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Hybrid ARQ Signaling For Circular Buffer Rate Matching
1 Introduction

Circular buffer rate matching (CBRM) is a flexible rate-matching algorithm adapted by LTE.  For HUGE and RED HOT, CBRM was proposed in [1] to replace fixed pattern puncturing.   Signaling method for CBRM to support incremental redundancy (IR) was discussed in [2]. This proposed signaling needs synchronization for re-transmission, which is hard to maintained with NACK indications. In this contribution, we propose an alternative hybrid ARQ signaling for CBRM. This scheme has a low signaling overhead and enables H-ARQ decoding even when the header decoding fails in the previous transmissions.
2 Signaling for H-ARQ decoding
The process of channel encoding and formation of the circular buffer is depicted in Figure 1. The mother code at the output of the channel encoder undergoes CBRM subgroup interleaving and bit grouping process to form the circular buffer. The size of the circular buffer is the same as the mother code length.
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Figure 1 Channel encoding and formation of circular buffer. Pi represents the starting bit of each redundancy version

The circular buffer has four possible starting bit positions for each transmission. The four bit positions, P0, P1, P2, P3, are equally spaced in the circular buffer as shown in Figure 1. The transmitter may decide how many bits to transmit based on the link condition and the history of transmissions for the packet. If NC bits are to be transmitted and starting bit Pi is used for that redundancy version, the transmitted bits are taken from the bits with indices 
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 from the buffer, where NE is the size of the circular buffer. In other words, a redundancy version consists of an undivided portion of NC bits in the circular buffer beginning with bit Pi.  
For the receiver to reconstruct the circular buffer, it needs to know (1) the size of payload, NP, (2) the starting bit Pi, and (3) the number of channel bits, NC. The knowledge of NP indicates the circular buffer size, and the knowledge of Pi and NC allows the receiver to fill in the buffer or combined with previously received bits in the buffer. 
In this proposal, the transmitter signals the payload size NP and the starting bit Pi in the header, with two new fields PS (payload size) and RV (redundancy version).  The number of channel bits NC can be detected by receivers from the detected modulation type and header type. 
2.1 RLC/MAC Header

Our header design is modified from the proposed headers in [3]

 REF _Ref175035461 \r \h 
 \* MERGEFORMAT [4]

 REF _Ref175035462 \r \h 
 \* MERGEFORMAT [5]

 REF _Ref175035463 \r \h 
 \* MERGEFORMAT [6]. For both HUGE and RED HOT, one radio block (a 20ms duration) may contain one, two, three, or four data blocks. We propose one header type for each case. So there are four header types for HUGE and RED HOT, respectively. Details of the header design are given in Appendix B. All the data blocks in the same radio block are required to have the same payload size. The two-bit PS (payload size) field of the header indicates the payload size as shown in Table 1. There is a two-bit RV (redundancy version) field that is specific for each data block in the radio block. It indicates the starting bit in the circular buffer for the redundancy version of the encoded data block, as defined in Table 2. The circular buffer size and the four starting bit positions depend only on the payload size. They are listed in Table 3 and Table 4 for different payload sizes for HUGE and RED HOT respectively.  
	HUGE
	RED HOT

	PS value
	Payload size (bytes)
	PS value
	Payload size (bytes)

	0
	56
	0
	56

	1
	64
	1
	68

	2
	68
	2
	74

	3
	74
	3
	82


Table 1 Payload size indication by the PS field in the header
	RV value
	Starting bit position in circular buffer

	0
	P0: First encoded bit in buffer

	1
	P1: 1/4 buffer size from P0

	2
	P2: 1/2 buffer size from P0

	3
	P3: 3/4 buffer size from P0


Table 2 Starting bit position indication by the RV field in the header
	Payload size (bytes)
	56
	64
	68
	74

	Circular buffer size (bits)
	1404
	1596
	1692
	1836

	P0 bit index
	0
	0
	0
	0

	P1 bit index
	350
	398
	422
	458

	P2 bit index
	701
	797
	845
	917

	P3 bit index
	1052
	1196
	1268
	1376


Table 3 Circular buffer size and redundancy version starting point indices (beginning from index 0 in the buffer) for HUGE
	Payload size (bytes)
	56
	68
	74
	82

	Circular buffer size (bits)
	1398
	1686
	1830
	2022

	P0 bit index
	0
	0
	0
	0

	P1 bit index
	348
	420
	456
	504

	P2 bit index
	698
	842
	914
	1010

	P3 bit index
	1047
	1263
	1371
	1515


Table 4 Circular buffer size and redundancy version starting point indices (beginning from index 0 in the buffer) for RED HOT
2.2 Transmission Format
For a given symbol rate (legacy or higher symbol rate), the number of channel bits transmitted for a data block, denoted as NC, is determined by modulation type and the number of data blocks multiplexed in the 20ms radio block. We refer to the combination of modulation type and the number of multiplexed data blocks (RLC blocks) as “transmission format.” Appendix A includes the transmission formats and their attributes for HUGE A, RED HOT A (at legacy symbol rate) and HUGE B, RED HOT B (at x1.2 higher symbol rate)  based on the MCS design in [3]

 REF _Ref175035461 \r \h 
 \* MERGEFORMAT [4]

 REF _Ref175035462 \r \h 
 \* MERGEFORMAT [5]

 REF _Ref175035463 \r \h 
 \* MERGEFORMAT [6]. 
After modulation type has been blindly detected, the receiver uses the stealing bits to detect the header type. Since the number of multiplexed data blocks is uniquely associated with the header type (see Appendix B), the receiver knows the transmission format once the header type has been detected. Next the receiver would proceed to decode the header, and once the header has been decoded, the receiver has acquired all the information (namely, NC, NP, and Pi) to reconstruct the circular buffer of each data block. Decoding of retransmitted data blocks in IR is not affected by the failure of header decoding in previous transmissions, because is Pi is independently signaled each time. The transmitter is supposed to select Pi for each transmission to maximize the probability of data decoding.
Note that the transmission format is not equivalent to an MCS.  Each transmission format defines a fixed modulation type and the number of RLC blocks.  One transmission format can have different payload sizes.  
Unlike the existing MCS design, where the payload size is fixed for an MCS level, the transmission format in this proposal can be used to transport a packet of any supported payload size. And a packet of a supported size can be transmitted by all transmission formats. Therefore, the family relationship of MCS for IR and splitting/padding of data blocks are no longer needed in IR. This flexibility allows the transmitter to better adapt to the link condition in IR. A well designed scheduler may take this advantage to increase network capacity. 
Appendix C provides the code rate for all supported payload sizes using different transmission formats in HUGE A/B and RED HOT A/B. The code rate is based on a single transmission, assuming no previous transmissions. In a few cases where the code rate exceeds 1, the transmission format is not suitable for the payload size for the first transmission, but may be used for retransmissions. Appendix D lists the peak data rate for all supported payload sizes using different transmission formats in HUGE A/B and RED HOT A/B.
3 Conclusions
We have presented a signaling method for CBRM that enables H-ARQ data decoding. The signaling is conveyed in the RLC/MAC header by the information of payload size and starting bit position in the circular buffer. A packet of a supported payload size can be transmitted using all possible transmission formats to maximize the throughput through more flexible link adaptation and simplify soft combining through the elimination of splitting and padding of code blocks. Also provided are the definition of headers and transmission formats for HUGE and RED HOT.
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Appendix A:
Transmission Formats
	Transmission format
	HUGE-A-1
	HUGE-A-2

	Modulation
	16QAM
	16QAM

	Number of data blocks
	2
	3

	Number of stealing bits
	8
	8

	Header size + 8-bit CRC (bits)
	48
	60

	Encoded header size (bits)
	136
	168

	Header code rate
	0.35
	0.36

	Encoded PAN size (bits)
	78
	78

	Encoded data block size with PAN (bits)
	817
	534

	Encoded data block size without PAN (bits)
	856
	560


Table 5 Transmission formats for HUGE A

	Transmission format
	HUGE-B-1
	HUGE-B-2
	HUGE-B-3
	HUGE-B-4
	HUGE-B-5

	Modulation
	QPSK
	16QAM
	16QAM
	32QAM
	32QAM

	Number of data blocks
	1
	2
	3
	3
	4

	Number of stealing bits
	8
	8
	8
	12
	12

	Header size + 8-bit CRC (bits)
	36
	48
	60
	60
	72

	Encoded header size (bits)
	108
	144
	184
	168
	208

	Header code rate
	0.33
	0.33
	0.33
	0.36
	0.35

	Encoded PAN size (bits)
	80
	80
	84
	84
	80

	Encoded data block size with PAN (bits)
	908
	988
	644
	832
	615

	Encoded data block size without PAN (bits)
	988
	1028
	672
	860
	635


Table 6 Transmission formats for HUGE B 

	Transmission format
	RH-A-1
	RH-A-2
	RH-A-3
	RH-A-4

	Modulation
	8PSK
	16QAM
	32QAM
	32QAM

	Number of data blocks
	1
	2
	2
	3

	Number of stealing bits
	8
	8
	8
	8

	Number of USF bits
	36
	48
	60
	60

	Header size + 8-bit CRC (bits)
	37
	49
	49
	61

	Encoded header size (bits)
	100
	136
	132
	152

	Header code rate
	0.37
	0.36
	0.37
	0.40

	Encoded PAN size (bits)
	78
	78
	78
	78

	Encoded data block size with PAN (bits)
	1170
	793
	1021
	674

	Encoded data block size without PAN (bits)
	1248
	832
	1060
	700


Table 7 Transmission formats for RED HOT A 

	Transmission format
	RH-B-1
	RH-B-2
	RH-B-3
	RH-B-4
	RH-B-5

	Modulation
	QPSK
	16QAM
	16QAM
	32QAM
	32QAM

	Number of data blocks
	1
	2
	3
	3
	4

	Number of stealing bits
	8
	8
	8
	12
	12

	Number of USF bits
	32
	64
	64
	80
	80

	Header size + 8-bit CRC (bits)
	37
	49
	61
	61
	73

	Encoded header size (bits)
	108
	144
	168
	168
	188

	Header code rate
	0.34
	0.34
	0.36
	0.36
	0.39

	Encoded PAN size (bits)
	80
	80
	78
	78
	80

	Encoded data block size with PAN (bits)
	876
	956
	630
	807
	600

	Encoded data block size without PAN (bits)
	956
	996
	656
	833
	620

	Note 1: In format 4, one dummy bit is inserted to the radio block.


Table 8 Transmission formats for RED HOT B 

Appendix B: Headers
Header type is uniquely associated with the number data blocks in one radio block.

HUGE 1-block header

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN
	TFI
	2

	PS
	BSN
	3

	
	PANI
	PI
	RV
	4


HUGE 2-block header

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	PANI
	PI
	RV2
	RV1
	PS
	5


HUGE 3-block header

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	BSN3
	5

	RV2
	RV1
	PS
	BSN3
	6

	
	
	
	PANI
	PI
	RV3
	7


HUGE 4-block header

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	BSN3
	5

	BSN4
	BSN3
	6

	RV1
	PS
	BSN4
	7

	PANI
	PI
	RV4
	RV3
	RV2
	8


RED HOT 1-block header

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN
	PR
	TFI
	2

	BSN
	3

	
	
	
	RV
	PS
	BSN
	4


RED HOT 2-block header

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	RV2
	RV1
	PS
	BSN2
	5

	
	
	
	
	
	
	
	RV2
	6


RED HOT 3-block header

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	BSN3
	BSN2
	5

	RV1
	PS
	BSN3
	6

	
	RV3
	RV2
	RV1
	7


RED HOT 4-block header

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	BSN1
	4

	BSN3
	BSN2
	5

	BSN4
	BSN3
	6

	PS
	BSN4
	7

	RV4
	RV3
	RV2
	RV1
	PS
	8

	
	RV4
	9


Appendix C: Code Rates

Table 9 and Table 10 lists code rates of the supported payload sizes using various transmission formats for HUGE and RED HOT respectively. 
Those transmission formats with code rate greater than 1 can only be used for H-ARQ retransmission.
	Payload size (bytes)
	56
	64
	68
	74

	HUGE-A-1
	0.55
	0.62
	0.66
	0.71

	HUGE-A-2
	0.84
	0.95
	1.01
	1.09

	HUGE-B-1
	0.47
	0.54
	0.57
	0.62

	HUGE-B-2
	0.46
	0.52
	0.55
	0.60

	HUGE-B-3
	0.70
	0.79
	0.84
	0.91

	HUGE-B-4
	0.54
	0.62
	0.66
	0.71

	HUGE-B-5
	0.74
	0.84
	0.89
	0.96

	HUGE-A-1 w/ PAN
	0.57
	0.65
	0.69
	0.75

	HUGE-A-2 w/ PAN
	0.88
	1.00
	1.06
	1.15

	HUGE-B-1 w/ PAN
	0.52
	0.59
	0.62
	0.67

	HUGE-B-2 w/ PAN
	0.47
	0.54
	0.57
	0.62

	HUGE-B-3 w/ PAN
	0.73
	0.83
	0.88
	0.95

	HUGE-B-4 w/ PAN
	0.56
	0.64
	0.68
	0.74

	HUGE-B-5 w/ PAN
	0.76
	0.87
	0.92
	1.00


Table 9 Code rates of various payload sizes and transmission formats for HUGE A/B
	Payload size (bytes)
	56
	68
	74
	82

	RH-A-1
	0.37
	0.45
	0.49
	0.54

	RH-A-2
	0.56
	0.68
	0.73
	0.81

	RH-A-3
	0.44
	0.53
	0.58
	0.64

	RH-A-4
	0.67
	0.80
	0.87
	0.96

	RH-B-1
	0.49
	0.59
	0.64
	0.71

	RH-B-2
	0.47
	0.56
	0.61
	0.68

	RH-B-3
	0.71
	0.86
	0.93
	1.03

	RH-B-4
	0.56
	0.67
	0.73
	0.81

	RH-B-5
	0.75
	0.91
	0.98
	1.09

	RH-A-1 w/ PAN
	0.40
	0.48
	0.52
	0.58

	RH-A-2 w/ PAN
	0.59
	0.71
	0.77
	0.85

	RH-A-3 w/ PAN
	0.46
	0.55
	0.60
	0.66

	RH-A-4 w/ PAN
	0.69
	0.83
	0.91
	1.00

	RH-B-1 w/ PAN
	0.53
	0.64
	0.70
	0.77

	RH-B-2 w/ PAN
	0.49
	0.59
	0.64
	0.71

	RH-B-3 w/ PAN
	0.74
	0.89
	0.97
	1.07

	RH-B-4 w/ PAN
	0.58
	0.70
	0.76
	0.84

	RH-B-5 w/ PAN
	0.78
	0.94
	1.02
	1.12


Table 10 Code rates of various payload sizes and transmission formats for RED HOT A/B
Appendix D: Data Rates

	Payload size (bytes)
	56
	64
	68
	74

	HUGE-A-1
	44.8
	51.2
	54.4
	59.2

	HUGE-A-2
	67.2
	76.8
	N/A
	N/A

	HUGE-B-1
	22.4
	25.6
	27.2
	29.6

	HUGE-B-2
	44.8
	51.2
	54.4
	59.2

	HUGE-B-3
	67.2
	76.8
	81.6
	88.8

	HUGE-B-4
	67.2
	76.8
	81.6
	88.8

	HUGE-B-5
	89.6
	102.4
	108.8
	118.4


Table 11 Data rates (in kbps) of various payload sizes and transmission formats for HUGE A/B
	Payload size (bytes)
	56
	68
	74
	82

	RH-A-1
	22.4
	27.2
	29.6
	32.8

	RH-A-2
	44.8
	54.4
	59.2
	65.6

	RH-A-3
	44.8
	54.4
	59.2
	65.6

	RH-A-4
	67.2
	81.6
	88.8
	98.4

	RH-B-1
	22.4
	27.2
	29.6
	32.8

	RH-B-2
	44.8
	54.4
	59.2
	65.6

	RH-B-3
	67.2
	81.6
	88.8
	98.4

	RH-B-4
	67.2
	81.6
	88.8
	98.4

	RH-B-5
	89.6
	108.8
	118.4
	N/A


Table 12 Data rates (in kbps) of various payload sizes and transmission formats for RED HOT A/B
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