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Performance of Improved CBRM
1 Introduction

The concept and scheme of CBRM was proposed in [1]. Since then, the performance of CBRM for turbo codes and convolutional codes have been studied [2]

 REF _Ref175666642 \r \h 
[3]. In this contribution, we propose some minor change in CBRM from the original proposal to improve its performance. Also presented are link simulation results of incremental redundancy (IR) using CBRM for different code rates and payload sizes.
2 Revised CBRM
2.1 For Convolutional Codes
As suggested in [3], the bit grouping in CBRM is changed from [1] to improve the performance for GERAN convolutional codes generated by the polynomials: G4 = 1 + D2 + D3 + D5 + D6 ; G7 = 1 + D + D2 + D3 + D6 ; G5 = 1 + D + D4 + D6.
The modified bit grouping process is depicted in Figure 1. After subblock interleaving, only the P’0 and P’1 subblocks are interleaved together and the P’2 subblock is appended at the end. The starting row for reading out the interleaved bits in a subblock (see Figure 2) are also changed to reduce the chance that encoded bits from the same trellis section get punctured. The modified value of ∆ (the readout starting row) for subblocks P0, P1, P2 are respectively 0, (2M /2(, 0, where 2M is the number of rows in Figure 2. 
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Figure 1 Bit grouping of revised CBRM for convolutional codes
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Figure 2 Subblock interleaving

2.2 For Turbo Codes
The ∆ value is 0, 0, (2M /2( for S, P0, and P1 subblock respectively. No other changes have been made.

3 Performance of Revised CBRM
Link simulations are conducted to evaluate rate matching performance for various code rates in IR. Table 1 and Table 2 list the MCS schemes for HUGE and RED HOT respectively. Convolutional coding [7] is applied to HUGE and turbo coding [6] RED HOT. A maximum of four transmissions is assumed for IR. Performance is evaluated in terms of individual MCS. Link adaptation in IR is not considered. For CBRM, the first transmission begins with the first bit in the circular buffer. In subsequent retransmissions, the first bit is assumed to be the starting bit position (see [5] for the starting bit positions) closest to the last bit of the previous transmission in the circular buffer. Other assumption of the simulations is listed in Table 3. HUGE simulations compare the performance of the revised and original CBRM. RED HOT simulations compare the performance of CBRM and 25.212 puncturing algorithm.
	MCS1
	Tx format2
	Mod
	#Data blocks per radio block
	Payload size (bytes)
	Code rate

	HCS-1-A
	HUGE-A-1
	16QAM
	2
	56
	0.55

	HCS-2-A
	HUGE-A-1
	16QAM
	2
	64
	0.62

	HCS-3-A
	HUGE-A-1
	16QAM
	2
	74
	0.71

	HCS-4-A
	HUGE-A-2
	16QAM
	3
	56
	0.84

	HCS-5-A
	HUGE-A-2
	16QAM
	3
	64
	0.95

	 Note 1: MCS as per [4]
 Note 2: Transmission format as per [5]


Table 1 HUGE MCS’s used in simulations 
	Tx format1
	Mod
	#Data blocks per radio block
	Payload size (bytes)
	Code rate

	RH-A-3
	32QAM
	2
	68
	0.53

	RH-A-4
	32QAM
	3
	56
	0.67

	RH-A-2
	16QAM
	2
	74
	0.73

	RH-A-4
	32QAM
	3
	74
	0.87

	RH-A-4
	32QAM
	3
	82
	0.96


Table 2 RED HOT MCS’s used in simulations
	Parameter
	Assumption

	Carrier Frequency
	900 MHz

	Symbol rate
	271 Ksps

	Channel Model
	TU 6-tap, 3kmph

	Channel estimator
	From training sequence

	Modulation
	16QAM, 32QAM

	Turbo Code
	R=1/3, K=4 [6]

	Convolutional Code
	R=1/3, K=7 [7]

	# of Rx antennas
	1

	Frequency hopping
	Ideal

	Equalizer
	RSSE DFE


Table 3 Simulation assumption
The link performance is evaluated in terms of block error rate (BLER) and throughput.  The BLER is computed after a maximum of 1, 2, 3, and 4 IR transmissions. The throughput shown in the figures is the link throughput of IR with 4 maximum transmissions. HUGE simulation results are in Figures 3-12, and RED HOT results are in Figures 13-22.
We have observed a consistent performance improvement for HUGE with the revised CBRM for all the code rates. The improvement in BLER performance is summarized in Table 4. The throughput improvement ranges from 0.7 to 1.9 kbps.
	MCS
	1st Tx
	2nd Tx
	3rd Tx
	4th Tx

	HCS-1-A
	0.2
	0.2
	0.3
	0.2

	HCS-2-A
	0.6
	0.2
	0.2
	0.2

	HCS-3-A
	0.7
	0
	0
	0

	HCS-4-A
	0.9
	0
	0
	0

	HCS-5-A
	0.2
	0.6
	0.2
	0.2


Table 4 Improved performance (in dB) of CBRM for HUGE at 10% BLER for the 1st, 2nd, 3rd, and 4th transmission of IR in iFH TU 3kmph
For CBRM and 25.212 comparison in RED HOT, we observed that the performance for the 1st transmission is similar, but the results for retransmissions do not indicate conclusively which rate matching scheme is better. The observed retransmission performance also depends on how the transmitter send the redundancy versions. For example, if the transmitter send four redundancy versions with the starting bit position in the circular buffer (refer to [5]) P0 → P3  → P1 → P2, the results would be different from what we have presented. The throughput results show that at a reasonable C/I operating range (where the MCS is most likely to be used) CBRM has similar or better performance than 25.212.

4 Conclusions
We have presented a revised version of CBRM. The performance improvement of the revised CBRM on convolutional codes is observed for a broad range of code rates. Comparison of CBRM and 25.212 puncturing performance for turbo codes shows that CBRM has similar or slightly better performance than 25.212 in most scenarios.
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Figure 3 BLER of HCS-1-A after the 1st, 2nd, 3rd, and 4th transmission with the original (Org) and the revised CBRM (Rev)
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Figure 4 IR throughput of HCS-1-A with the original (Org) and the revised CBRM (Rev)
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Figure 5 BLER of HCS-2-A after the 1st, 2nd, 3rd, and 4th transmission with the original (Org) and the revised CBRM (Rev)
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Figure 6 IR throughput of HCS-2-A with the original (Org) and the revised CBRM (Rev)
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Figure 7  BLER of HCS-3-A after the 1st, 2nd, 3rd, and 4th transmission with the original (Org) and the revised CBRM (Rev)
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Figure 8 IR throughput of HCS-3-A with the original (Org) and the revised CBRM (Rev)
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Figure 9 BLER of HCS-4-A after the 1st, 2nd, 3rd, and 4th transmission with the original (Org) and the revised CBRM (Rev)
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Figure 10 IR throughput of HCS-4-A with the original (Org) and the revised CBRM (Rev)
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Figure 11 BLER of HCS-5-A after the 1st, 2nd, 3rd, and 4th transmission with the original (Org) and the revised CBRM (Rev) 
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Figure 12 IR throughput of HCS-5-A with the original (Org) and the revised CBRM (Rev)
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Figure 13 BLER of 68-byte payload in RH-A-3 format after the 1st, 2nd, 3rd, and 4th transmission using CBRM and 25.212 puncturing
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Figure 14 IR throughput of 68-byte payload in RH-A-3 format using CBRM and 25.212 puncturing
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Figure 15 BLER of 56-byte payload in RH-A-4 format after the 1st, 2nd, 3rd, and 4th transmission using CBRM and 25.212 puncturing
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Figure 16 IR throughput of 56-byte payload in RH-A-4 format using CBRM and 25.212 puncturing
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Figure 17 BLER of 74-byte payload in RH-A-2 format after the 1st, 2nd, 3rd, and 4th transmission using CBRM and 25.212 puncturing
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Figure 18 IR throughput of 74-byte payload in RH-A-2 format using CBRM and 25.212 puncturing
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Figure 19 BLER of 74-byte payload in RH-A-4 format after the 1st, 2nd, 3rd, and 4th transmission using CBRM and 25.212 puncturing
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Figure 20 IR throughput of 74-byte payload in RH-A-4 format using CBRM and 25.212 puncturing
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Figure 21 BLER of 82-byte payload in RH-A-4 format after the 1st, 2nd, 3rd, and 4th transmission using CBRM and 25.212 puncturing
[image: image23.png]Throughput (kbps)

100

90

80

70

60

50

40

30

20

10

RH-A-4, 82 bytes, iFH, TU3
T

—o— CBRM ||
--0--25212

Cllc (dB)

25

30

35

40




Figure 22 IR throughput of 82-byte payload in RH-A-4 format using CBRM and 25.212 puncturing
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