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1. Introduction
In RAN1 Sorrento meeting, the interleaver structure based on quadratic permutation polynomials (QPP) ‎[1]

 REF _Ref158452875 \r \h 
‎[2]

 REF _Ref158450129 \r \h 
‎[3] was endorsed for LTE turbo coding.  This contribution proposes a complete QPP designs for LTE turbo coding that is compatible with the Release-6 trellis termination method.  This design is based on Table 3 of ‎[3] with updates for the following six lengths: K = 4544, 4736, 4928, 4992, 5248, 5824 (highlighted in Table 1). 

2. QPP Interleaver Definition
Given an information block size K, a QPP interleaver of size K is defined by the following equation
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A set of QPP designs offering a good balance amongst performance, regularity, complexity and flexibility for the LTE system is listed in Table 1.  

· Performance

Performance verification of the designs is presented in Figure 1 and Figure 2 using simulation conditions detailed in Table 2.  The proposed interleavers achieve performance equivalent to or better than the Rel-6 interleavers.

· Regularity

The 188 interleavers are defined on a byte-aligned grid of lengths with regular granularities ranging from 8 for short blocks to 64 for long blocks:

· For 40 ≤ K ≤ 512, interleaver length set contains all multiples of 8.
· For 512 ≤ K ≤ 1024, interleaver length set contains all multiples of 16.
· For 1024 ≤ K ≤ 2048, interleaver length set contains all multiples of 32.
· For 2048 ≤ K, interleaver length set contains all multiples of 64.
· Complexity

Using code shortening techniques ‎[4]

 REF _Ref158452919 \r \h 
‎[5]

 REF _Ref158452920 \r \h 
‎[6], the proposed design can support any information block length between 40 and 6144 bits with padding overheads no more than 63 bits.  Furthermore, each QPP interleaver is specified by two small integers (10-bit resolution) and thus the total storage for the entire set requires no more than 470 bytes.

· Flexibility

The chosen byte-aligned length grid ensures flexible choices of parallelism orders for implementation throughout the entire range of block sizes.  Furthermore, the deinterleavers for the proposed QPP interleavers can be represented by permutation polynomials as well, which can be employed for efficient decoder implementations.

Table 1. QPP Interleavers for LTE channel coding.
	K
	f1
	f2
	K
	f1
	f2
	K
	f1
	f2
	K
	f1
	f2
	K
	f1
	f2

	40
	3
	10
	344
	193
	86
	784
	25
	98
	1760
	27
	110
	3904
	363
	244

	48
	7
	12
	352
	21
	44
	800
	17
	80
	1792
	29
	112
	3968
	375
	248

	56
	19
	42
	360
	133
	90
	816
	127
	102
	1824
	29
	114
	4032
	127
	168

	64
	7
	16
	368
	81
	46
	832
	25
	52
	1856
	57
	116
	4096
	31
	64

	72
	7
	18
	376
	45
	94
	848
	239
	106
	1888
	45
	354
	4160
	33
	130

	80
	11
	20
	384
	23
	48
	864
	17
	48
	1920
	31
	120
	4224
	43
	264

	88
	5
	22
	392
	243
	98
	880
	137
	110
	1952
	59
	610
	4288
	33
	134

	96
	11
	24
	400
	151
	40
	896
	215
	112
	1984
	185
	124
	4352
	477
	408

	104
	7
	26
	408
	155
	102
	912
	29
	114
	2016
	113
	420
	4416
	35
	138

	112
	41
	84
	416
	25
	52
	928
	15
	58
	2048
	31
	64
	4480
	233
	280

	120
	103
	90
	424
	51
	106
	944
	147
	118
	2112
	17
	66
	4544
	357
	142

	128
	15
	32
	432
	47
	72
	960
	29
	60
	2176
	171
	136
	4608
	337
	480

	136
	9
	34
	440
	91
	110
	976
	59
	122
	2240
	209
	420
	4672
	37
	146

	144
	17
	108
	448
	29
	168
	992
	65
	124
	2304
	253
	216
	4736
	71
	444

	152
	9
	38
	456
	29
	114
	1008
	55
	84
	2368
	367
	444
	4800
	71
	120

	160
	21
	120
	464
	247
	58
	1024
	31
	64
	2432
	265
	456
	4864
	37
	152

	168
	101
	84
	472
	29
	118
	1056
	17
	66
	2496
	181
	468
	4928
	39
	462

	176
	21
	44
	480
	89
	180
	1088
	171
	204
	2560
	39
	80
	4992
	127
	234

	184
	57
	46
	488
	91
	122
	1120
	67
	140
	2624
	27
	164
	5056
	39
	158

	192
	23
	48
	496
	157
	62
	1152
	35
	72
	2688
	127
	504
	5120
	39
	80

	200
	13
	50
	504
	55
	84
	1184
	19
	74
	2752
	143
	172
	5184
	31
	96

	208
	27
	52
	512
	31
	64
	1216
	39
	76
	2816
	43
	88
	5248
	113
	902

	216
	11
	36
	528
	17
	66
	1248
	19
	78
	2880
	29
	300
	5312
	41
	166

	224
	27
	56
	544
	35
	68
	1280
	199
	240
	2944
	45
	92
	5376
	251
	336

	232
	85
	58
	560
	227
	420
	1312
	21
	82
	3008
	157
	188
	5440
	43
	170

	240
	29
	60
	576
	65
	96
	1344
	211
	252
	3072
	47
	96
	5504
	21
	86

	248
	33
	62
	592
	19
	74
	1376
	21
	86
	3136
	13
	28
	5568
	43
	174

	256
	15
	32
	608
	37
	76
	1408
	43
	88
	3200
	111
	240
	5632
	45
	176

	264
	17
	198
	624
	41
	234
	1440
	149
	60
	3264
	443
	204
	5696
	45
	178

	272
	33
	68
	640
	39
	80
	1472
	45
	92
	3328
	51
	104
	5760
	161
	120

	280
	103
	210
	656
	185
	82
	1504
	49
	846
	3392
	51
	212
	5824
	89
	182

	288
	19
	36
	672
	43
	252
	1536
	71
	48
	3456
	451
	192
	5888
	323
	184

	296
	19
	74
	688
	21
	86
	1568
	13
	28
	3520
	257
	220
	5952
	47
	186

	304
	37
	76
	704
	155
	44
	1600
	17
	80
	3584
	57
	336
	6016
	23
	94

	312
	19
	78
	720
	79
	120
	1632
	25
	102
	3648
	313
	228
	6080
	47
	190

	320
	21
	120
	736
	139
	92
	1664
	183
	104
	3712
	271
	232
	6144
	263
	480

	328
	21
	82
	752
	23
	94
	1696
	55
	954
	3776
	179
	236
	 
	 
	 

	336
	115
	84
	768
	217
	48
	1728
	127
	96
	3840
	331
	120
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Figure 1. Performance of proposed QPP design vs. Rel-6 turbo interleaver (K < 1000 bits).
[image: image3.wmf]
Figure 2. Performance of proposed QPP design vs. Rel-6 turbo interleaver (K > 1000 bits).

Table 2.  Simulation condition.
	Baseline Code
	Rel. 6 Turbo Code 

	Code Rate
	Kinfo / (3 Kinfo +12) , Kinfo is the information block size

	Decoding algorithm
	8 iterations of Max-Log-MAP 

	Modulation
	QPSK

	Channel
	Static AWGN


3. Conclusion

We propose to adopt the QPP interleaver parameters listed in Table 1 as the basis for LTE turbo coding.
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