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MCS design for RED HOT B
1 Introduction

In this contribution modulation and coding schemes for RED HOT B are proposed. The proposals ‎[1] and ‎[2] have been merged into one proposal. The differences compared to (at least one of) ‎[1] and ‎[2] are highlighted in yellow in Table 2.
2 Burst and radio block format
For RED HOT B, a new burst format is defined. This is shown in Figure 1 and Table 1.
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Training sequence  Encrypted bits   Encrypted bits   Tail   Tail  Guard  


Figure 1. Burst format.
	Field
	Symbols

	Tail (left)
	4

	Encrypted bits (left)
	69

	Training sequence
	31

	Encrypted bits (right)
	69

	Tail (right)
	4

	Guard
	10.5

	Sum
	187.5


Table 1. Burst format.
This means that there are 1104 bits available per QPSK-modulated radio block, 2208 bits per 16QAM-modulated radio block and 2760 bits per 32QAM modulated radio block.
3 Modulation detection
The RED HOT B MS must be able to discriminate between seven modulations (GMSK, 8PSK, 16QAM and 32QAM at legacy symbol rate and QPSK, 16QAM and 32QAM at high symbol rate). For this purpose, it is proposed to use constellation rotation. Any odd multiple of π/4 (i.e., π/4, 3π/4, 5π/4 or 7π/4) will minimize the peak-to-average ratio of the QPSK, 16QAM and 32QAM modulated signals.
4 Modulation and coding schemes
4.1 Details of modulation and coding schemes
A proposed set of modulation and coding schemes is shown in Table 2. Two new QPSK-modulated MCSs, three new 16QAM-modulated MCSs and three new 32QAM-modulated MCSs are proposed. In addition to these, (some of) the legacy EGPRS coding schemes MCS-1 to MCS-4 may be used by the RED HOT B MS.

	
	MCS
	
	
	
	
	
	
	
	

	
	Modulation
	QPSK
	16QAM
	32QAM

	
	Family
	B
	A
	B
	A
	B
	A
	Ap
	A

	
	Bitrate [kbps/TS]
	22.4
	29.6
	44.8
	59.2
	67.2
	88.8
	108.8
	118.4

	Header
(without USF)
	Type
	H2bis
	H2bis
	H1bis
	H1bis
	H4
	H4
	H5
	H5

	
	Size uncoded [bits]
	26
	26
	37
	37
	49
	49
	62
	62

	
	CRC [bits]
	8
	8
	8
	8
	8
	8
	8
	8

	
	Size coded [bits]
	108
	108
	144
	144
	168
	168
	188
	188

	
	Code rate
	0.31
	0.31
	0.31
	0.31
	0.34
	0.34
	0.37
	0.37

	
	Code type
	Tail-biting convolutional code of EGPRS

	
	Interleaving depth [bursts]
	4
	4
	4
	4
	4
	4
	4
	4

	Stealing bits
	Size coded [bits]
	8
	8
	8
	8
	8
	12
	12
	12

	RLC data blocks
	# RLC data blocks
	1
	1
	2
	2
	3
	3
	4
	4

	
	Payload [octets]
	1x56
	1x74
	2x56
	2x74
	3x56
	3x74
	4x68
	4x74

	
	Size un-coded (including TI+E) [bits]
	1x450
	1x594
	2x450
	2x594
	3x450
	3x594
	4x546
	4x594

	
	CRC [bits]
	1x12
	1x12
	2x12
	2x12
	3x12
	3x12
	4x12
	4x12

	
	Size coded [bits] (With/ Without PAN)
	876/
956
	876/
956
	1912/
1992
	1912/
1992
	1890/
1968
	2421+1/
2499+1
(note 1)
	2400/
2480
	2424/
2480

	
	# puncturing patterns – (per redundancy version)
	2
	2
	2
	2
	3
	3
	3
	3

	
	Code rate (with PAN / without PAN)
	 0.53 /0.49
	0.69 /0.63
	0.49 /0.47
	0.63 /0.60
	0.74 /0.71
	0.75 /0.72
	0.94 /0.91
	1.00 /0.98

	
	Code type
	Turbo code of UTRAN

	
	Interleaving depth [bursts]
	4
	4
	4
	4
	4
	4
	1
	1

	PAN
	Size uncoded [bits]
	20
	20
	20
	20
	20
	20
	20
	20

	
	CRC
	6
	6
	6
	6
	6
	6
	6
	6

	
	Size coded [bits]
	80
	80
	80
	80
	78
	78
	80
	56

	
	Code rate
	0.33
	0.33
	0.33
	0.33
	0.33
	0.33
	0.33
	0.46

	USF
	Size uncoded [bits]
	3
	3
	3
	3
	3
	3
	3
	3

	
	Size coded [bits]
	32
	32
	64
	64
	64
	80
	80
	80

	Note 1: The three punctured data blocks have the size 3*807=2421 (with PAN) and 3*833=2499 bits (without PAN). One dummy bit is added to adapt the length to a symbol interleaver (it is ffs wether symbol interleaving will be used).


Table 2. Modulation and coding schemes for RED HOT B.
4.2 Bit swapping

Bit swapping is used on all MCSs defined for 16QAM and 32QAM. The bit swapping is applied to all SF bits to place them at the strongest bits, but still in the symbol closest to the training sequence. Also, weak header bits are placed in strong bit positions taken from the data field.
4.3 Family relations


[image: image2]
Figure 2. Family relations for RED HOT B.

5 RLC/MAC headers

In this section the RLC/MAC headers for RED HOT B are shown. Four header types are used for the new MCS.

A new field, PANI, has been included in the headers. This field is used by MS supporting the Reduced Latency feature to indicate the presence of a piggy-backed ACK/NACK report.

5.1.1 Header type 2bis for downlink

Type 2bis is similar to the legacy header type 2. The differences are:

· The code points of the CPS field have been redefined

· The CPS field has been reduced to two bits

· Some spare bits removed

· PAN indicator field included (for fast ACK/NACK reporting)

Header type 1bis is used for HTCS-1-B and HTCS-2-B.

5.1.1.1 Formatting

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN
	PR
	TFI
	2

	BSN
	3

	
	Spare
	PANI
	CPS
	4


Figure 3. Downlink RLC data block header for HTCS-1 and HTCS-2 (Header type 2bis).

5.1.1.2 CPS field

Both HTCS-1-B and HTCS-2-B have a code rate less that 2/3. Hence two puncturing schemes are sufficient for each. Hence a 2 bit CPS field is sufficient for this purpose. 

	bits
21
	CPS

	00
	HTCS-1 P1

	01
	HTCS-1 P2

	10
	HTCS-2 P1

	11
	HTCS-2 P2

	NOTE:
The bit numbering is relative to the field position.


Table 3. CPS field for header type 2bis (HTCS-1-B and HTCS-2-B).

5.1.2 Header type 1bis for downlink

Type 1bis is similar to the legacy header type 1. The differences are:

· The code points of the CPS field have been redefined

· The CPS field has been reduced to three bits

· Some spare bits removed

· PAN indicator field included (for fast ACK/NACK reporting)

Header type 1bis is used for HTCS-3-B and HTCS-4-B.

5.1.2.1 Formatting

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	4

	Spare
	PANI
	CPS
	BSN2
	5


Figure 4. Downlink RLC data block header for HTCS-3-B and HTCS-4-B (Header type 1bis)

5.1.2.2 CPS field

The CPS field for header type 1bis is encoded as follows:

	bit
3
	CPS

	0
	HTCS-3-B

	1
	HTCS-4-B

	NOTE:
The bit numbering is relative to the field position.


Table 4. CPS field for header type 1bis (HTCS-3-B and HTCS-4-B) – bit 3

	bits
21
	CPS

	00
	(P1, P1)

	01
	(P1,P2)

	10
	(P2,P1)

	11
	(P2,P2)

	NOTE:
The bit numbering is relative to the field position.


Table 5. CPS field for header type 1bis (HTCS-3-B and HTCS-4-B) – bit 2 and bit 1.

5.1.3 Header type 4 for downlink

Header type 4 is a new header type. Header type 4 is used for HTCS-5-B and HTCS-6-B which carry 3 RLC/MAC blocks using 16-QAM and also HTCS-7-B which also carries 3 RLC/MAC blocks using 32-QAM.

5.1.3.1 Formatting

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	4

	BSN 3
	BSN2
	5

	CPS
	BSN3
	6

	
	Spare
	PANI
	CPS
	7


Figure 5. Uplink RLC data block header for HTCS-5-B and HTCS-6-B (Header type 4).

5.1.3.2 CPS field

Since the code rates for both HTCS-5-B and HTCS-6-B blocks are higher than 2/3, 3 puncturing schemes would be needed for both the coding schemes. However, note that they are of different modulation hence the CPS field need not distinguish between these coding schemes. Hence, a CPS field of 5 bits would be needed to address all the puncturing patterns. 

	bits
54321
	CPS

	00000
	(P1 ; P1 ; P1)

	00001
	(P1 ; P1 ; P2)

	00010
	(P1 ; P1 ; P3)

	00100
	(P1 ; P2 ; P1)

	00101
	(P1 ; P2 ; P2)

	00110
	(P1 ; P2 ; P3)

	01000
	(P1 ; P3 ; P1)

	01001
	(P1 ; P3 ; P2)

	01010
	(P1 ; P3 ; P3)

	01011
	(P2 ; P1 ; P1)

	01100
	(P2 ; P1 ; P2)

	01101
	(P2 ; P1 ; P3)

	01110
	(P2 ; P2 ; P1)

	01111
	(P2 ; P2 ; P2)

	10000
	(P2 ; P2 ; P3)

	10001
	(P2 ; P3 ; P1)

	10010
	(P2 ; P3 ; P2)

	10011
	(P2 ; P3 ; P3)

	10100
	(P3 ; P1 ; P1)

	10101
	(P3 ; P1 ; P2)

	10110
	(P3 ; P1 ; P3)

	10111
	(P3 ; P2 ; P1)

	11000
	(P3 ; P2 ; P2)

	11001
	(P3 ; P2 ; P3)

	11010
	(P3 ; P3 ; P1)

	11011
	(P3 ; P3 ; P2)

	11100
	(P3 ; P3 ; P3)

	
	All the other values are reserved for future use

	NOTE:
The bit numbering is relative to the field position.


Table 6. Bits 5 to 1 of CPS field for header type 4 (HTCS-5-B, HTCS-6-B).

5.1.4 Header type 5 for downlink

Header type 5 is a new header type. Header type 5 is used for HTCS-7-B and HTCS-8-B which carry 4 RLC/MAC blocks each using 32-QAM. 

5.1.4.1 Formatting

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	BSN2
	4

	BSN 3
	BSN2
	5

	BSN4
	BSN3
	6

	CPS
	BSN4
	7

	Spare
	PANI
	CPS
	8

	
	Spare
	


Figure 6. Downlink RLC data block header for HTCS-7-B and HTCS-8-B (Header type 5).

5.1.4.2 CPS field

Since all the three coding schemes using this header format have a code rate higher than 2/3, we need 3 puncturing schemes per coding scheme. Thus the CPS field needs to be 8 bit long. The CPS field is coded as shown below. 

	bit
8
	CPS

	0
	HTCS-7

	1
	HTCS-8

	NOTE:
The bit numbering is relative to the field position.


Table 7. Bit 8 of CPS field for header type 5.

	bits
7654321
	CPS

	0000000
	(P1 ; P1 ; P1; P1)

	0000001
	(P1 ; P1 ; P1; P2)

	0000010
	(P1 ; P1 ; P1; P3)

	0000011
	(P1 ; P1 ; P2; P1)

	0000100
	(P1 ; P1 ; P2; P2)

	0000101
	(P1 ; P1 ; P2; P3)

	0000110
	(P1 ; P1 ; P3; P1)

	0000111
	(P1 ; P1 ; P3; P2)

	0001000
	(P1 ; P1 ; P3; P3)

	0001001
	(P1 ; P2 ; P1; P1)

	0001010
	(P1 ; P2 ; P1; P2)

	0001011
	(P1 ; P2 ; P1; P3)

	0001100
	(P1 ; P2 ; P2; P1)

	0001101
	(P1 ; P2 ; P2; P2)

	0001110
	(P1 ; P2 ; P2; P3)

	0001111
	(P1 ; P2 ; P3; P1)

	0010000
	(P1 ; P2 ; P3; P2)

	0010001
	(P1 ; P2 ; P3; P3)

	0010010
	(P1 ; P3 ; P1; P1)

	0010011
	(P1 ; P3 ; P1; P2)

	0010100
	(P1 ; P3 ; P1; P3)

	0010101
	(P1 ; P3 ; P2; P1)

	0010110
	(P1 ; P3 ; P2; P2)

	0010111
	(P1 ; P3 ; P2; P3)

	0011000
	(P1 ; P3 ; P3; P1)

	0011001
	(P1 ; P3 ; P3; P2)

	0011010
	(P1 ; P3 ; P3; P3)

	0011011
	(P2 ; P1 ; P1; P1)

	0011100
	(P2 ; P1 ; P1; P2)

	0011101
	(P2 ; P1 ; P1; P3)

	0011110
	(P2 ; P1 ; P2; P1)

	0011111
	(P2 ; P1 ; P2; P2)

	0100000
	(P2 ; P1 ; P2; P3)

	0100001
	(P2 ; P1 ; P3; P1)

	0100010
	(P2 ; P1 ; P3; P2)

	0100011
	(P2 ; P1 ; P3; P3)

	0100100
	(P2 ; P2 ; P1; P1)

	0100101
	(P2 ; P2 ; P1; P2)

	0100110
	(P2 ; P2 ; P1; P3)

	0100111
	(P2 ; P2 ; P2; P1)

	0101000
	(P2 ; P2 ; P2; P2)

	0101001
	(P2 ; P2 ; P2; P3)

	0101010
	(P2 ; P2 ; P3; P1)

	0101011
	(P2 ; P2 ; P3; P2)

	0101100
	(P2 ; P2 ; P3; P3)

	0101101
	(P2 ; P3 ; P1; P1)

	0101110
	(P2 ; P3 ; P1; P2)

	0101111
	(P2 ; P3 ; P1; P3)

	0110000
	(P2 ; P3 ; P2; P1)

	0110001
	(P2 ; P3 ; P2; P2)

	0110010
	(P2 ; P3 ; P2; P3)

	0110011
	(P2 ; P3 ; P3; P1)

	0110100
	(P2 ; P3 ; P3; P2)

	0110101
	(P2 ; P3 ; P3; P3)

	0110110
	(P3 ; P1 ; P1; P1)

	0110111
	(P3 ; P1 ; P1; P2)

	0111000
	(P3 ; P1 ; P1; P3)

	0111001
	(P3 ; P1 ; P2; P1)

	0111010
	(P3 ; P1 ; P2; P2)

	0111011
	(P3 ; P1 ; P2; P3)

	0111100
	(P3 ; P1 ; P3; P1)

	0111101
	(P3 ; P1 ; P3; P2)

	0111110
	(P3 ; P1 ; P3; P3)

	0111111
	(P3 ; P2 ; P1; P1)

	1000000
	(P3 ; P2 ; P1; P2)

	1000001
	(P3 ; P2 ; P1; P3)

	1000010
	(P3 ; P2 ; P2; P1)

	1000011
	(P3 ; P2 ; P2; P2)

	1000100
	(P3 ; P2 ; P2; P3)

	1000101
	(P3 ; P2 ; P3; P1)

	1000110
	(P3 ; P2 ; P3; P2)

	1000111
	(P3 ; P2 ; P3; P3)

	1001000
	(P3 ; P3 ; P1; P1)

	1001001
	(P3 ; P3 ; P1; P2)

	1001010
	(P3 ; P3 ; P1; P3)

	1001011
	(P3 ; P3 ; P2; P1)

	1001100
	(P3 ; P3 ; P2; P2)

	1001101
	(P3 ; P3 ; P2; P3)

	1001110
	(P3 ; P3 ; P3; P1)

	1001111
	(P3 ; P3 ; P3; P2)

	1010000
	(P3 ; P3 ; P3; P3)

	
	All other values are reserved for future use


Table 8. Bits 7 to 1 of CPS field for header type 5.

6 Conclusion
A set of MCSs has been proposed for RED HOT B. Eight additional MCSs modulated with QPSK, 16QAM and 32QAM are proposed. MCS1-4 may be re-used from legacy EGPRS.
A complete set of headers are described in detail.
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