd				#16QAM 3/4

		-12		1		0.9941		0.9651				#TTI=3

		-9		0.9893		0.8632		0.6513				#fd=80

		-6		0.8534		0.4801		0.2054

		-3		0.5166		0.1512		0.0326

		0		0.2151		0.0244		0.0026

		3		0.066		0.0029		0.0003

		6		0.018

		9		0.004

		# panasonic

		-12				0.9737		0.8205

		-9				0.7468		0.3668

		-6				0.3435		0.0797

		-3				0.0898		0.0089

		0				0.0125		0.0007

		3				0.0015

		6

		9

		# interleaver

		-12				0.9821		0.8984

		-9				0.7838		0.4812

		-6				0.385		0.1163

		-3				0.1069		0.0153

		0				0.0176		0.0014

		3				0.002

		6
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		# chase combine

				1st		2nd		3rd				#16QAM 1/2

		-18		1		1		0.9989				#TTI=3

		-15		0.9997		0.9824		0.9247				#fd=80

		-12		0.9756		0.7833		0.5296

		-9		0.7773		0.3765		0.1368

		-6		0.4264		0.0972		0.0181

		-3		0.1601		0.0153		0.0012

		0		0.0442		0.0012		0.0001

		3		0.01		0.0001

		6		0.0017		0.0001
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		-6				0.0623		0.0074

		-3				0.0079		0.0006

		0				0.0006

		3				0.0001

		6				0.0001

		# interleaver

		-18				0.9998		0.996

		-15				0.9661		0.8653

		-12				0.717		0.4263

		-9				0.3119		0.0947

		-6				0.0755		0.0114

		-3				0.0104		0.0011

		0				0.0009

		3				0.0001

		6





Graph4

		-12		-12		-12		-12		-12		-12		-12

		-9		-9		-9		-9		-9		-9		-9

		-6		-6		-6		-6		-6		-6		-6

		-3		-3		-3		-3		-3		-3		-3

		0		0		0		0		0		0		0

		3		3		3		3		3		3		3

		6		6		6		6		6		6		6

		9		9		9		9				9		9



1st

2nd

3rd

2nd pana

3rd pana

2nd intl

3rd intl

Ior/(Ioc+No) [dB]

FER

16QAM 3/4, TTI=3, SF=16, FD=6, STTD

1

0.9904

0.9289

0.9596

0.7673

0.9719

0.8415

0.9875

0.8573

0.6515

0.7345

0.406

0.776

0.5056

0.8599

0.4962

0.301

0.3607

0.1463

0.3998

0.2

0.4972

0.1958

0.098

0.1238

0.0406

0.143

0.0593

0.2017

0.0579

0.0273

0.0337

0.0128

0.0401

0.0173

0.0628

0.0159

0.0088

0.0108

0.0044

0.0119

0.0059

0.018

0.0053

0.0025

0.004

0.0014

0.0041

0.0018

0.0069

0.0019

0.0011

0.0016



Sheet4

		# chase combine

				1st		2nd		3rd				#16QAM 3/4

		-12		1		0.9904		0.9289				#TTI=3

		-9		0.9875		0.8573		0.6515				#fd=6

		-6		0.8599		0.4962		0.301

		-3		0.4972		0.1958		0.098

		0		0.2017		0.0579		0.0273

		3		0.0628		0.0159		0.0088

		6		0.018		0.0053		0.0025

		9		0.0069		0.0019

		# panasonic

		-12				0.9596		0.7673

		-9				0.7345		0.406

		-6				0.3607		0.1463

		-3				0.1238		0.0406
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		#CC		1st		2nd		3rd				#64QAM 3/4

		-6		1		0.9752		0.8827				#TTI=3

		-3		0.9717		0.7832		0.564				#fd=6

		0		0.7924		0.4122		0.2373				#random interleaver

		3		0.4155		0.1488		0.0714

		6		0.153		0.0417		0.02

		9		0.046		0.0126		0.007

		12		0.0149		0.0044		0.0021

		15		0.0055		0.0014

		18		0.0018				0

		# panasonic

		-6				0.8907		0.6281

		-3				0.5532		0.2806

		0				0.2338		0.0894

		3				0.0687		0.0251

		6				0.0196		0.0086

		9				0.0061		0.0026

		12				0.0023		0.0005

		15

		18

		# interleaver

		-6				0.8946		0.6008

		-3				0.5666		0.2624

		0				0.2362		0.0823

		3				0.0717		0.0233

		6				0.01999		0.0082

		9				0.007		0.0024

		12				0.0024		0.0005
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		#panasonic

		-6				0.8887		0.6328

		-3				0.5559		0.2842

		0				0.2299		0.0907

		3				0.0682		0.0257

		6				0.0191		0.0087				#111bit shift						# rnd int repeat

		9				0.0064		0.0026				0.8902		0.7515				0.8961		0.608

		12				0.0023		0.0006				0.5565		0.3869				0.5657		0.2669

		15				0.0003		0				0.2304		0.1361				0.2397		0.084

		18				0		0				0.0688		0.0386				0.0716		0.0241

		#1bit shift										0.0201		0.0118				0.0197		0.008

		-6				0.9499		0.7515				0.0062		0.0039				0.0066		0.0026

		-3				0.7016		0.3894				0.0023		0.0012				0.0023		0.0005

		0				0.3327		0.137				0.0003						0.0004

		3				0.1121		0.0384

		6				0.0306		0.0121

		9				0.0097		0.0041

		12				0.0032		0.0009

		15				0.0009		0
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		# AWGN performance, 1st Transmission, TTI=3, SF=16, 1000 error frame or 100000 Frame simulation runs

		# random interleaver

		#64QAM 3/4						#16QAM 3/4						#16QAM 1/2						#QPSK 3/4						#QPSK 1/2
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		5		0.018342				-0.5		0.113908				-4		0.019953				-6.5		0.102575				-10		0.553403
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		6.5		0.0001				1		0.00021				-2.5						-5		0.00013				-8.5		0.00007

								1.5		0.00005
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		-3		0.9753		0.7867		0.5338				#fd=80
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Sheet6

		# chase combine

				1st		2nd		3rd				#16QAM 3/4

		-12		1		0.9941		0.9651				#TTI=3

		-9		0.9893		0.8632		0.6513				#fd=80

		-6		0.8534		0.4801		0.2054

		-3		0.5166		0.1512		0.0326

		0		0.2151		0.0244		0.0026

		3		0.066		0.0029		0.0003

		6		0.018

		9		0.004

		# panasonic

		-12				0.9737		0.8205

		-9				0.7468		0.3668

		-6				0.3435		0.0797

		-3				0.0898		0.0089

		0				0.0125		0.0007

		3				0.0015

		6

		9

		# interleaver

		-12				0.9821		0.8984

		-9				0.7838		0.4812

		-6				0.385		0.1163

		-3				0.1069		0.0153

		0				0.0176		0.0014

		3				0.002

		6

		9
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		# chase combine

				1st		2nd		3rd				#16QAM 1/2

		-18		1		1		0.9989				#TTI=3

		-15		0.9997		0.9824		0.9247				#fd=80

		-12		0.9756		0.7833		0.5296

		-9		0.7773		0.3765		0.1368

		-6		0.4264		0.0972		0.0181

		-3		0.1601		0.0153		0.0012

		0		0.0442		0.0012		0.0001

		3		0.01		0.0001

		6		0.0017		0.0001

		# panasonic

		-18				0.9995		0.9872

		-15				0.951		0.7872

		-12				0.668		0.3271

		-9				0.2746		0.0625

		-6				0.0623		0.0074

		-3				0.0079		0.0006

		0				0.0006

		3				0.0001

		6				0.0001

		# interleaver

		-18				0.9998		0.996

		-15				0.9661		0.8653

		-12				0.717		0.4263

		-9				0.3119		0.0947

		-6				0.0755		0.0114

		-3				0.0104		0.0011

		0				0.0009

		3				0.0001
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Sheet4

		# chase combine

				1st		2nd		3rd				#16QAM 3/4

		-12		1		0.9904		0.9289				#TTI=3

		-9		0.9875		0.8573		0.6515				#fd=6

		-6		0.8599		0.4962		0.301

		-3		0.4972		0.1958		0.098

		0		0.2017		0.0579		0.0273

		3		0.0628		0.0159		0.0088

		6		0.018		0.0053		0.0025

		9		0.0069		0.0019

		# panasonic

		-12				0.9596		0.7673

		-9				0.7345		0.406

		-6				0.3607		0.1463

		-3				0.1238		0.0406

		0				0.0337		0.0128

		3				0.0108		0.0044

		6				0.004		0.0014

		9				0.0011

		# interleaver

		-12				0.9719		0.8415

		-9				0.776		0.5056

		-6				0.3998		0.2

		-3				0.143		0.0593

		0				0.0401		0.0173

		3				0.0119		0.0059

		6				0.0041		0.0018

		9				0.0016
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		#CC		1st		2nd		3rd				#64QAM 3/4

		-6		1		0.9752		0.8827				#TTI=3

		-3		0.9717		0.7832		0.564				#fd=6

		0		0.7924		0.4122		0.2373				#random interleaver

		3		0.4155		0.1488		0.0714

		6		0.153		0.0417		0.02

		9		0.046		0.0126		0.007

		12		0.0149		0.0044		0.0021

		15		0.0055		0.0014

		18		0.0018				0

		# panasonic

		-6				0.8907		0.6281

		-3				0.5532		0.2806

		0				0.2338		0.0894

		3				0.0687		0.0251

		6				0.0196		0.0086

		9				0.0061		0.0026

		12				0.0023		0.0005

		15

		18

		# interleaver

		-6				0.8946		0.6008

		-3				0.5666		0.2624

		0				0.2362		0.0823

		3				0.0717		0.0233

		6				0.01999		0.0082

		9				0.007		0.0024

		12				0.0024		0.0005

		15

		18

		#panasonic

		-6				0.8887		0.6328

		-3				0.5559		0.2842

		0				0.2299		0.0907

		3				0.0682		0.0257

		6				0.0191		0.0087				#111bit shift						# rnd int repeat

		9				0.0064		0.0026				0.8902		0.7515				0.8961		0.608

		12				0.0023		0.0006				0.5565		0.3869				0.5657		0.2669

		15				0.0003		0				0.2304		0.1361				0.2397		0.084

		18				0		0				0.0688		0.0386				0.0716		0.0241

		#1bit shift										0.0201		0.0118				0.0197		0.008

		-6				0.9499		0.7515				0.0062		0.0039				0.0066		0.0026

		-3				0.7016		0.3894				0.0023		0.0012				0.0023		0.0005

		0				0.3327		0.137				0.0003						0.0004

		3				0.1121		0.0384

		6				0.0306		0.0121

		9				0.0097		0.0041

		12				0.0032		0.0009

		15				0.0009		0

		18				0.0001		0
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Sheet1

		# AWGN performance, 1st Transmission, TTI=3, SF=16, 1000 error frame or 100000 Frame simulation runs

		# random interleaver

		#64QAM 3/4						#16QAM 3/4						#16QAM 1/2						#QPSK 3/4						#QPSK 1/2

		3.5		1				-2		1				-5.5		0.999001				-8		0.997009				-11.5		1

		4		0.951475				-1.5		0.992063				-5		0.897666				-7.5		0.938086				-11		0.998004

		4.5		0.373274				-1		0.670241				-4.5		0.363901				-7		0.547945				-10.5		0.933707

		5		0.018342				-0.5		0.113908				-4		0.019953				-6.5		0.102575				-10		0.553403

		5.5		0.00131				0		0.00498				-3.5		0.00013				-6		0.00795				-9.5		0.108885

		6		0.00033				0.5		0.00069				-3		0.00002				-5.5		0.00065				-9		0.00428

		6.5		0.0001				1		0.00021				-2.5						-5		0.00013				-8.5		0.00007

								1.5		0.00005
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Sheet2

		# chase combine

				1st		2nd		3rd				#16QAM 1/2

		-18		1		1		0.9938				#TTI=3

		-15		1		0.974		0.8803				#fd=6

		-12		0.9705		0.7806		0.5561

		-9		0.7862		0.4047		0.2331

		-6		0.4065		0.1457		0.0705

		-3		0.1527		0.0408		0.0196

		0		0.0448		0.0126		0.007

		3		0.0148		0.0044		0.0021

		6		0.0053		0.0012		0.0004

		# panasonic

		-18				0.9986		0.9636

		-15				0.9377		0.7507

		-12				0.662		0.3878

		-9				0.3021		0.1359

		-6				0.0997		0.0377

		-3				0.0276		0.0121

		0				0.0086		0.004

		3				0.0031		0.001

		6				0.0008

		# interleaver

		-18				0.9996		0.9822

		-15				0.9524		0.8213

		-12				0.7068		0.4679

		-9				0.3392		0.178

		-6				0.1166		0.0534

		-3				0.0317		0.0151

		0				0.01		0.0052

		3				0.0036		0.0015

		6				0.0008		0.0002

								#64QAM 3/4

								#TTI=3

								#fd=6
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Sheet7

		#CC		1st		2nd		3rd				#64QAM 3/4

		-6		0.9995		0.9829		0.9255				#TTI=3

		-3		0.9753		0.7867		0.5338				#fd=80

		0		0.7799		0.3846		0.1388				#random interleaver

		3		0.432		0.1014		0.0182

		6		0.1648		0.0151		0.0012

		9		0.0476		0.0013		0.0001

		12		0.011		0.0001

		15		0.0023

		18		0.0005

		# panasonic

		-6				0.9053		0.6437

		-3				0.5564		0.2026

		0				0.2022		0.0323

		3				0.0389		0.0031

		6				0.005		0.0003

		9				0.0003

		12

		15
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		# interleaver

		-6				0.9121		0.6211

		-3				0.5698		0.1897

		0				0.2105		0.0316

		3				0.0443		0.0031

		6				0.0063		0.0003

		9				0.0003
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		15

		18





Graph6

		-12		-12		-12		-12		-12		-12		-12

		-9		-9		-9		-9		-9		-9		-9

		-6		-6		-6		-6		-6		-6		-6

		-3		-3		-3		-3		-3		-3		-3

		0		0		0		0		0		0		0

		3		3		3		3		3		3		3

		6		6		6		6		6		6		6

		9		9		9		9		9		9		9



1st

2nd

3rd

2nd pana

3rd pana

2nd intl

3rd intl

Ior/(Ioc+No) [dB]

FER

16QAM R=3/4, TTI=3 SF=16 FD=80 STTD

1

0.9941

0.9651

0.9737

0.8205

0.9821

0.8984

0.9893

0.8632

0.6513

0.7468

0.3668

0.7838

0.4812

0.8534

0.4801

0.2054

0.3435

0.0797

0.385

0.1163

0.5166

0.1512

0.0326

0.0898

0.0089

0.1069

0.0153

0.2151

0.0244

0.0026

0.0125

0.0007

0.0176

0.0014

0.066

0.0029

0.0003

0.0015

0.002

0.018

0.004



Sheet6

		# chase combine

				1st		2nd		3rd				#16QAM 3/4

		-12		1		0.9941		0.9651				#TTI=3

		-9		0.9893		0.8632		0.6513				#fd=80

		-6		0.8534		0.4801		0.2054

		-3		0.5166		0.1512		0.0326

		0		0.2151		0.0244		0.0026

		3		0.066		0.0029		0.0003

		6		0.018

		9		0.004

		# panasonic

		-12				0.9737		0.8205

		-9				0.7468		0.3668

		-6				0.3435		0.0797

		-3				0.0898		0.0089

		0				0.0125		0.0007

		3				0.0015

		6

		9

		# interleaver

		-12				0.9821		0.8984

		-9				0.7838		0.4812

		-6				0.385		0.1163

		-3				0.1069		0.0153

		0				0.0176		0.0014

		3				0.002

		6

		9





Sheet5

		# chase combine

				1st		2nd		3rd				#16QAM 1/2

		-18		1		1		0.9989				#TTI=3

		-15		0.9997		0.9824		0.9247				#fd=80

		-12		0.9756		0.7833		0.5296

		-9		0.7773		0.3765		0.1368

		-6		0.4264		0.0972		0.0181

		-3		0.1601		0.0153		0.0012

		0		0.0442		0.0012		0.0001

		3		0.01		0.0001

		6		0.0017		0.0001

		# panasonic

		-18				0.9995		0.9872

		-15				0.951		0.7872

		-12				0.668		0.3271

		-9				0.2746		0.0625

		-6				0.0623		0.0074

		-3				0.0079		0.0006

		0				0.0006

		3				0.0001

		6				0.0001

		# interleaver

		-18				0.9998		0.996

		-15				0.9661		0.8653

		-12				0.717		0.4263

		-9				0.3119		0.0947

		-6				0.0755		0.0114

		-3				0.0104		0.0011

		0				0.0009

		3				0.0001

		6





Graph4
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		-9		-9		-9		-9		-9		-9		-9

		-6		-6		-6		-6		-6		-6		-6

		-3		-3		-3		-3		-3		-3		-3

		0		0		0		0		0		0		0

		3		3		3		3		3		3		3

		6		6		6		6		6		6		6

		9		9		9		9				9		9
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3rd pana
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16QAM 3/4, TTI=3, SF=16, FD=6, STTD

1
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Sheet4

		# chase combine

				1st		2nd		3rd				#16QAM 3/4

		-12		1		0.9904		0.9289				#TTI=3

		-9		0.9875		0.8573		0.6515				#fd=6

		-6		0.8599		0.4962		0.301

		-3		0.4972		0.1958		0.098

		0		0.2017		0.0579		0.0273

		3		0.0628		0.0159		0.0088

		6		0.018		0.0053		0.0025

		9		0.0069		0.0019

		# panasonic

		-12				0.9596		0.7673

		-9				0.7345		0.406

		-6				0.3607		0.1463

		-3				0.1238		0.0406

		0				0.0337		0.0128

		3				0.0108		0.0044

		6				0.004		0.0014

		9				0.0011

		# interleaver

		-12				0.9719		0.8415

		-9				0.776		0.5056

		-6				0.3998		0.2

		-3				0.143		0.0593

		0				0.0401		0.0173

		3				0.0119		0.0059

		6				0.0041		0.0018

		9				0.0016





Sheet3

		#CC		1st		2nd		3rd				#64QAM 3/4

		-6		1		0.9752		0.8827				#TTI=3

		-3		0.9717		0.7832		0.564				#fd=6

		0		0.7924		0.4122		0.2373				#random interleaver

		3		0.4155		0.1488		0.0714

		6		0.153		0.0417		0.02

		9		0.046		0.0126		0.007

		12		0.0149		0.0044		0.0021

		15		0.0055		0.0014

		18		0.0018				0

		# panasonic

		-6				0.8907		0.6281

		-3				0.5532		0.2806

		0				0.2338		0.0894

		3				0.0687		0.0251

		6				0.0196		0.0086

		9				0.0061		0.0026

		12				0.0023		0.0005

		15

		18

		# interleaver

		-6				0.8946		0.6008

		-3				0.5666		0.2624

		0				0.2362		0.0823

		3				0.0717		0.0233

		6				0.01999		0.0082

		9				0.007		0.0024

		12				0.0024		0.0005

		15

		18

		#panasonic

		-6				0.8887		0.6328

		-3				0.5559		0.2842

		0				0.2299		0.0907

		3				0.0682		0.0257

		6				0.0191		0.0087				#111bit shift						# rnd int repeat

		9				0.0064		0.0026				0.8902		0.7515				0.8961		0.608

		12				0.0023		0.0006				0.5565		0.3869				0.5657		0.2669

		15				0.0003		0				0.2304		0.1361				0.2397		0.084

		18				0		0				0.0688		0.0386				0.0716		0.0241

		#1bit shift										0.0201		0.0118				0.0197		0.008

		-6				0.9499		0.7515				0.0062		0.0039				0.0066		0.0026

		-3				0.7016		0.3894				0.0023		0.0012				0.0023		0.0005

		0				0.3327		0.137				0.0003						0.0004

		3				0.1121		0.0384

		6				0.0306		0.0121

		9				0.0097		0.0041

		12				0.0032		0.0009

		15				0.0009		0

		18				0.0001		0
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Sheet1

		# AWGN performance, 1st Transmission, TTI=3, SF=16, 1000 error frame or 100000 Frame simulation runs

		# random interleaver

		#64QAM 3/4						#16QAM 3/4						#16QAM 1/2						#QPSK 3/4						#QPSK 1/2

		3.5		1				-2		1				-5.5		0.999001				-8		0.997009				-11.5		1

		4		0.951475				-1.5		0.992063				-5		0.897666				-7.5		0.938086				-11		0.998004

		4.5		0.373274				-1		0.670241				-4.5		0.363901				-7		0.547945				-10.5		0.933707

		5		0.018342				-0.5		0.113908				-4		0.019953				-6.5		0.102575				-10		0.553403

		5.5		0.00131				0		0.00498				-3.5		0.00013				-6		0.00795				-9.5		0.108885

		6		0.00033				0.5		0.00069				-3		0.00002				-5.5		0.00065				-9		0.00428

		6.5		0.0001				1		0.00021				-2.5						-5		0.00013				-8.5		0.00007

								1.5		0.00005





Graph2

		-18		-18		-18		-18		-18		-18		-18

		-15		-15		-15		-15		-15		-15		-15

		-12		-12		-12		-12		-12		-12		-12

		-9		-9		-9		-9		-9		-9		-9

		-6		-6		-6		-6		-6		-6		-6

		-3		-3		-3		-3		-3		-3		-3

		0		0		0		0		0		0		0

		3		3		3		3		3		3		3

		6		6		6		6				6
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Sheet2

		# chase combine

				1st		2nd		3rd				#16QAM 1/2

		-18		1		1		0.9938				#TTI=3

		-15		1		0.974		0.8803				#fd=6

		-12		0.9705		0.7806		0.5561

		-9		0.7862		0.4047		0.2331

		-6		0.4065		0.1457		0.0705

		-3		0.1527		0.0408		0.0196

		0		0.0448		0.0126		0.007

		3		0.0148		0.0044		0.0021

		6		0.0053		0.0012		0.0004

		# panasonic

		-18				0.9986		0.9636

		-15				0.9377		0.7507

		-12				0.662		0.3878

		-9				0.3021		0.1359

		-6				0.0997		0.0377

		-3				0.0276		0.0121

		0				0.0086		0.004

		3				0.0031		0.001

		6				0.0008

		# interleaver

		-18				0.9996		0.9822

		-15				0.9524		0.8213

		-12				0.7068		0.4679

		-9				0.3392		0.178

		-6				0.1166		0.0534

		-3				0.0317		0.0151

		0				0.01		0.0052

		3				0.0036		0.0015

		6				0.0008		0.0002

								#64QAM 3/4

								#TTI=3

								#fd=6
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Sheet7

		#CC		1st		2nd		3rd				#64QAM 3/4

		-6		0.9995		0.9829		0.9255				#TTI=3

		-3		0.9753		0.7867		0.5338				#fd=80

		0		0.7799		0.3846		0.1388				#random interleaver

		3		0.432		0.1014		0.0182

		6		0.1648		0.0151		0.0012

		9		0.0476		0.0013		0.0001

		12		0.011		0.0001

		15		0.0023

		18		0.0005

		# panasonic

		-6				0.9053		0.6437

		-3				0.5564		0.2026

		0				0.2022		0.0323

		3				0.0389		0.0031

		6				0.005		0.0003

		9				0.0003

		12

		15

		18

		# interleaver

		-6				0.9121		0.6211

		-3				0.5698		0.1897

		0				0.2105		0.0316

		3				0.0443		0.0031

		6				0.0063		0.0003

		9				0.0003

		12

		15

		18
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Sheet6

		# chase combine

				1st		2nd		3rd				#16QAM 3/4

		-12		1		0.9941		0.9651				#TTI=3

		-9		0.9893		0.8632		0.6513				#fd=80

		-6		0.8534		0.4801		0.2054

		-3		0.5166		0.1512		0.0326

		0		0.2151		0.0244		0.0026

		3		0.066		0.0029		0.0003

		6		0.018

		9		0.004

		# panasonic

		-12				0.9737		0.8205

		-9				0.7468		0.3668

		-6				0.3435		0.0797

		-3				0.0898		0.0089

		0				0.0125		0.0007

		3				0.0015

		6

		9

		# interleaver

		-12				0.9821		0.8984

		-9				0.7838		0.4812

		-6				0.385		0.1163

		-3				0.1069		0.0153

		0				0.0176		0.0014

		3				0.002

		6

		9





Sheet5

		# chase combine

				1st		2nd		3rd				#16QAM 1/2

		-18		1		1		0.9989				#TTI=3

		-15		0.9997		0.9824		0.9247				#fd=80

		-12		0.9756		0.7833		0.5296

		-9		0.7773		0.3765		0.1368

		-6		0.4264		0.0972		0.0181

		-3		0.1601		0.0153		0.0012

		0		0.0442		0.0012		0.0001

		3		0.01		0.0001

		6		0.0017		0.0001

		# panasonic

		-18				0.9995		0.9872

		-15				0.951		0.7872

		-12				0.668		0.3271

		-9				0.2746		0.0625

		-6				0.0623		0.0074

		-3				0.0079		0.0006

		0				0.0006

		3				0.0001

		6				0.0001

		# interleaver

		-18				0.9998		0.996

		-15				0.9661		0.8653

		-12				0.717		0.4263

		-9				0.3119		0.0947

		-6				0.0755		0.0114

		-3				0.0104		0.0011

		0				0.0009

		3				0.0001

		6





Graph4

		-12		-12		-12		-12		-12		-12		-12

		-9		-9		-9		-9		-9		-9		-9

		-6		-6		-6		-6		-6		-6		-6

		-3		-3		-3		-3		-3		-3		-3

		0		0		0		0		0		0		0

		3		3		3		3		3		3		3

		6		6		6		6		6		6		6

		9		9		9		9				9		9



1st

2nd

3rd

2nd pana

3rd pana

2nd intl

3rd intl

Ior/(Ioc+No) [dB]

FER

16QAM 3/4, TTI=3, SF=16, FD=6, STTD

1

0.9904
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0.9596

0.7673

0.9719

0.8415
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0.6515
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0.406

0.776

0.5056
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0.301

0.3607

0.1463

0.3998

0.2

0.4972

0.1958

0.098

0.1238

0.0406

0.143

0.0593

0.2017

0.0579

0.0273

0.0337

0.0128

0.0401

0.0173

0.0628

0.0159

0.0088

0.0108

0.0044

0.0119

0.0059

0.018

0.0053

0.0025

0.004

0.0014

0.0041

0.0018

0.0069

0.0019

0.0011

0.0016



Sheet4

		# chase combine

				1st		2nd		3rd				#16QAM 3/4

		-12		1		0.9904		0.9289				#TTI=3

		-9		0.9875		0.8573		0.6515				#fd=6

		-6		0.8599		0.4962		0.301

		-3		0.4972		0.1958		0.098

		0		0.2017		0.0579		0.0273

		3		0.0628		0.0159		0.0088

		6		0.018		0.0053		0.0025

		9		0.0069		0.0019

		# panasonic

		-12				0.9596		0.7673

		-9				0.7345		0.406

		-6				0.3607		0.1463

		-3				0.1238		0.0406

		0				0.0337		0.0128

		3				0.0108		0.0044

		6				0.004		0.0014

		9				0.0011

		# interleaver

		-12				0.9719		0.8415

		-9				0.776		0.5056

		-6				0.3998		0.2

		-3				0.143		0.0593

		0				0.0401		0.0173

		3				0.0119		0.0059

		6				0.0041		0.0018

		9				0.0016





Sheet3

		#CC		1st		2nd		3rd				#64QAM 3/4

		-6		1		0.9752		0.8827				#TTI=3

		-3		0.9717		0.7832		0.564				#fd=6

		0		0.7924		0.4122		0.2373				#random interleaver

		3		0.4155		0.1488		0.0714

		6		0.153		0.0417		0.02

		9		0.046		0.0126		0.007

		12		0.0149		0.0044		0.0021

		15		0.0055		0.0014

		18		0.0018				0

		# panasonic

		-6				0.8907		0.6281

		-3				0.5532		0.2806

		0				0.2338		0.0894

		3				0.0687		0.0251

		6				0.0196		0.0086

		9				0.0061		0.0026

		12				0.0023		0.0005

		15

		18

		# interleaver

		-6				0.8946		0.6008

		-3				0.5666		0.2624

		0				0.2362		0.0823

		3				0.0717		0.0233

		6				0.01999		0.0082

		9				0.007		0.0024

		12				0.0024		0.0005

		15

		18

		#panasonic

		-6				0.8887		0.6328

		-3				0.5559		0.2842

		0				0.2299		0.0907

		3				0.0682		0.0257

		6				0.0191		0.0087				#111bit shift						# rnd int repeat

		9				0.0064		0.0026				0.8902		0.7515				0.8961		0.608

		12				0.0023		0.0006				0.5565		0.3869				0.5657		0.2669

		15				0.0003		0				0.2304		0.1361				0.2397		0.084

		18				0		0				0.0688		0.0386				0.0716		0.0241

		#1bit shift										0.0201		0.0118				0.0197		0.008

		-6				0.9499		0.7515				0.0062		0.0039				0.0066		0.0026

		-3				0.7016		0.3894				0.0023		0.0012				0.0023		0.0005

		0				0.3327		0.137				0.0003						0.0004

		3				0.1121		0.0384

		6				0.0306		0.0121

		9				0.0097		0.0041

		12				0.0032		0.0009

		15				0.0009		0

		18				0.0001		0
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