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8
The Relay Functions RA1/RA1’, RA1’/RA1”, RA1’/RAA’ and RA1’/RAA”

The relay functions realise conversion on the infrastructure side in both transparent and non-transparent cases as specified in 3GPP TS 43.010.

The RA1/RA1' function shall be used for channel codings TCH/F4.8 and TCH/F9.6 if the AIUR is less than 48 kbit/s. It converts between the intermediate rate and the input rate to the channel coder. 

The RA1’/RA1” function shall be used for channel codings TCH/F4.8 and TCH/F9.6 if the AIUR is equal to 48, 56 or 64  kbit/s. It converts between the 64 kbit/s data stream and the input rate to the channel coder. 
The RA1/RA1’ and RA1’/RA1” functions only apply in A/Gb mode. In GERAN Iu mode the rate adaptation function RA1’ applies instead of that as specified in clause 10.
The RA1’/RAA’ function shall be used for channel codings TCH/F14.4, TCH/F28.8 and TCH/F43.2 if the AIUR is less than 64 kbit/s in A/Gb mode and if the AIUR is less that 56 kbit/s in GERAN Iu mode. It converts between the E-TRAU frame specified in 3GPP TS 48.060 and the input rate to the channel coder or the EDGE multiplexing function. 

The RA1’/RAA” function shall be used for channel codings TCH/F14.4 if the AIUR is equal to 64 kbit/s in A/Gb mode and if the AIUR is equal to 56 or 64 kbit/s in GERAN Iu mode. It converts between the 64 kbit/s data stream and the input rate to the channel coder.

A relay adaptation function is not needed for the channel coding TCH/F32.

8.1
Single slot rates

There are seven data rates (known as Radio Interface data rates) used for data transfer to the channel coder. These are 43,5 kbit/s (NT only), 32 kbit/s (T only), 29 kbit/s, 14,5 kbit/s, 12 kbit/s, 6 kbit/s and 3.6 kbit/s.  In cases where EDGE channel codings TCH/F43.2 or TCH/F28.8 are used, the RA1’/RAA’ function adapts the data stream to 14,5 kbit/s substreams as if multiple 14,5 kbit/s radio interface channels were used.

The 32 kbit/s user rate is identical to the 32 kbit/s intermediate rate. In this case the 32 kbit/s intermediate rate is directly mapped  to the 32 kbit/s radio interface data rate.

The 8, 16 and 64 kbit/s intermediate rates and the 32 kbit/s intermediate rate with other than 32 kbit/s user rates are adapted to the radio interface data rates as follows:

	AIUR
	Intermediate rate
	Radio interface rate 

	( 600 bit/s
	8 kbit/s
	3,6 kbit/s

	1,2 kbit/s
	8 kbit/s
	3,6 kbit/s

	2,4 kbit/s
	8 kbit/s
	3,6 kbit/s

	4,8 kbit/s
	8 kbit/s
	6 kbit/s

	9,6 kbit/s
	16 kbit/s
	12 kbit/s 

	14,4 kbit/s
	32 kbit/s
	14,5 kbit/s

	28,8 kbit/s
	64 kbit/s
	29 kbit/s (Note 2)

	43,2 kbit/s
	(Note 1)
	43,5 kbit/s(Note 2)

	Note 1: AIUR only used in non-transparent configurations. There is no direct relationship between AIUR and Intermediate rate.

Note 2: The RA1’/RAA’ function adapts the data stream to 14,5 kbit/s substreams as if multiple 14,5 kbit/s radio interface channels were used.


8.1.1
Radio interface rate of 14,5 kbit/s

The RA1’/RAA’ function converts between the E-TRAU frame and the 290 bit blocks from the channel coder. The E-TRAU frames are defined in TS 48.060. The 290 bit blocks  carry 288 data bits and the control bits M1 and M2 as specified in section 10.3.1 and 10.3.2. 

8.1.2
Radio Interface rate of 12 kbit/s

In this case one modified ITU-T V.110 60 bit frame is received/sent from/to the radio interface every 5ms (see 3GPP TS 45.003 ). The RA1/RA1' function adds/subtracts the 17 bit synchronization pattern and the E1,E2 and E3 bits to/from each ITU-T V.110 80 bit frame as follows:

The modified ITU-T V.110 60 bits frame received/sent from/to the radio interface at 12 Kbit/s (Figure 5),

	D1
	D2
	D3
	D4
	D5
	D6
	S1

	D7
	D8
	D9
	D10
	D11
	D12
	X

	D13
	D14
	D15
	D16
	D17
	D18
	S3

	D19
	D20
	D21
	D22
	D23
	D24
	S4

	E4
	E5
	E6
	E7
	D25
	D26
	D27

	D28
	D29
	D30
	S6
	D31
	D32
	D33

	D34
	D35
	D36
	X
	D37
	D38
	D39

	D40
	D41
	D42
	S8
	D43
	D44
	D45

	D46
	D47
	D48
	S9
	
	
	


is converted into the following a ITU-T V.110 80 bits frame at 16 Kbit/s (Figure 3):

	0
	0
	0
	0
	0
	0
	0
	0

	1
	D1
	D2
	D3
	D4
	D5
	D6
	S1

	1
	D7
	D8
	D9
	D10
	D11
	D12
	X

	1
	D13
	D14
	D15
	D16
	D17
	D18
	S3

	1
	D19
	D20
	D21
	D22
	D23
	D24
	S4

	1
	E1
	E2
	E3
	E4
	E5
	E6
	E7

	1
	D25
	D26
	D27
	D28
	D29
	D30
	S6

	1
	D31
	D32
	D33
	D34
	D35
	D36
	X

	1
	D37
	D38
	D39
	D40
	D41
	D42
	S8

	1
	D43
	D44
	D45
	D46
	D47
	D48
	S9


In the case of the non transparent services, bits S1, X, S3, S4, E4, E5, E6, E7, S6, X (second occurrence), S8, and S9 carry bits D'1, D'2, D'3, D'4, D'5, D'6, D'7, D'8, D'9, D'10, D'11, and D'12, respectively.

For a modified ITU-T V.110 60 bit frames received from the radio interface, the received D, S and X bits or D and D' bits are set to the same value as the transmitted bits. Bits E1, E2, E3 are set according to the user data rate as shown in figure 4 for the transparent services, or the RLP multiframe and DTX indication as per 3GPP TS 48.020 in the non transparent case.

For modified ITU-T V.110 60 bit frames transmitted over the radio interface, the received D, S, and X bits or D and D' are set to the same value as the transmitted bits. Bits E1, E2, E3 are discarded.

8.1.3
Radio Interface rate of 6 kbit/s

In this case one modified ITU-T V.110 60 bit frame is received/sent from/to the radio interface every 10 ms (see 3GPP TS 45.003). The RA1/RA1' function adds/subtracts the 17 bit synchronization pattern and the E1, E2 and E3 bits to/from each ITU-T V.110 80 bit frame as follows:

The modified ITU-T V.110 60 bits frame received/sent from/to the radio interface at 6 Kbit/s (Figure 6),

	D1
	D2
	D3
	D4
	D5
	D6
	S1

	D7
	D8
	D9
	D10
	D11
	D12
	X

	D13
	D14
	D15
	D16
	D17
	D18
	S3

	D19
	D20
	D21
	D22
	D23
	D24
	S4

	E4
	E5
	E6
	E7
	D25
	D26
	D27

	D28
	D29
	D30
	S6
	D31
	D32
	D33

	D34
	D35
	D36
	X
	D37
	D38
	D39

	D40
	D41
	D42
	S8
	D43
	D44
	D45

	D46
	D47
	D48
	S9
	
	
	


is converted into the following a ITU-T V.110 80 bits frame at 8 Kbit/s (Figure 3):

	0
	0
	0
	0
	0
	0
	0
	0

	1
	D1
	D2
	D3
	D4
	D5
	D6
	S1

	1
	D7
	D8
	D9
	D10
	D11
	D12
	X

	1
	D13
	D14
	D15
	D16
	D17
	D18
	S3

	1
	D19
	D20
	D21
	D22
	D23
	D24
	S4

	1
	E1
	E2
	E3
	E4
	E5
	E6
	E7

	1
	D25
	D26
	D27
	D28
	D29
	D30
	S6

	1
	D31
	D32
	D33
	D34
	D35
	D36
	X 

	1
	D37
	D38
	D39
	D40
	D41
	D42
	S8

	1
	D43
	D44
	D45
	D46
	D47
	D48
	S9


In the case of the non transparent services, bits S1, X, S3, S4, E4, E5, E6, E7, S6, X (second occurrence), S8, and S9 carry bits D'1, D'2, D'3, D'4, D'5, D'6, D'7, D'8, D'9, D'10, D'11, and D'12, respectively.

For a modified ITU-T V.110 60 bit frames received from the radio interface, the received D, S and X bits or D and D' bits are set to the same value as the transmitted bits. Bits E1, E2, E3 are set according to the user data rate as shown in figure 4 for the transparent services, or the RLP multiframe and DTX indication as per 3GPP TS 48.020 in the non transparent case.

For modified ITU-T V.110 60 bit frames transmitted over the radio interface, the received D, S, and X bits or D and D' bits are set to the same value as the transmitted bits. Bits E1, E2, E3 are discarded.

This process is identical to that used for the 12 kbit/s case except that the frame repetition rates are halved.

8.1.4
Radio Interface rate of 3,6 kbit/s (transparent services only)

In this case one modified ITU-T V.110 36 bit frame is received/sent from/to the radio interface every 10ms (see 3GPP TS 45.003 [5]). The RA1/RA1' function adds/subtracts the 17 bit synchronization pattern and the E1, E2 and E3 bits to/from each ITU-T V.110 80 bit frame as follows:

For the AIUR of 2,4 kbit/s the modified ITU-T V.110 36 bits frame received/sent from/to the radio interface at 3.6 kbit/s (Figure 7a),

	D1
	D2
	D3
	S1
	D4
	D5
	D6
	X

	D7
	D8
	D9
	S3
	D10
	D11
	D12
	S4

	E4
	E5
	E6
	E7
	D13
	D14
	D15
	S6

	D16
	D17
	D18
	X
	D19
	D20
	D21
	S8

	D22
	D23
	D24
	S9
	
	
	
	


is converted into the following a ITU-T V.110 80 bits frame at 8 Kbit/s (Figure 7b):

	0
	0
	0
	0
	0
	0
	0
	0

	1
	D1
	D1
	D2
	D2
	D3
	D3
	S1

	1
	D4
	D4
	D5
	D5
	D6
	D6
	X

	1
	D7
	D7
	D8
	D8
	D9
	D9
	S3

	1
	D10
	D10
	D11
	D11
	D12
	D12
	S4

	1
	E1
	E2
	E3
	E4
	E5
	E6
	E7

	1
	D13
	D13
	D14
	D14
	D15
	D15
	S6

	1
	D16
	D16
	D17
	D17
	D18
	D18
	X 

	1
	D19
	D19
	D20
	D20
	D21
	D21
	S8

	1
	D22
	D22
	D23
	D23
	D24
	D24
	S9


Figure 8 and 9 show the bit mappings for the AIUR of 1200 and 600 bit/s.

For modified ITU-T V.110 36 bit frames transmitted to the radio interface, E1, E2, E3 are discarded. For modified ITU-T V.110 36 bit frames received from the radio interface, E1, E2, E3 are set as shown in figure 4.

NOTE:
The action to be taken in the case where two bits which should have the same value (e.g. bits noted D1) are received with different values is for further study.

8.1.5
Synchronisation

In GERAN Iu mode, the BSS shall perform the synchronisation towards the MS according to the procedures defined for the A/Gb mode in 3GPP TS 29.007 with the modification that the the indication of "physical connection established" is given on sending the message RAB ASSIGNMENT COMPLETE.
8.1.6
Idle frames
Whenever no data is received from the radio interface (e.g. frame stealing applies, layer 2 fill frames are received, etc.) idle frames shall be created. These are V.110 frames with frame alignment pattern according to ITU-T V.110 [11] and all data, status and E-bits set to binary "1".
8.2
Multislot rates

In multislot operation the transmission is performed using parallel substreams between the Split/Combine-functions.

8.2.1
AIURs up to 38,4 kbit/s using TCH/F9.6 and TCH/F4.8 channel codings

	AIUR
	Intermediate rate
	Radio interface rate 

	9,6 kbit/s
	16 kbit/s
	2×6 kbit/s

	14,4 kbit/s
	32 kbit/s
	2×12 or 3×6 kbit/s  

	19,2 kbit/s
	32 kbit/s
	2×12 or 4×6 kbit/s  

	28,8 kbit/s
	64 kbit/s 
	3×12 kbit/s 

	38,4 kbit/s
	64 kbit/s 
	4×12 kbit/s 


In these cases, the data stream is mapped from 80-bit intermediate rate frames into modified frames of 60 bits for radio-interface transmission as specified in subclause 8.1 for 12 kbit/s and 6 kbit/s except for the following cases:

For AIURs 14,4 and 28,8 kbit/s using channel codings TCH/F4.8 and TCH/F9.6, respectively, four consecutive V.110 80-bit frames (Figure 12) are mapped onto three consecutive modified 60-bit V.110 (Figure 5 or 6) frames at the MS. The 4(36 data bits in the 80-bit frames are mapped onto the 3(48 data bits in the 60-bit frames. However, bits E4-E7 in the 80-bit frames are mapped onto the E4-E7 bits in the 60-bit frames when their value indicate either positive or negative compensation (NIC; See subclause 5.1.1). The E4-E7 bits that indicate 'No compensation' in the 80-bit frames need not be mapped onto the 60-bit frames. The S- and X-bits in every fourth 80 -bit frame are not mapped onto the 60-bit frames. When radio interface rate of 2 ( 12 kbit/s is used for carrying AIUR 14,4 kbit/s, padding is used in the 60-bit frames of the higher substream number (Subclause 11.6).

For substream numbering information, please refer to subclause 10 of the present document.

8.2.2
AIURs up to 64 kbit/s using TCH/F14.4 channel coding

	AIUR
	Intermediate rate
	Radio interface rate 

	28,8 kbit/s
	64 kbit/s 
	2×14,5 

	38,4 kbit/s
	64 kbit/s
	3×14,5 

	48 kbit/s
	64 kbit/s 
	3×14,5 

	56 kbit/s
	64 kbit/s 
	4×14,5 

	64 kbit/s
	64 kbit/s 
	5×14,5 


For AIURs < 64 kbit/s in A/Gb mode and for AIURs < 56 kbit/s in GERAN Iu mode, the RA1’/RAA’ function extracts the eight 36 data bit blocks in the E-TRAU frames and sends them through the substreams in data blocks containing eight 36-bit frames as described in subclause 10.3. 

For AIUR of 64 kbit/s in A/Gb mode and for AIURs of 56 and 64 kbit/s, the RA1’/RAA” function sends the data bits in the 64 kbit/s data stream through the substreams in data blocks containing eight 36-bit frames as described in subclause 10.3. In GERAN Iu mode the data are provided in 640 bits size SDUs. For 56 kbit/s, the last bit of each octet is set to “1”.  

An M1/M2-bit pair is sent over the radio-interface along with each data block every 20 ms. These bits carry the multiframe, substream number, V.24 status, and NIC information as described in subclauses 10.3.1 and 10.3.2.
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