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Rate Matching for RED HOT – Simulation Results 
1 Introduction
This paper reports performance results of the Rate matching algorithm described in the accompanying document “Rate Matching for RED HOT” [1].
2 Simulation Results
2.1 Simulation Configuration

The assumptions used for the simulations are shown in Table 1.

Table 1: Simulation Assumptions
	Parameter
	Value

	Channel profile
	Co-Channel Interference:
TU3iFH, TU3nH, TU50iFH, TU50nH.
Sensitivity: HT100nH

	Frequency band
	900 MHz

	Equalizer
	DFSE

	Tx pulse shape
	RED HOT A: Linearized GMSK pulse

RED HOT B: RRC – 120kHz

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]
No

	Simulation length
	6500*(number of RV), radio blocks per simulation point 


In the sensitivity test, the backoff used per modulation is shown in Table 2.
Table 2: Backoff values

	Modulation
	Backoff, [dB]

	QPSK 
	2.1

	8PSK 
	3.3

	16QAM 
	5.3

	32QAM 
	5.7


2.2 Swap Rate Selection

It has been seen in previous contributions that although use of Partially Systematic Turbo codes does little to improve performance for the first RV, it can help in allocating systematic bits, enabling decoding of following RVs in the presence of header decoding failures.

Generally speaking, increasing the swap rate degrades the performance of the RV1 and improves the performance of the RV2 and/or RV2+RV3 performance. A typical example can be seen in Figure 1; % swap in the legend indicates the % of systematic bits moved from the RV1 to the RV2. The swap rate that was selected in our simulation is summarized in Table 1 in [1]. The values were chosen in such a way that the performance degradation in the RV1 is the minimal possible degradation that enables reasonable self decoding performance, without degrading throughput performance.
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Figure 1: Performance of different swap rates, DBS-8, TH3iFH.
2.3 Simulation Results

This section shows simulation results for the proposed rate matching algorithm as compared to the existing 25.212 RM algorithm.

For simplicity, it is assumed here that either PAN is included in all, or none of the RVs, although in practice there will be a mixture. 

The required difference (dB) in C/I or SNR for 10% data BLER between the reference 25.212 and the proposed Rate Matching scheme are summarized in Table 3 to Table 7, for all of the MCSs in the sets (RED HOT A or RED HOT B), with and without PAN.

The “Self Decoding” column in those tables refers to the performance degradation of the RV2 only (i.e. no IR combining) as compared to the RV1 if Rmax=2, and to the RV2+RV3 together, as compared to the RV1 if Rmax=3. (A negative value for “Self Decoding degradation” indicates improved performance as compared to the RV1.)
Table 3: TU3iFH, Co-Channel
	MCS
	No PAN
	With PAN

	
	RV1 Imprv
	RV1+2 Imprv
	RV1+2+3 Imprv
	Self Decoding

Degradation
	RV1 Imprv
	RV1+2 Imprv
	RV1+2+3 Imprv
	Self Decoding

Degradation

	DAS-5
	-0.08
	0.2
	N/A
	0.04
	0.19
	0.09
	N/A
	0.42

	DAS-6
	0
	0.05
	N/A
	0.15
	-0.14
	0.13
	N/A
	0.01

	DAS-7
	0
	0.17
	N/A
	0.4
	-0.25
	0.18
	N/A
	0.45

	DAS-8
	0
	0.39
	N/A
	0.95
	-0.16
	0.17
	N/A
	0.95

	DAS-9
	0
	0.49
	0.28
	-8.36
	-0.04
	0.77
	-0.08
	-8.7

	DAS-10
	0.81
	0.62
	N/A
	3.07
	-0.17
	1.02
	N/A
	5.57

	DAS-11
	0
	0.42
	-0.11
	-11.06
	-0.04
	0.63
	-0.2
	-10.45

	DAS-12
	0
	0.08
	-0.58
	-12.4
	-0.11
	-0.2
	1.26
	-13.24

	DBS-5
	0.3
	0.04
	N/A
	-0.03
	-0.01
	0
	N/A
	-0.01

	DBS-6
	0.07
	0.83
	N/A
	3.14
	-0.01
	0.61
	N/A
	7.59

	DBS-7
	0
	0
	N/A
	-0.01
	0.08
	-0.26
	N/A
	-0.12

	DBS-8
	-0.04
	0.61
	N/A
	2
	0.39
	0.27
	N/A
	2.72

	DBS-9
	0
	0.4
	0.14
	-8.73
	-0.09
	0.71
	-0.03
	-9.1

	DBS-10
	0
	0.81
	0.06
	-9.96
	-0.07
	0.72
	0.08
	-10.55

	DBS-11
	0
	0.12
	-0.21
	-9.79
	0.08
	0.27
	-0.15
	-10.16

	DBS-12
	0
	-0.1
	-0.55
	-11.61
	N/A
	-0.09
	-0.65
	N/A


Table 4: TU3nH, Co-Channel
	MCS
	No PAN
	With PAN

	
	RV1 Imprv
	RV1+2 Imprv
	RV1+2+3 Imprv
	Self Decoding

Degradation
	RV1 Imprv
	RV1+2 Imprv
	RV1+2+3 Imprv
	Self Decoding

Degradation

	DAS-5
	0.07
	0.25
	N/A
	-0.12
	0.04
	0.01
	N/A
	0.05

	DAS-6
	0
	0.04
	N/A
	0.28
	0.18
	0.11
	N/A
	0.09

	DAS-7
	0
	0.21
	N/A
	-0.25
	-0.17
	0.17
	N/A
	0.39

	DAS-8
	0
	0.38
	N/A
	0.84
	-0.31
	-0.09
	N/A
	0.21

	DAS-9
	0
	0.63
	0.36
	-7.52
	-0.05
	0.46
	-0.01
	-8.34

	DAS-10
	0.81
	0.4
	N/A
	2.02
	-0.22
	0.91
	N/A
	3.06

	DAS-11
	0
	0.74
	0.06
	-9.49
	-0.16
	0.61
	0.02
	-9.36

	DAS-12
	0
	0.1
	-0.51
	-10.61
	0.1
	-0.11
	1.51
	-11.42

	DBS-5
	0.17
	0.14
	N/A
	0.42
	-0.24
	0.04
	N/A
	0.11

	DBS-6
	-0.02
	0.6
	N/A
	2.01
	0.2
	0.59
	N/A
	5.77

	DBS-7
	0
	0.01
	N/A
	0.06
	-0.05
	-0.37
	N/A
	0.35

	DBS-8
	0.16
	0.54
	N/A
	1.5
	0.52
	0.28
	N/A
	1.97

	DBS-9
	0
	0.5
	0.27
	-7.17
	0.3
	0.61
	0.11
	-7.97

	DBS-10
	0
	0.54
	0.01
	-9.57
	0.01
	0.68
	0.2
	-9.57

	DBS-11
	0
	0.27
	-0.17
	-9.92
	0.11
	0.33
	-0.16
	-9.9

	DBS-12
	0
	-0.07
	-0.61
	-11.1
	N/A
	0.11
	-0.5
	N/A


Table 5: TU50iFH, Co-Channel
	MCS
	No PAN
	With PAN

	
	RV1 Imprv
	RV1+2 Imprv
	RV1+2+3 Imprv
	Self Decoding

Degradation
	RV1 Imprv
	RV1+2 Imprv
	RV1+2+3 Imprv
	Self Decoding

Degradation

	DAS-5
	0.04
	0.21
	N/A
	0.07
	0.02
	0.15
	N/A
	0.27

	DAS-6
	0
	0.06
	N/A
	0.13
	-0.28
	-0.07
	N/A
	-0.06

	DAS-7
	0
	0.25
	N/A
	0.38
	0. 07
	0.23
	N/A
	0.75

	DAS-8
	0
	0.5
	N/A
	1.06
	0.14
	0.2
	N/A
	1.28

	DAS-9
	0
	0.46
	0.35
	-8.6
	-0.09
	0.74
	-0.07
	-8.97

	DAS-10
	0.62
	0.53
	N/A
	3.65
	-0.07
	0.8
	N/A
	7.49

	DAS-11
	0
	0.45
	-0.22
	-12.61
	0
	0.78
	-0.33
	-14.64

	DAS-12
	N/A
	0.11
	-0.44
	N/A
	N/A
	-0.09
	1.41
	N/A

	DBS-5
	0.34
	0.06
	N/A
	0.01
	0.14
	0
	N/A
	0.13

	DBS-6
	0.04
	0.57
	N/A
	3.3
	-0.32
	0.64
	N/A
	8.2

	DBS-7
	0
	-0.01
	N/A
	0.08
	0.13
	-0.23
	N/A
	-0.04

	DBS-8
	-0.04
	0.65
	N/A
	2.02
	0.33
	0.29
	N/A
	3.1

	DBS-9
	0
	0.48
	0.18
	-8.93
	-0.2
	0.65
	-0.02
	-9.54

	DBS-10
	0
	0.82
	0.05
	-10.8
	-0.16
	0.64
	0.03
	-11.91

	DBS-11
	0
	0.27
	-0.18
	-21.97
	N/A
	0.12
	-0.26
	N/A

	DBS-12
	N/A
	0.09
	-0.6
	N/A
	N/A
	0
	-0.54
	N/A


Table 6: TU50nH, Co-Channel
	MCS
	No PAN
	With PAN

	
	RV1 Imprv
	RV1+2 Imprv
	RV1+2+3 Imprv
	Self Decoding

Degradation
	RV1 Imprv
	RV1+2 Imprv
	RV1+2+3 Imprv
	Self Decoding

Degradation

	DAS-5
	-0.22
	0.14
	N/A
	-0.21
	-0.12
	0.1
	N/A
	-0.19

	DAS-6
	0
	0.06
	N/A
	-0.04
	-0.13
	0
	N/A
	-0.24

	DAS-7
	0
	0.23
	N/A
	0.33
	-0.17
	0.15
	N/A
	0.42

	DAS-8
	0
	0.31
	N/A
	0.98
	0.13
	0.13
	N/A
	0.87

	DAS-9
	0
	0.77
	0.25
	-8.49
	-0.01
	0.7
	0.03
	-8.62

	DAS-10
	0.77
	0.42
	N/A
	3.6
	0.21
	1.11
	N/A
	9.1

	DAS-11
	0
	0.74
	-0.16
	-13.16
	-1.04
	0.62
	-0.21
	-19.42

	DAS-12
	N/A
	0.12
	-0.48
	N/A
	N/A
	-0.05
	1.34
	N/A

	DBS-5
	0.27
	0.02
	N/A
	0.15
	-0.09
	0.08
	N/A
	0.13

	DBS-6
	0.05
	0.53
	N/A
	3.26
	-0.13
	0.48
	N/A
	8.58

	DBS-7
	0
	0.01
	N/A
	0
	0.08
	-0.32
	N/A
	0

	DBS-8
	-0.1
	0.53
	N/A
	2.05
	0.18
	0.24
	N/A
	3.05

	DBS-9
	0
	0.76
	0.08
	-8.51
	0.18
	0.57
	-0.09
	-9.23

	DBS-10
	0
	0.64
	0.01
	-10.8
	-0.38
	0.58
	0.03
	-11.84

	DBS-11
	N/A
	0.31
	-0.15
	N/A
	N/A
	0.17
	-0.35
	N/A

	DBS-12
	N/A
	0.1
	-0.47
	N/A
	N/A
	-0.16
	-0.57
	N/A


Table 7: HT100nH, SNR

	MCS
	No PAN
	With PAN

	
	RV1 Imprv
	RV1+2 Imprv
	RV1+2+3 Imprv
	Self Decoding

Degradation
	RV1 Imprv
	RV1+2 Imprv
	RV1+2+3 Imprv
	Self Decoding

Degradation

	DAS-5
	-0.01
	0.19
	N/A
	-0.12
	-0.02
	0.12
	N/A
	0

	DAS-6
	0
	0
	N/A
	0
	-0.09
	-0.05
	N/A
	-0.02

	DAS-7
	0
	0.17
	N/A
	0.41
	-0.17
	0.32
	N/A
	0.46

	DAS-8
	0
	0.29
	N/A
	0.85
	-0.16
	-0.02
	N/A
	1.38

	DAS-9
	0
	0.88
	0.2
	-9.11
	-0.49
	0.44
	-0.16
	-10.56

	DAS-10
	1.55
	0.23
	N/A
	N/A
	0.14
	1.04
	N/A
	N/A

	DAS-11
	N/A
	0.89
	-0.21
	N/A
	N/A
	0.64
	-0.28
	N/A

	DAS-12
	N/A
	0.06
	-0.76
	N/A
	N/A
	0
	1.73
	N/A

	DBS-5
	0.28
	0.07
	N/A
	-0.19
	-0.11
	-0.01
	N/A
	0.13

	DBS-6
	0.18
	0.42
	N/A
	4.86
	-0.37
	0.46
	N/A
	N/A

	DBS-7
	0
	0.01
	N/A
	0.11
	0.22
	-0.4
	N/A
	0.21

	DBS-8
	-0.27
	0.54
	N/A
	4
	0.42
	0.26
	N/A
	8.41

	DBS-9
	0
	0.67
	0.12
	-10.95
	-0.3
	0.88
	-0.08
	-14.33

	DBS-10
	N/A
	1.11
	0.04
	N/A
	N/A
	0.89
	-0.03
	N/A

	DBS-11
	N/A
	0.25
	-0.47
	N/A
	N/A
	0.53
	-0.31
	N/A

	DBS-12
	N/A
	0
	-0.78
	N/A
	N/A
	-0.35
	-0.88
	N/A


2.4 Comparison to NSN proposal
The performance of the suggested algorithm was also compared to the NSN proposal in ‎[4]. It should be noted that [4] is not the most updated proposal, but the results seen here are largely representative of the performance achieved under the assumption of full self decodability.
Note that not all comparisons were possible, due to some errors in the parameters in ‎[4], thus only partial results are available. Results are shown in Figure 2 to Figure 5 for DAS-6, DAS-11, DBS-6 and DBS-11. It can be seen that there are some significant performance gaps in the proposal in ‎[4].
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Figure 2: NSN and Marvell comparison, DAS-6, TU3iFH [image: image3.jpg]BLER
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Figure 3: NSN and Marvell comparison, DAS-11, TU3iFH
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Figure 4: NSN and Marvell comparison, DBS-6, TU3iFH
[image: image5.jpg]BLER

10

DBS-11, TU3FH

5 —— Marell, 1%

U Ml 15tag
= Marvell, 1¥t22M23
| s et
NS, 19t
NS, 1teoMea

14

16

18

20

2 24 % 23 30 2 34
A (48]





Figure 5: NSN and Marvell comparison, DBS-11, TU3iFH

3 Discussion

At high code rate, self decodability in every RV of a MCS causes a large throughput loss. In order to avoid those losses, it is proposed to ensure self decodability of the RV2+RV3 together, rather than self decodability of both RV separately. In order to achieve this demand, only a small swap rate is needed. 
Improvement of the degradation in the performance of DBS-6 with PAN is under further study, for example by examining different swap rate. However, it is noted that the relevance of DBS-6 to the overall throughput is negligible, and there is no performance loss in the hull curve.
The RV1 performance of high rate MCS in some channels did not achieve 10% BLER. In those cases, N/A was placed in the tables for those MCSs. 
4 Conclusion

This paper has provided an extensive comparison of the performance the Rate matching algorithm proposed in [1] to the current 25.212 rate matching [2], and to the proposal in ‎[4]. The results demonstrate a notable benefit of the proposed rate matching.
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