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4
The block structures

The different block structures are described in more detail in 3GPP TS 45.003 (Channel coding). A summarised description appears in table 1, in terms of net bit rate, length and recurrence of blocks.

Table 1: Channel block structures

	Type of channel
	net bit rate

(kbit/s)
	block length

(bits)
	block recurrence

(ms)

	full rate speech TCH1
	13,0
	182 + 78
	20

	enhanced full rate speech TCH1
	12,2
	170 + 74
	20

	half rate speech TCH2
	5,6
	95 + 17
	20

	Adaptive full rate speech TCH (12,2 kbit/s)
	12,2
	244
	20

	Adaptive full rate speech TCH (10,2 kbit/s)
	10,2
	204
	20

	Adaptive full rate speech TCH (7,95 kbit/s)
	7,95
	159
	20

	Adaptive full rate speech TCH (7,4 kbit/s)
	7,4
	148
	20

	Adaptive full rate speech TCH (6,7 kbit/s)
	6,7
	134
	20

	Adaptive full rate speech TCH (5,9 kbit/s)
	5,9
	118
	20

	Adaptive full rate speech TCH (5,15 kbit/s)
	5,15
	103
	20

	Adaptive full rate speech TCH (4,75 kbit/s)
	4,75
	95
	20

	Adaptive half rate speech TCH (7,95 kbit/s)8
	7,95
	123 + 36
	20

	Adaptive half rate speech TCH (7,4 kbit/s)8 
	7,4
	120 + 28
	20

	Adaptive half rate speech TCH (6,7 kbit/s)8 
	6,7
	110 + 24
	20

	Adaptive half rate speech TCH (5,9 kbit/s)8
	5,9
	102 + 16
	20

	Adaptive half rate speech TCH (5,15 kbit/s)8
	5,15
	91 + 12
	20

	Adaptive half rate speech TCH (4,75 kbit/s)8
	4,75
	83 + 12
	20

	Adaptive half rate 8-PSK speech TCH 
(12,2 kbit/s)
	12,2
	244
	20

	Adaptive half rate 8-PSK speech TCH 
(10,2 kbit/s)
	10,2
	204
	20

	Adaptive half rate 8-PSK speech TCH 
(7,95 kbit/s)
	7,95
	159
	20

	Adaptive half rate 8-PSK speech TCH 
(7,4 kbit/s)
	7,4
	148
	20

	Adaptive half rate 8-PSK speech TCH 
(6,7 kbit/s)
	6,7
	134
	20

	Adaptive half rate 8-PSK speech TCH 
(5,9 kbit/s)
	5,9
	118
	20

	Adaptive half rate 8-PSK speech TCH 
(5,15 kbit/s)
	5,15
	103
	20

	Adaptive half rate 8-PSK speech TCH 
(4,75 kbit/s)
	4,75
	95
	20

	Wideband Adaptive full rate speech TCH (19,85 kbit/s)
	19,85
	109 + 288
	20

	Wideband Adaptive full rate speech TCH (18,25 kbit/s)
	18,25
	365
	20

	Wideband Adaptive full rate speech TCH (15,85 kbit/s)
	15,85
	317
	20

	Wideband Adaptive full rate speech TCH (14,25 kbit/s)
	14,25
	285
	20

	Wideband Adaptive full rate speech TCH (12,65 kbit/s)
	12,65
	253
	20

	Wideband Adaptive full rate speech TCH (8,85 kbit/s)
	8,85
	177
	20

	Wideband Adaptive full rate speech TCH (6,60 kbit/s)
	6,60
	132
	20

	data E-TCH (43,2 kbit/s) 3

data E-TCH (32,0 kbit/s) 3
data E-TCH (28,8 kbit/s)3
	43,5

32,0

29,0
	870

640

580
	20

20

20

	data TCH (14,4 kbit/s) 3
data TCH (9,6 kbit/s)3
	14,5

12,0
	290

60
	20

5

	data TCH (4,8 kbit/s)3
	6,0
	60
	10

	data TCH (£ 2,4 kbit/s)3
	3,6
	36
	10

	PDTCH/F (CS-1) 
	9,05
	181
	-

	PDTCH/F (CS-2) 
	13,4
	268
	-

	PDTCH/F (CS-3) 
	15,6
	312
	-

	PDTCH/F (CS-4) 
	21,4
	428
	-

	PDTCH/H (CS-1) 
	4,525
	181
	-

	PDTCH/H (CS-2) 
	6,7
	268
	-

	PDTCH/H (CS-3) 
	7,8
	312
	-

	PDTCH/H (CS-4) 
	10,7
	428
	-

	(continued)


Table 1 (concluded): Channel block structures

	Type of channel
	net bit rate

(kbit/s)
	block length

(bits)
	block recurrence

(ms)

	PDTCH/F (MCS-1)10
	10,6
	212
	-

	PDTCH/F (MCS-2)10
	13,0
	260
	-

	PDTCH/F (MCS-3)10
	16,6
	332
	-

	PDTCH/F (MCS-4)10
	19,4
	388
	-

	PDTCH/F (MCS-5)10
	24,05
	481
	-

	PDTCH/F (MCS-6)10
	31,25
	625
	-

	PDTCH/F (MCS-7)10
	47,45
	949
	-

	PDTCH/F (MCS-8)10
	57,05
	1141
	-

	PDTCH/F (MCS-9)10
	61,85
	1237
	-

	PDTCH/H (MCS-1)10
	5,3
	212
	-

	PDTCH/H (MCS-2)10
	6,5
	260
	-

	PDTCH/H (MCS-3)10
	8,3
	332
	-

	PDTCH/H (MCS-4)10
	9,7
	388
	-

	PDTCH/H (MCS-5)10
	12,025
	481
	-

	PDTCH/H (MCS-6)10
	15,625
	625
	-

	PDTCH/H (MCS-7)10
	23,725
	949
	-

	PDTCH/H (MCS-8)10
	28,525
	1141
	-

	PDTCH/H (MCS-9)10
	30,925
	1237
	-

	full rate FACCH (FACCH/F)
	9,2
	184
	20

	half rate FACCH (FACCH/H)

enhanced circuit switched full rate FACCH (E-FACCH/F)
	4,6

9,2
	184

184
	40

20

	half rate octal FACCH (O-FACCH/H)
	4,6
	184
	40

	SDCCH
	598/765 ( 0,782)
	184
	3 060/13 (235)

	SACCH (with TCH)4
	115/300 ( 0,383)
	168 + 16
	480

	SACCH (with SDCCH)4


	299/765 ( 0,391)
	168 + 16
	6 120/13 ( 471)

	PACCH/F7
	
	181
	

	PACCH/H7
	
	181
	

	BCCH
	598/765 ( 0,782)
	184
	3 060/13 ( 235)

	PBCCH6 
	s*181/120 (1,508)
	181
	120

	AGCH5
	n*598/765 ( 0,782)
	184
	3 060/13 ( 235)

	PAGCH7 
	
	181
	

	NCH5
	m*598/765 ( 0,782)
	184
	3 060/13 ( 235)

	PNCH7 
	
	181
	

	PCH5
	p*598/765 ( 0,782)
	184
	3 060/13 ( 235)

	PPCH7 
	
	181
	

	RACH5
	r*26/765 ( 0,034)
	8
	3 060/13 ( 235)

	PRACH (8 bit Access Burst)7 
	
	8
	

	PRACH (11 bit Access Burst)7 
	
	11
	

	CBCH
	598/765 ( 0,782)
	184
	3 060/13 ( 235)

	CTSBCH-SB
	25/240 ( 0,104)
	25
	240

	CTSPCH
	184/240 ( 0,767)
	184
	240

	CTSARCH
	14*25/240 ( 0,104)
	25
	240

	CTSAGCH
	2*184/240 ( 0,767)
	184
	240

	NOTE 1:
For full rate speech, the block is divided into two classes according to the importance of the bits (182 bits for class I and 78 bits for class II).


For enhanced full rate speech, the block is divided into two classes according to the importance of the bits (170 bits for class I and 74 bits for class II).

	NOTE 2:
For half rate speech, the block is divided into two classes according to the importance of the bits (95 bits for class I and 17 bits for class II).

	NOTE 3:
For data services, the net bit rate is the adaptation rate as defined in 3GPP TS 44.021.

	NOTE 4:
On SACCH, 16 bits are reserved for control information on layer 1, and 168 bits are used for higher layers.

	NOTE 5:
CCCH channels are common to all users of a cell; the total number of blocks (m, n, p, r) per recurrence period is adjustable on a cell by cell basis and depends upon the parameters (BS_CC_CHANS, BS_BCCH_SDCCH_COMB, BS_AG_BLKS_RES and NCP) broadcast on the BCCH and specified in 3GPP TS 45.002 and 3GPP TS 44.018.

	NOTE 6:
The total number of PBCCH blocks (s) is adjustable on a cell by cell basis and depends upon the parameter BS_PBCCH_BLKS broadcast on the first PBCCH block and specified in 3GPP TS 45.002 and 3GPP TS 44.018.

	NOTE 7:
The net bit rate for these channels in a cell can change dynamically and depends on how PDCH are configured in a cell, and upon the parameters BS_PBCCH_BLKS, BS_PAG_BLKS_RES and BS_PRACH_BLKS broadcast on the PBCCH and specified in 3GPP TS 45.002 and 3GPP TS 44.018, as well as upon how certain blocks on the PDCH are used (indicated by the message type).

	NOTE 8:
For adaptive half rate speech, the blocks are divided into two classes according to the importance of the bits (the first number in the block length corresponds to the class I bits, the second number corresponds to the class II bits).

	NOTE 9:
CTSBCH, CTSARCH, CTSPCH and CTSAGCH are only used in CTS.

	NOTE 10:
For EGPRS PDTCH, the block length in bits excludes the USF bits (downlink traffic) and all the error-check bits.


5.1
Hyperframes, superframes and multiframes

A diagrammatic representation of all the time frame structures is in figure 1. The longest recurrent time period of the structure is called hyperframe and has a duration of 3 h 28 mn 53 s 760 ms (or 12 533,76 s). The TDMA frames are numbered modulo this hyperframe (TDMA frame number, or FN, from 0 to 2 715 647). This long period is needed to support cryptographic mechanisms defined in 3GPP TS 43.020.

One hyperframe is subdivided in 2 048 superframes which have a duration of 6,12 seconds. The superframe is the least common multiple of the time frame structures. The superframe is itself subdivided in multiframes; four types of multiframes exist in the system:

‑
a 26‑ multiframe (51 per superframe) with a duration of 120 ms, comprising 26 TDMA frames. This multiframe is used to carry TCH (and SACCH/T) and FACCH;

‑
a 51‑ multiframe (26 per superframe) with a duration of 235,4 ms (3 060/13 ms), comprising 51 TDMA frames. This multiframe is used to carry BCCH, CCCH (NCH, AGCH, PCH and RACH) and SDCCH (and SACCH/C), or PBCCH and PCCCH.

‑
a 52-multiframe (25,5 per superframe) with a duration of 240 ms, comprising 52 TDMA frames. This multiframe is used to carry PBCCH, PCCCH (PNCH, PAGCH, PPCH and PRACH), PACCH, PDTCH, and PTCCH. The 52-multiframe is not shown in Figure 1, but can be seen as two 26-multiframes, with TDMA frames numbered from 0 to 51. For Compact, this 52-multiframe (51 per superframe) is used to carry CFCCH, CSCH, CPBCCH, CPCCCH (CPNCH, CPAGCH, CPPCH, and CPRACH), PACCH, PDTCH, and PTCCH.

‑
a 52-multiframe (25,5 per superframe) for CTS, with a duration of 240 ms, comprising 52 TDMA frames. This multiframe is used to carry CTSCCH (CTSBCH, CTSPCH, CTSARCH and CTSAGCH). The 52-multiframe for CTS is shown in Figure 2b.

A TDMA frame, comprising eight time slots has a duration of  4,62 (60/13) ms.

7.2.1.2
Channel coding for EGPRS PDTCH

Nine different modulation and coding schemes, MCS-1 to MCS-9, are defined for the EGPRS Radio Blocks (4 bursts, 20ms) carrying RLC data blocks. For the Radio Blocks carrying RLC/MAC Control blocks code CS-1 is always used. The exception are messages that use the existing Access Burst [9] (e.g. Packet Channel Request). An additional coding scheme is defined for the Access Burst that includes 11 information bits.

To ensure strong header protection, the header part of the Radio Block is independently coded from the data part of the Radio Block (8 bit CRC calculated over the header -excl. USF- for error detection, followed by rate 1/3 convolutional coding –and eventually puncturing- for error correction).

The MCSs are divided into different families A, B and C. Each family has a different basic unit of payload (see 3GPP TS  43.064 [16]). Different code rates within a family are achieved by transmitting a different number of payload units within one Radio Block. For families A and B, 1, 2 or 4 payload units are transmitted, for family C, only 1 or 2 payload units are transmitted.

When 4 payload units are transmitted (MCS-7, MCS-8 and MCS-9), these are splitted into two separate RLC blocks (i.e. with separate sequence numbers and block check sequences).

The first step of the coding procedure is to add a Block Check Sequence (BCS) for error detection.

The second step consists of adding six tail bits (TB) and a 1/3 rate convolutional coding for error correction that is punctured to give the desired coding rate.

The USF has 8 states, which are represented by a binary 3 bit field in the MAC Header. The USF is encoded to 12 symbols similarly to GPRS, (12 bits for GMSK modes and 36 bits for 8PSK modes).

Coding schemes MCS-1 to MCS-9 are mandatory for MSs supporting EGPRS. A network supporting EGPRS may support only some of the MCSs.

The details of the EGPRS coding schemes are shown in the table below. An exhaustive description of the EGPRS coding schemes can be found in 3GPP TS 45.003 [9].

Coding parameters for the EGPRS coding schemes

	Scheme
	Code rate
	Header Code rate
	Modulation
	RLC blocks per Radio Block (20ms)
	Raw Data within one Radio Block
	Family
	BCS
	Tail payload
	HCS
	Data rate
kb/s

	MCS-9
	1,0
	0,36
	8PSK
	2
	2x592
	A
	2x12
	2x6
	8
	59,2

	MCS-8
	0,92
	0,36
	
	2
	2x544
	A
	
	
	
	54,4

	MCS-7
	0,76
	0,36
	
	2
	2x448
	B
	
	
	
	44,8

	MCS-6
	0,49
	1/3
	
	1
	592

544+48
	A
	12
	6
	
	29,6

27,2

	MCS-5
	0,37
	1/3
	
	1
	448
	B
	
	
	
	22,4

	MCS-4
	1,0
	0,53
	GMSK
	1
	352
	C
	
	
	
	17,6

	MCS-3
	0,85
	0,53
	
	1
	296

  272+24
	A
	
	
	
	14,8

13,6

	MCS-2
	0,66
	0,53
	
	1
	224
	B
	
	
	
	11,2

	MCS-1
	0,53
	0,53
	
	1
	176
	C
	
	
	
	8,8


Note:
The italic captions indicate the padding.

9
Transmission and reception

The modulated stream is then transmitted on a radio frequency carrier. The frequency bands and channel arrangements are the following:

i)
GSM 450 Band;


For GSM 450, the system is required to operate in the following frequency band:


450,4 – 457,6 MHz: mobile transmit, base receive;


460,4 – 467,6 MHz: base transmit, mobile receive;

ii)
GSM 480 Band;


For GSM 480, the system is required to operate in the following frequency band:


478,8 – 486 MHz: mobile transmit, base receive;


488,8 – 496 MHz: base transmit, mobile receive;

iii)  GSM 700 Band;


For GSM 700, the system is required to operate in the following frequency band:


777 – 792 MHz: mobile transmit, base receive;



747 – 762 MHz: base transmit, mobile receive;

iv)
GSM 850 Band;


For 850, the system is required to operate in the following band:


824 - 849 MHz: mobile transmit, base receive


869 - 894 MHz: base transmit, mobile receive

v)
Standard or primary GSM 900 Band, P‑GSM;


For Standard GSM 900 Band, the system is required to operate in the following frequency band:


890 ‑ 915 MHz: mobile transmit, base receive


935 ‑ 960 MHz: base transmit, mobile receive

vi)
Extended GSM 900 Band, E‑GSM (includes Standard GSM 900 band);


For Extended GSM 900 Band, the system is required to operate in the following frequency band:


880 ‑ 915 MHz: mobile transmit, base receive


925 ‑ 960 MHz: base transmit, mobile receive

vii)
Railways GSM 900 Band, R‑GSM (includes Standard and Extended GSM 900 Band);


For Railways GSM 900 Band, the system is required to operate in the following frequency band:


876 ‑ 915 MHz: mobile transmit, base receive


921 ‑ 960 MHz: base transmit, mobile receive

viii)
DCS 1 800 Band;


For DCS 1 800, the system is required to operate in the following frequency band:


1 710 ‑ 1 785 MHz: mobile transmit, base receive


1 805 ‑ 1 880 MHz: base transmit, mobile receive

ix)
PCS 1900 Band;


For PCS 1900, the system is required to operate in the following frequency band;


1850-1910 MHz: mobile transmit, base receive


1930-1990 MHz: base transmit, mobile receive

NOTE 1:
The term GSM 400 is used for any GSM system, which operates in any 400 MHz band.

NOTE 2:
The term GSM 700 is used for any GSM system, which operates in any 700 MHz band.

NOTE 3:
The term GSM 850 is used for any GSM system, which operates in any 850 MHz band.

NOTE 4:
The term GSM 900 is used for any GSM system, which operates in any 900 MHz band.

NOTE 5:
The BTS may cover a complete band, or the BTS capabilities may be restricted to a subset only, depending on the operator needs.

Operators may implement networks on a combination of the frequency bands above to support multi band mobile stations, which are defined in GSM 02.06.

The RF channel spacing is 200 kHz, allowing for 35 (GSM 450), 35 (GSM 480), 74 (GSM 700), 124 (GSM 850), 194 (GSM 900), 374 (DCS 1 800) and 299 (PCS 1900) radio frequency channels, thus leaving a guard band of 200 kHz at each end of the sub-bands.

The specific RF channels, together with the requirements on the transmitter and the receiver will be found in 3GPP TS 45.005 (Transmission and reception) and in 3GPP TS 45.056 for the CTS-FP.

In order to allow for low power consumption for different categories of mobiles (e.g. vehicle mounted, hand‑held, ..), different power classes have been defined. For GSM 400, GSM 700, GSM 850 and GSM 900 there are four power classes with the maximum power class having 8 W peak output power (ca 1 W mean output power) and the minimum having 0,8 W peak output power. For DCS 1 800 there are three power classes of 4 W peak output power, 1 W peak output power (ca 0,125 W mean) and 0,25 W peak output power. For PCS 1900 there are three power classes of 2 watts, 1 watt and .25 watt peak output power.

Multi band mobile stations may have any combinations of the allowed power classes for each of the bands supported.

The power classes are specified in 3GPP TS 45.005 and in 3GPP TS 45.056 for CTS-FP.

The requirements on the overall transmission quality together with the measurement conditions are also in 3GPP TS 45.005 and in 3GPP TS 45.056 for CTS-FP.
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