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New Modulation schemes for HUGE rev. 1
1 Introduction

In this contribution modulation and coding schemes for HUGE are proposed. 
2 Burst and radio block format
For HUGE B, the burst format shown in Figure 1and Table 1is proposed. 
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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 available for 16-QAM modulated radio block and 2760 bits available for a 32-QAM modulated radio block. For HUGE A the legacy burst format is reused. This means that there are 1856 available per radio block with 16-QAM. 
3 Modulation detection
The HUGE BTS must be able to discriminate between four modulations (GMSK, 8PSK, 16QAM and 32QAM) at legacy 271 ksymb/s and three modulations (QPSK, 16QAM and 32QAM) at 325 ksymb/s. 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 minimise the peak-to-average ratio of the QAM-modulated signals and also for QPSK.
4 Modulation and coding schemes for HUGE B
4.1 Details of modulation and coding schemes

A proposed set of modulation and coding schemes for HUGE B is shown in Table 2. A total of 9 new MCS are introduced. Four different header types are used as shown in Table 2.
	
	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
	Type
	H2bis
	H2bis
	H1bis
	H1bis
	H4
	H4
	H5
	H5

	
	Size uncoded [bits]
	28
	28
	39
	39
	51
	51
	64
	64

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

	
	Size coded [bits]
	108
	108
	144
	144
	184
	180
	216
	216

	
	Code rate
	0.33
	0.33
	0.33
	0.33
	0.32
	0.33 
	0.33
	0.33

	
	Code type
	Tail-biting convolutional code of EGPRS

	
	Interleaving depth [bursts]
	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 uncoded (including TI+E) [bits]
	1x450
	1x594
	2x450
	2x594
	3x450
	3x594
	4x546
	4x594

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

	
	Tail [bits]
	1x6
	1x6
	2x6
	2x6
	3x6
	3x6
	4x6
	4x6

	
	Size coded [bits] (with / Without PAN)
	908 / 988
	908 / 988
	1976 / 2056
	1976 / 2056
	1932 / 2016
	2484 / 2568
	2452 / 2532
	2452 / 2532

	
	# puncturing patterns
	2
	2
	2
	2
	3
	3
	3
	3

	
	Code rate (with PAN / without PAN)
	0.51 / 0.47
	0.67 / 0.61
	0.47 / 0.45
	0.61 / 0.59
	0.72 / 0.69
	0.73 / 0.71
	0.91 / 0.88
	0.99 / 0.96

	
	Code type
	Convolutional code of EGPRS

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

	PAN
	Size uncoded [bits]
	20

	
	CRC
	6

	
	Size coded [bits]
	80
	80
	80
	80
	84

	80
	80

	
	Code rate
	0.33
	0.33
	0.33
	0.33
	0.31
	0.33
	0.33


Table 2. Modulation and coding schemes for HUGE B and C
4.2 Family relations
Since no new family types were defined, existing link adaptation strategies could be re-used for retransmissions down to GMSK. 
4.3 RLC/MAC headers
In this section the RLC/MAC headers for HUGE B and C are shown. Four header types are used for the new MCS as shown in Table 2.
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.
4.3.1 Header type 2bis (uplink)

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)

· RSB field removed 

Header type 1bis is used for HCS-1-B and HCS-2-B.
4.3.1.1 Formatting

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN
	TFI
	2

	CPS
	BSN
	3

	
	Spare
	PANI
	PI
	4


Figure 2. Uplink RLC data block header for HCS-1 and HCS-2 (Header type 2bis).

4.3.1.2 CPS field

Both HCS-1-B and HCS-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
	HCS-1-B P1

	01
	HCS-1-B P2

	10
	HCS-2-B P1

	11
	HCS-2-B P2

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


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

4.3.2 Header type 1bis (uplink)
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)
· RSB field removed 

Header type 1bis is used for HCS-3-B and HCS-4-B.
4.3.2.1 Formatting

	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	
	Spare
	PANI
	PI
	CPS
	5


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

4.3.2.2 CPS field

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

	bit
3
	CPS

	0
	HCS-3-B

	1
	HCS-4-B

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


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

4.3.3 Header type 4 for uplink
Header type 4 is a new header type. Header type 4 is used for HCS-5-B and HCS-6-B which carry 3 RLC/MAC blocks as shown in Table 2. 
4.3.3.1 Formatting
	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

	PI
	CPS
	BSN3
	6

	
	Spare
	PANI
	7


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

4.3.3.2 CPS field
Since the code rates for both HCS-5-B and HCS-6-B blocks are higher than 2/3, 3 puncturing schemes would be needed for both the coding schemes. However they have different modulation. Thus a CPS field of 5 bits would be needed to address all the puncturing schemes as shown below. 
	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. CPS field for header type 4 (HCS-5-B and HCS-6-B).
4.3.4 Header type 5 for uplink

Header type 5 is a new header type. Header type 5 is used for HCS-7-B and HCS-8-B which carry 4 RLC/MAC blocks each using 32-QAM as shown in Table 2.
4.3.4.1 Formatting

	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

	CPS
	BSN4
	7

	Spare
	PANI
	PI
	CPS
	8


Figure 5. Uplink RLC data block header for HCS-7-B and HCS-8-B (Header type 5).

4.3.4.2 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
	HCS-7-B

	1
	HCS-8-B

	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.
5 Link Performance
6 Simulation assumptions
7 Link performance simulations for the coding schemes in Table 3 were performed using the simulation assumptions in Table 5. In these simulations, the FLO rate matching was assumed for puncturing and a generic bit-wise channel interleaver for interleaving.
8 Table 5 Link performance simulation assumptions
	Simulation assumptions
	Value

	Channel profile
	TU50nFH (Sens)

TU3iFH (DTS-2)

	Antenna diversity
	on

	TX pulse shaping
	325kHz RRC filter Hanning windowed

	Receiver filter
	325kHz RRC filter

	RF impairments
	included


9 Sensitivity performance
10 Sensitivity performance, throughput versus SNR is shown in Figure 5 using coding schemes from Table 3.
11 [image: image2.emf]HUGE B TU50nFH 900MHz Sensitivity
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12 Figure 5, Throughput versus SNR
13 Interference performance
14 Interference performance DTS-2 is shown in Figure 5 using coding schemes from Table 2.
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16 Discussion

17 All MCSs contribute substantially to the throughput envelope with the exception of HCS-4-B, where the contribution is negligible. However, HCS-4-B is needed for link adaptation within family B, therefore it is proposed to keep this MCS.
18 The curve for HCS-5-B could be slightly better placed between HCS-4-B and HCS-6-B by moving it from family A (3 x 56 octets = 67.2 kb/s) to family Ap (3 x 68 octets = 81.6kb/s). This is currently under consideration.
19 Modulation and coding schemes for HUGE A

19.1 Modulation and coding schemes

19.2 Details of modulation and coding schemes
A proposed set of modulation and coding schemes is shown in Table 9. Six new 16QAM-modulated MCSs are proposed. In addition to these, legacy EGPRS coding schemes MCS-1 to MCS-6 will be used by the HUGE A MS.

	
	MCS
	
	
	
	
	

	
	Modulation
	16QAM

	
	Family
	B
	App
	A
	B
	App

	
	Bitrate [kbps/TS]
	44.8
	51.2
	59.2
	67.2
	76.8

	Header
	Type
	1bis
	4

	
	Size uncoded [bits]
	41
	52

	
	CRC [bits]
	8

	
	Size coded [bits]
	136
	168

	
	Code rate
	0.36
	0.36

	
	Code type
	Tail-biting convolutional code of EGPRS

	
	Interleaving depth [bursts]
	4

	Stealing bits
	Size coded [bits]
	8

	RLC data blocks
	# RLC data blocks
	2
	2
	2
	3
	3

	
	Payload [octets]
	2x56
	2x64
	2x74
	3x56
	3x64

	
	Size uncoded (including TI+E) [bits]
	2x450
	2x514
	2x594
	3x450
	3x514

	
	CRC [bits]
	2x12
	2x12
	3x12
	3x12
	3x12

	
	Tail [bits]
	2x6
	2x6
	3x6
	3x6
	3x6

	
	Size coded (with/without PAN) [bits]
	1632 / 1712
	1632 / 1712
	1632 / 1712
	1596 / 1680
	1596 / 1680

	
	# puncturing patterns
	2
	2
	3
	3
	3

	
	Code rate (with/without PAN)
	0.57/0.54
	0.64/0.61
	0.74/0.71
	0.87/0.83
	0.99/0.94

	
	Code type
	Convolutional code of EGPRS

	
	Interleaving depth [bursts]
	4
	4
	4
	4
	1⅓

	PAN
	Size uncoded [bits]
	20

	
	CRC [bits]
	6

	
	Size coded [bits]
	80
	84


	
	Code rate
	0.33
	0.31


Table 9. Modulation and coding schemes for HUGE A

19.3 HCS-5-A
A new family type called App is introduced. This is a further padded variant of Ap type family. This allows insertion of PAN in all coding schemes for HUGE A. The family relations are shown in Figure 6 below. 


[image: image4]
Figure 6. Family relations for HUGE A.

19.4 RLC/MAC headers

In this section the RLC/MAC headers for HUGE A are shown. Two header types are used for the 16QAM-modulated MCSs: type 1bis and type 4.

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. MS not supporting this feature will not use the bit.

19.4.1 Header type 1bis (uplink)

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

· The code points of the CPS field have been redefined

· Some spare bits removed

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

· RSB field removed

Header type 1bis is used for HCS-1-A, HCS-2-Aand HCS-3-A.

19.4.1.1 Formatting
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	SI
	R
	1

	BSN1
	TFI
	2

	BSN2
	BSN1
	3

	BSN2
	4

	Spare
	PANI
	PI
	CPS
	5

	
	Spare
	6


Figure 3. Uplink RLC data block header for HCS-1-A, HCS-2-Aand HCS-3-A.

19.4.1.2 CPS field

For a TBF in HUGE A mode, the CPS field is encoded as follows:

	bits
54321
	CPS

	00000
	(HCS-3-A/P1 ; HCS-3-A/P1)

	00001
	(HCS-3-A/P1 ; HCS-3-A/P2)

	00010
	(HCS-3-A/P1 ; HCS-3-A/P3)

	00011
	(HCS-3-A/P2 ; HCS-3-A/P1)

	00100
	(HCS-3-A/P2 ; HCS-3-A/P2)

	00101
	(HCS-3-A/P2 ; HCS-3-A/P3)

	00110
	(HCS-3-A/P3 ; HCS-3-A/P1)

	00111
	(HCS-3-A/P3 ; HCS-3-A/P2)

	01000
	(HCS-3-A/P3 ; HCS-3-A/P3)

	01001
	(HCS-2-A/P1 ; HCS-2-A/P1)

	01010
	(HCS-2-A/P1 ; HCS-2-A/P2)

	01011
	(HCS-2-A/P2 ; HCS-2-A/P1)

	01100
	(HCS-2-A/P2 ; HCS-2-A/P2)

	01101
	(HCS-1-A/P1 ; HCS-1-A/P1)

	01110
	(HCS-1-A/P1 ; HCS-1-A/P2)

	01111
	(HCS-1-A/P2 ; HCS-1-A/P1)

	10000
	(HCS-1-A/P2 ; HCS-1-A/P2)

	
	All the other values are reserved for future use

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


Table 3. CPS field for header type 1bis.
19.4.2 Header type 4 for uplink

Type 4 is a new header type. Header type 4 is used for HCS-4-A and HCS-5-A.

19.4.2.1 Formatting

	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

	CPS
	BSN3
	6

	
	
	
	
	Spare
	PANI
	PI
	7


Figure 4. Uplink RLC data block header for HCS-4-A and HCS-5-A.

19.4.2.2 CPS field

The MSB bit of the CPS field (bit 6) is used to encode the MCS as shown in Table 4. The remaining five bits (bits 5 to 1) are used to encode the puncturing pattern of each RLC data block, as shown in Table 5.
	bit
6
	CPS

	0
	HCS-4-A

	1
	HCS-5-A

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


Table 4. Bit 6 of CPS field for header type 4.

	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 5. Bits 5 to 1 of CPS field for header type 4.

20 Conclusion
A set of modulation and coding schemes for HUGE B and C has been presented. All the coding schemes are designed in such a way that a PAN can be inserted when necessary. 
Details of the RLC/MAC headers needed for HUGE have been given.
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� For HCS-5 and HCS-6 the punctured PAN size is increased to 84 to make the final length divisible by 3. This is needed to make the final number of bits out of channel encoder for data coding also divisible by 3 as there are 3 RLC/MAC blocks per radio block. 





�  Coded PAN size altered to make it divisible by 3 so that the final length of coded data is also divisible by 3 as there are 3 RLC?MAC blocks per radio block. 
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