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1 Introduction
IBP interleaver is an implementation-oriented design with less number of parameters. The interleaver features 
· Contention-free interleaver

· 149 (218) parameters to generate 275 kinds of interleaver ranging from 40 to 12800

· Low complexity and flexible network

· Low power consumption

· Low shortening rate corresponding to all interleaver lengths
· Support radix-4 decoder

· Flexible decoder architecture

· Superior or similar performance to Rel’6 turbo coding

2 IBP interleaver

2.1 Interleaver description
Suppose data length K=LP, where L is the block length and P is the parallelism degree. The chosen of P is listed in Table 3 and we need 7 numbers to record the range. The interleaver description 
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The inter-block permutation sequence I[] is shown in Table 2. I[0]=0 and I[1]=1, and the rest number is generated by eqn. (3), where B(P) is shown in Table 2 and “<<” is one bit left shift. Eqn (3) can be implemented by a shift register and only the branch is necessary to be recorded. Because the cases P=1 and P=2 do not have register than 2 and the case P=4 is omitted, only P=8, 16, 32 and 64 have to be considered and only 4 numbers are necessary. The generated polynomial is shown in Table 2.
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is the double prime permutation, where 0≤j<L. The permutation individually permutes even and odd part. Table 1 shows the corresponding parameters of various interleaver and the total number is 138 (207). Note that the number in the parenthesis includes the corresponding interleaver length.
The proposed number of parameters supports 275 kinds of interleaver. Table 3 shows the supported number of interleavers corresponding to each data length rage. If we only consider the interleaver length ranging from 40 to 5114, the supported number is 215.
Table 1: Double prime interleaver parameters.
	L
	p
	s
	L
	p
	s
	L
	p
	s

	40
	7
	3
	44*
	5*
	13*
	46
	17
	8

	48
	17
	12
	50*
	11*
	5*
	52
	3
	12

	54
	5
	13
	58
	16
	11
	60
	23
	11

	62
	26
	9
	64
	5
	18
	66
	25
	12

	68
	19
	9
	72
	25
	18
	74
	4
	15

	76
	29
	14
	78
	23
	11
	80
	29
	14

	82
	36
	14
	86
	10
	17
	88*
	7*
	25*

	90
	31
	19
	92
	29
	37
	94*
	6*
	14*

	96
	43
	21
	100
	13
	24
	102
	35
	25

	104
	47
	23
	106
	34
	23
	108
	37
	27

	110
	17
	24
	114
	11
	22
	116
	51
	25

	118
	38
	26
	120
	37
	30
	122
	36
	29

	124
	43
	29
	128
	47
	7
	130
	8
	36

	132
	19
	38
	134
	38
	52
	136
	21
	35

	138
	62
	34
	142
	29
	36
	144
	7
	39

	146
	47
	34
	148
	51
	35
	150
	13
	31

	152
	27
	36
	156
	49
	36
	158
	51
	37

	160
	47
	39
	162
	35
	17
	164
	63
	14

	166
	34
	40
	170
	38
	61
	172
	7
	39

	174
	53
	42
	176
	31
	42
	178
	21
	34

	180
	37
	45
	184
	51
	25
	186
	38
	45

	188
	25
	39
	190
	56
	43
	192
	43
	69

	194
	8
	45
	198
	31
	48
	200
	21
	50


*Modified number to the previous version.

Table 2: Inter-block permutation sequence and the generator polynomial.

	P
	I
	Polynomial

	1
	{0}
	No

	2
	{0,1}
	No

	8
	{0,1,2,4,3,6,7,5}
	B(8)=11:
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	16
	{0,1,2,4,8,3,6,12,11,5,10,7,14,15,13,9}
	B(16)=19:
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	32
	{0,1,2,4,8,16,5,10,20,13,26,17,7,14,28,29,31,27,19,3,6,12,24,21,15,30,25,23,11,22,9,18}
	B(32)=37:
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	64
	{0,1,2,4,8,16,32,3,6,12,24,48,35,5,10,20,40,19,38,15,30,60,59,53,41,17,34,7,14,28,56,51,37,9,18,36,11,22,44,27,54,47,29,58,55,45,25,50,39,13,26,52,43,21,42,23,46,31,62,63,61,57,49,33}
	B(64)=67:
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Table 3: Parallelism degree table and supported number of interleavers.
	P
	K
	Number

	1
	40≤K≤200
	69

	2
	201≤K≤320
	26

	8
	321≤K≤960
	34

	16
	961≤K≤3200
	60

	32
	3201≤K≤6400
	43

	64
	6401≤K≤12800
	43


2.2 Low power butterfly network oriented inter-block permutation
The proposed inter-block permutation features lower complexity network and higher power efficiency. Contribution [1] has mentioned the proposed inter-block permutation interleaver matching butterfly network and the ASIC density exceeds 90%. Table 4 further shows the power comparison between this exemplary design and the recent designs. The proposed architecture requires the least power consumption per bit and iteration. Low complexity and high power efficiency contributes from a good interleaver design.
Table 4: Power consumption comparison.

	Design
	IBPTC** [1]
	ICASSP 2005* [2]
	ISSCC 2004 [3]

	Technology
	0.13um
	0.13um
	0.13um

	Data length
	4096 bits
	5120 bits
	2048 bits

	Operating Frequency (Inside)
	265 MHz
	256 MHz
	352MHz

	Data rate (MS/s)
	1.06 Gbps@8 iterations
	758 Mbps@6 iterations
	352Mbps@5iterations

	Power (mW)
	742 mW @1.2V
	573 mW @1.2V
	2.646W@1.2V

	Power (pJ/bit/iteration)
	87.5pJ/bit/iteration
	126pJ/bit/iteration
	1512pJ/bit/iteration


**The number is assembled by the simulator tool. The exact power consumption may be higher.

2.3 Granularity and shortening rate
Shortening and puncturing [8] supports contention-free property and all lengths ranging from 40 to 5114. The contention-free property requires that the block length is the multiple of parallelism degree. In other words some lengths are supported. Although our proposal supports 275 (215) kinds of interleaver, there are still more than 4000 kinds of length necessitating support. Inserting dummy bits resolve this issue. If we further consider the rate issue, shortening the extra bits balances the rate. Applying shortening and puncturing resolves the length support issue.

Shortening and puncturing influences less on the power expense and performance degradation. Table 5 shows the supported interleaver length, the maximum shortened bits and the maximum shortening rate. The supported interleaver lengths are dense for the short length region ranging from 40 to 200 bits and the maximum shortened bits are 2 or 4 bits. As the region goes higher, the supported length become larger and the maximum shortened bits increase proportionally. The shortening rate is more uniform for all ranges. Furthermore the supported interleaver lengths are more than 200 and the shortened bits are minimized. Therefore the proposal has low shortening rate. The extra power expense is low and the expected performance degradation is insignificant.
Table 5: Supported interleaver length, length difference between adjacent interleavers and maximum shortened bits percentage.
	L
	D
	S%
	L
	D
	S%
	L
	D
	S%
	L
	D
	S%
	L
	D
	S%

	40
	X
	X
	44
	4
	9.0
	46
	2
	4.3
	48
	2
	4.2
	50
	2
	4.0

	52
	2
	3.8
	54
	2
	3.7
	58
	4
	6.9
	60
	2
	3.3
	62
	2
	3.2

	64
	2
	3.1
	66
	2
	3
	68
	2
	3
	72
	4
	5.6
	74
	2
	2.7

	76
	2
	2.6
	78
	2
	2.6
	80
	2
	2.5
	82
	2
	2.4
	86
	4
	4.7

	88
	2
	2.3
	90
	2
	2.2
	92
	2
	2.2
	94
	2
	2.1
	96
	2
	2.1

	100
	4
	4
	102
	2
	2.0
	104
	2
	1.9
	106
	2
	1.9
	108
	2
	1.9

	110
	2
	1.8
	114
	4
	3.5
	116
	2
	1.7
	118
	2
	1.7
	120
	2
	1.7

	122
	2
	1.6
	124
	2
	1.6
	128
	4
	3.1
	130
	2
	1.5
	132
	2
	1.5

	134
	2
	1.5
	136
	2
	1.5
	138
	2
	1.5
	142
	4
	2.8
	144
	2
	1.4

	146
	2
	1.4
	148
	2
	1.4
	150
	2
	1.3
	152
	2
	1.3
	156
	4
	2.6

	158
	2
	1.3
	160
	2
	1.3
	162
	2
	1.2
	164
	2
	1.2
	166
	2
	1.2

	170
	4
	2.4
	172
	2
	1.2
	174
	2
	1.1
	176
	2
	1.1
	178
	2
	2.6

	180
	2
	1.1
	184
	4
	2.2
	186
	2
	1.1
	188
	2
	1.1
	190
	2
	2.2

	192
	2
	1.0
	194
	2
	1.0
	198
	4
	2.0
	200
	2
	1.0
	204
	4
	2.0

	208
	4
	1.9
	212
	4
	1.9
	216
	4
	1.9
	220
	4
	1.8
	228
	8
	3.5

	232
	4
	1.7
	236
	4
	1.7
	240
	4
	1.7
	244
	4
	1.6
	248
	4
	1.6

	256
	8
	3.1
	260
	4
	1.5
	264
	4
	1.5
	268
	4
	1.5
	272
	4
	1.5

	276
	4
	1.4
	284
	8
	2.8
	288
	4
	1.4
	292
	4
	1.4
	296
	4
	1.4

	300
	4
	1.3
	304
	4
	1.3
	312
	8
	2.6
	316
	4
	1.3
	320
	4
	1.3

	352
	32
	9.0
	368
	16
	4.3
	384
	16
	4.2
	400
	16
	4.0
	416
	16
	3.8

	432
	16
	3.7
	464
	32
	6.9
	480
	16
	3.3
	496
	16
	3.2
	512
	16
	3.1

	528
	16
	3
	544
	16
	3
	576
	32
	5.6
	592
	16
	2.7
	608
	16
	2.6

	624
	16
	2.6
	640
	16
	2.5
	656
	16
	2.4
	688
	32
	4.7
	704
	16
	2.3

	720
	16
	2.2
	736
	16
	2.2
	752
	16
	2.1
	768
	16
	2.1
	800
	32
	4

	816
	16
	2.0
	832
	16
	1.9
	848
	16
	1.9
	864
	16
	1.9
	880
	16
	1.8

	912
	32
	3.5
	928
	16
	1.7
	944
	16
	1.7
	960
	16
	1.7
	992
	32
	3.2

	1024
	32
	3.1
	1056
	32
	3
	1088
	32
	3
	1152
	64
	5.6
	1184
	32
	2.7

	1216
	32
	2.6
	1248
	32
	2.6
	1280
	32
	2.5
	1312
	32
	2.4
	1376
	64
	4.7

	1408
	32
	2.3
	1440
	32
	2.2
	1472
	32
	2.2
	1504
	32
	2.1
	1536
	32
	2.1

	1600
	64
	4
	1632
	32
	2.0
	1664
	32
	1.9
	1696
	32
	1.9
	1728
	32
	1.9

	1760
	32
	1.8
	1824
	64
	3.5
	1856
	32
	1.7
	1888
	32
	1.7
	1920
	32
	1.7

	1952
	32
	1.6
	1984
	32
	1.6
	2048
	64
	3.1
	2080
	32
	1.5
	2112
	32
	1.5

	2144
	32
	1.5
	2176
	32
	1.5
	2208
	32
	1.5
	2272
	64
	2.8
	2304
	32
	1.4

	2336
	32
	1.4
	2368
	32
	1.4
	2400
	32
	1.3
	2432
	32
	1.3
	2496
	64
	2.6

	2528
	32
	1.3
	2560
	32
	1.3
	2592
	32
	1.2
	2624
	32
	1.2
	2656
	32
	1.2

	2720
	64
	2.4
	2752
	32
	1.2
	2784
	32
	1.1
	2816
	32
	1.1
	2848
	32
	2.6

	2880
	32
	1.1
	2944
	64
	2.2
	2976
	32
	1.1
	3008
	32
	1.1
	3040
	32
	2.2

	3072
	32
	1.0
	3104
	32
	1.0
	3168
	64
	2.0
	3200
	32
	1.0
	3264
	64
	2.0

	3328
	64
	1.9
	3392
	64
	1.9
	3456
	64
	1.9
	3520
	64
	1.8
	3648
	128
	3.5

	3712
	64
	1.7
	3776
	64
	1.7
	3840
	64
	1.7
	3904
	64
	1.6
	3968
	64
	1.6

	4096
	128
	3.1
	4160
	64
	1.5
	4224
	64
	1.5
	4288
	64
	1.5
	4352
	64
	1.5

	4416
	64
	1.5
	4544
	128
	2.8
	4608
	64
	1.4
	4672
	64
	1.4
	4736
	64
	1.4

	4800
	64
	1.3
	4864
	64
	1.3
	4992
	128
	2.6
	5056
	64
	1.3
	5120
	64
	1.3

	5184
	64
	1.2
	5248
	64
	1.2
	5312
	64
	1.2
	5440
	128
	2.4
	5504
	64
	1.2

	5568
	64
	1.1
	5632
	64
	1.1
	5696
	64
	2.6
	5760
	64
	1.1
	5888
	128
	2.2

	5952
	64
	1.1
	6016
	64
	1.1
	6080
	64
	2.2
	6144
	64
	1.0
	6208
	64
	1.0

	6336
	128
	2.0
	6400
	64
	1.0
	6528
	128
	2.0
	6656
	128
	1.9
	6784
	128
	1.9

	6912
	128
	1.9
	7040
	128
	1.8
	7296
	256
	3.5
	7424
	128
	1.7
	7552
	128
	1.7

	7680
	128
	1.7
	7808
	128
	1.6
	7936
	128
	1.6
	8192
	256
	3.1
	8320
	128
	1.5

	8448
	128
	1.5
	8576
	128
	1.5
	8704
	128
	1.5
	8832
	128
	1.5
	9008
	256
	2.8

	9216
	128
	1.4
	9344
	128
	1.4
	9472
	128
	1.4
	9600
	128
	1.3
	9728
	128
	1.3

	9984
	256
	2.6
	10112
	128
	1.3
	10240
	128
	1.3
	10368
	128
	1.2
	10496
	128
	1.2

	10624
	128
	1.2
	10880
	256
	2.4
	11008
	128
	1.2
	11136
	128
	1.1
	11264
	128
	1.1

	11392
	128
	2.6
	11520
	128
	1.1
	11776
	256
	2.2
	11904
	128
	1.1
	12032
	128
	1.1

	12160
	128
	2.2
	12288
	128
	1.0
	12416
	128
	1.0
	12672
	256
	2.0
	12800
	128
	1.0


2.4 Double prime permutation
2.4.1 ARP-like and maximum contention-free property
Double prime permutation interleaver is composed of the two ARP [4] and the parameters listed in Table 1 support maximum contention-free property [6] for the each ARP. Contribution R1-062156 [4] describes the contention-free property for the ARP. If the number p is a relative prime to the memory bank number N, the permutation supports parallelism degree N. Because N can divide L/2 and the p is relative prime to L/2, the ARP supports the maximum contention-free property [6].
2.4.2 Same interleaving and de-interleaving procedure
The interleaving and de-interleaving apply the same operations. The p and L/2 are relative prime leads that there exists only one p’ such that 
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. The interleaver and de-interleaver have the same form.
2.4.3 Radix-4 decoder architecture

Double prime permutation supports the radix-4 APP decoder architecture [4] and benefits hardware cost. Double prime permutation is composed of the two ARP on even and odd ordinals. APP decoder can fetch and write information on the consecutive even and odd ordinal without contention. Two bits can be fetched at each clock and therefore the radix-4 APP decoder architecture is applicable. Achieving the same throughput requires half APP decoders. The hardware cost can be further reduced.
2.4.4 Disadvantages
Double prime interleaver performs moderate. Double prime interleaver has only two parameters and fewer parameters lead to a stronger interleaver constraint. The interleaver is described by two parameters and the interleaver design degree of freedom is low. Although it is simple, the performance is limited. 
The supported parallelism degree is the power of 2. The proposed inter-block permutation supports the parallelism of the power of 2. The double prime interleaver only supports the parallelism degree 2 for all kinds of double prime interleaver. The parallelism degree is the power of 2.
2.5 Remark on block permutation and triple prime interleaver
The block permutation is not necessary to be the ARP or double prime permutation. The concern would be on the error rate performance or implementation features. The radix-4 APP decoder supports lower complexity decoder architecture. Quadratic permutation polynomial [7] may provide better error rate performance. APP decoder features and error rate performance would be the main concerns.
Triple prime interleaver may be better for performance, parallelism degree, decoding throughput, number of parameters but lose in shortening rate. The formula is shown as eqn (4). Triple prime interleaver has one more degree of freedom to double prime interleaver. It supports parallelism degree 2kx3 and provides more flexibility in decoder design, e.g. 12, 24. It further supports radix-8 and APP decoder can process three bits per clock. The required number of parameters is less. However the interleaver length difference between the adjacent interleavers become larger and it results in the higher shortening rate.
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3 Uplink multi streams decoding architecture
Individual decoding benefits uplink decoder throughput. In uplink, multiple users interact with base station. Burst and multiple short length streams occur often. In order to achieve high throughput, each stream is segmented and turbo decoder applies window-based algorithm to process these segments. However window-based algorithm introduces a training time interval and outputting time interval. The shorter the stream length the lower the decoder throughput. For the short stream decoding individually benefits decoder throughput.
IBP interleaver supports multiple streams decoding. The inter-block permutation fits a butterfly network and the network inter-connects multiple APP decoders for parallel decoding. On the contrary splitting the butterfly network and multiple APP decoders can decode individually. Fig. 2 shows a four APP decoders example. In Fig. 2 (a) four block permutation are inter-connected and the butterfly network is fully-connected. In Fig. 2 (b), the network is split into two networks and two streams can be individually decoded in these two networks. In Fig. 2 (c) the network is further split into four and the decoder can decoder four streams. The interleaver simply supports individually decoding. The interleaver provides a high flexible decoder architecture in supporting multiple streams decoding.
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Fig. 1: Flexible decoder architecture.

We analyze latency and throughput for multiple streams decoding. R1-062155 [5] provides the latency and throughput formulae and we simplify them. We list the relative parameters and formulae as follows.
I: number of iterations
K: length of processed data bits at APP decoding round

W: truncation window

P: number of APP decoders

fc[MHz]:: operating frequency
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We consider the case shown in Table 6. If 8 streams are individually decoded in these 8 APP decoders and parallelism degree is 1, the latency of these 8 streams is 
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 and the decoding throughput is 
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. If 8 streams are decoded serially and each stream is segmented into 8 parts to decode and parallelism degree is 8, the latency of each stream is 
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, the latency of 8 streams is 
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and the throughput is 
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. In order to support the same latency of decoding all streams and the throughput, the later case requires implementing at least two decoders instead of one decoder. If the length K is shorter and the parallelism degree P is larger, the corresponding latency is larger and the throughput is lower.
Table 6: Exemplary analysis parameters for multiple streams
	Number of streams
	8

	K
	256

	P
	8

	W
	32

	fc[MHz]:
	100MHz

	I
	8


Table 7 further provides other examples. As the data length goes lower, the individual decoding has higher throughput than the parallel decoding. If the supported APP decoders are more, the influence becomes more significant. If parallel decoding can not support fully APP decoders’ usage, the throughput further goes lower.
Table 7: Throughput and latency estimation of various interleaver lengths and multiple streams.
	fc[MHz]:
100MHz
	8 Streams and 8 APP decoders
	16 Streams and 16 APP decoders

	
	Parallel P=8
	Serial P=1
	Parallel P=16
	Serial P=1

	
	Through-put[Mbps]
	Latency [μs]
	Through-put[Mbps]
	Latency [μs]
	Through-put[Mbps]
	Latency [μs]
	Through-put[Mbps]
	Latency [μs]

	K=512
	44.44
	92.16
	25
	163.84
	88.89***
	92.16***
	33.33
	245.76

	K=256
	40
	51.2
	16.67
	122.88
	80
	51.2
	20
	204.8

	K=128
	33.33
	30.72
	10
	102.4
	66.67
	30.72
	11.11
	184.32


***The case does not occur due to K*16=8192 which is larger than the maximum interleaver length 5114.
4 Performance

This section provides performance results for the proposal. The continuous and separate tail-biting encodings are compared at first. This result shows that the continuous encoding is a better candidate. We compare the error rate performance on the continuous encoding in the following.
4.1 Continuous and separate tail-biting encoding
The continuous encoding is a better candidate. The contribution R1-062153 [1] proposed the separate encoding on each block. The separate encoding leads a good distance property at low rate. The performance is shown in Fig. 2. That contribution also shows that the performance is also similar at code rate=4/5. However, the performance degrade significantly at code rate=8/9 as shown in Fig. 3. The burst transmission often applies high code rate to acquire better bandwidth efficiency and therefore the separate encoding leads more retransmission. We recommend continuous encoding and apply this encoding scheme for following simulations.
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Fig. 2: Frame error rate comparison for continuous and separate encoding at code rate=1/3.
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Fig. 3: Frame error rate comparison for continuous and separate encoding at code rate=8/9.
4.2 Performance comparison of various data length, code rate and channel condition
IBP turbo code provides better or similar performance to the Rel’6 turbo coding with tail-biting encoding especially for long data length. Fig. 4-13 provides frame error rate performance comparison for interleaver length 256, 512, 1024, 2048 and 4096. Log MAP decoding algorithm and 8 iterations are applied. Code rate=1/3, 1/2, 3/4, 4/5, 8/9 are compared. AWGN and flat Rayleigh fading channel are considered. These curves show that our proposal has a better distance property. The better distance property leads lower or steeper error floor. It also provides better performance at high rate. Rayleigh fading channel resistance is also high. Although the proposal provides many implementation features, the proposal does not sacrifice error rate performance.
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Fig. 4: Frame error rate comparison over AWGN channel at code rate=1/3.
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Fig. 5: Frame error rate comparison over Rayleigh fading channel at code rate=1/3.
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Fig. 6: Frame error rate comparison over AWGN channel at code rate=1/2.
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Fig. 7: Frame error rate comparison over Rayleigh fading channel at code rate=1/2.
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Fig. 8: Frame error rate comparison over AWGN channel at code rate=3/4.
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Fig. 9: Frame error rate comparison over Rayleigh fading channel at code rate=3/4.
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Fig. 10: Frame error rate comparison over AWGN channel at code rate=4/5.
[image: image35.jpg]Frame Error Rate

0.14

0.01 4

1E-3 4

1E-4

IBPTC

—8— K=256 L=128 P=2
—e— K=512 L=64 P=8
—A—K=1024 L=128 P=8
—w— K=2048 L=128 P=16
—4— K=4096 L=128 P=32
Rel'6 TC+Tail Biting

—0— K=256

—0—K=512

—— K=1024

—v— K=2048

—O— K=4096

1E-5





Fig. 11: Frame error rate comparison over Rayleigh fading channel at code rate=4/5.
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Fig. 12: Frame error rate comparison over AWGN channel at code rate=8/9.
[image: image37.jpg]Frame Error Rate

0.14

0.01 4

1E-3 4

1E-4

IBPTC

—=— K=256 L=128 P=2
—e—K=512 =64 P=8
—A—K=1024 L=128 P=8
—v— K=2048 L=128 P=16
—&— K=4096 L=128 P=32
Rel'6 TC+Tail Biting

—0— K=256

—0—K=512
—4£—K=1024

—— K=2048
—O—K=4096

1E-5




Fig. 13: Frame error rate comparison over Rayleigh fading channel at code rate=8/9.
Figs. 14-18 further provide frame error rate performance comparison including shortening and puncturing. These examples only evaluate the performance over AWGN channel and code rate=1/3. The number with * indicates no shortening and puncturing. In most cases the IBPTC outperforms the Rel’6 turbo coding with tail-biting encoding. Applying shortening and puncturing to provide granularity does not influence significantly in all cases. IBPTC only performs slightly worse when K=100, 400, 800, 1401 and 1600. Double prime interleaver introduces more constraints for radix-4 APP decoder, less shortened bits and less number of parameters. If the performance better than the Rel’6 turbo coding is a necessary condition, introducing one or two more parameters on block permutation can provide degree of freedom to enhance performance, e.g. triple prime interleaver.
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Fig. 14: Frame error rate comparison over AWGN channel at code rate=1/3.
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Fig. 15: Frame error rate comparison over AWGN channel at code rate=1/3.
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Fig. 16: Frame error rate comparison over AWGN channel at code rate=1/3.
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Fig. 17: Frame error rate comparison over AWGN channel at code rate=1/3.
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Fig. 18: Frame error rate comparison over AWGN channel at code rate=1/3.
5 Conclusions

This contribution provides a complete IBP interleaver description. The interleaver only applies 149 (218) parameters to generate 275 kinds of interleaver ranging from 40 to 12800. The design also features low complexity network and high power efficiency. The design supports radix-4 APP decoder architecture which reduces required number of APP decoders. The shortening rate is low and power expense is less. The proposal also provides better or similar performance to the Rel’6 turbo coding.
The proposal also supports multiple streams decoding which benefits the uplink short streams decoding throughput, e.g. VoIP. This feature enhances turbo decoder capability.
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