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3
General approach

GSM 03.10 defines the PLMN connection types necessary to support the GSM PLMN data and telematic services.

Within the MS there are several different data rate adaptation functions - and a Split/Combine-function in case of a multislot data configuration - which are combined as shown in GSM 03.10 as part of the connection type.

The rate adaptation functions are RA0, RA1, RA2, RA1', RA1’’ and RA1/RA1'. The RA0, RA1 and RA2 are equivalent to those functions described in CCITT recommendation V.110 [11].

The RA1' function is similar to RA1 but has a reduced bit rate output compatible with the coding scheme proposed for data services on the radio interface.

The RA1’’ function is used for converting between synchronous user rates of 48 and 56 kbit/s and the rate 64 kbit/s. The equivalent function in CCITT recommendation V.110 does not have a name.

The RA1/RA1' is a relay function, used as indicated in GSM 03.10.

In multislot data-configurations the overall data stream is split into parallel substreams between the Split/Combine-functions.

3.1
Overview of data rates and configurations

In Table 1, an overview of the supported transparent air-interface user rates is given. For each rate, also intermediate rates per channel between BTS and MSC, overall radio interface rates, and channel configurations are given. For single slot connections the intermediate rates are per channel carrying the overall data stream, whereas for multislot connections, the intermediate rates are per substream.

In Table 2, intermediate rates within the MS, overall radio interface rates, and channel configurations are given for the air-interface user rates. The intermediate rates are per overall data stream.

For single slot rates up to 4,8 kbit/s, the used intermediate rate is 8 kbit/s, and for the 9,6 kbit/s single slot rate 16 kbit/s. 

For TCH/F9.6 and TCH/F4.8 channel codings, the multislot intermediate rates are 16 and 8 kbit/s per TCH/F, respectively. 

For TCH/F14.4 channel coding, the multislot intermediate rate is 16 kbit/s per TCH/F.

Connections utilising TCH/F28.8 or TCH/F43.2 across the radio interface, use multislot combinations of TCH/F14.4 between BTS and MSC. Thus the corresponding multislot intermediate rate is 16 kbit/s.

No multislot intermediate rates are applicable to 56 and 64 kbit/s connections using TCH/F32.0 radio interface channels. The intermediate rate for the 32 kbit/s user rate using the TCH/F32.0 channel is 32 kbit/s. 
Between the TE and the Split/Combine-function at the MS, where the overall data stream is not split, intermediate rates of 8, 16, 32 and 64 kbit/s are applicable

Table 1: AIUR/Multislot intermediate rates

Air interface user rate
DTE/DCE statuses
RA0
RA1’/RA1

RA1’/RAA’

RA1’





Multislot intermediate rate
Frame type
Radio interface rate
Padding

( 600 bit/s
X
X
8 kbit/s
80 bit frames
3,6 kbit/s


1200 bit/s
X
X
8 kbit/s
80 bit frames
3,6 kbit/s


2,4 kbit/s
X
X
8 kbit/s
80 bit frames
3,6 kbit/s


4,8 kbit/s
X
X
8 kbit/s
80 bit frames
6 kbit/s


9,6 kbit/s
X
X
16 kbit/s or 2(8 kbit/s
80 bit frames
12 kbit/s or 2(6 kbit/s


14,4 kbit/s 
X
X
2(16 kbit/s or 3(8 kbit/s
80 bit frames
2(12 kbit/s or 3(6 kbit/s
P

(note 1)




16 kbit/s

Note 7
Note 8
14,5 kbit/s


19,2 kbit/s
X
X
2(16 kbit/s or 4(8 kbit/s
80 bit frames
2(12 kbit/s or 4(6 kbit/s 


28,8 kbit/s
X
X
3(16 kbit/s
80 bit frames
3(12 kbit/s





2 x 16 kbit/s

Note 7
Note 8
2(14,5 kbit/s









1x29 kbit/s


32 kbit/s


1 x 32 kbit/s

1 x 32 kbit/s


38,4 kbit/s
X
X
4(16 kbit/s
80 bit frames
4(12 kbit/s 





3 x 16 kbit/s

Note7
Note 8
3(14,5 kbit/s
P

(note 6)

43.2 kbit/s 

Note 10
X

3 x 16 kbit/s

Note7
Note 8
1(43.2 kbit/s


48 kbit/s
X

Note 2
Note 2
5(12 kbit/s 





4 x 16 kbit/s

Note7
Note 8
4(14,5 kbit/s
P

(note 6)

56 kbit/s


Note 2
Note 2
5(12 kbit/s (note 3)





4x16 kbit/s

Note7
Note 8
4(14,5 kbit/s
P

(note 6)




Note 9
Note 9
2(32.0 kbit/s


64 kbit/s 


Note 2
Note 2
6(12 kbit/s (note 3)
P

(note 1)






5(14,5 kbit/s
(note 6)




Note 9
Note 9
2(32.0 kbit/s


P=Padding used

Table 2: AIUR / Intermediate rates

Air interface user rate
DTE/DCE statuses
RA0
RA1


RA1’





Intermediate rate
Frame type
Radio interface rate
Padding

( 600 bit/s
X
X
8 kbit/s
80 bit frames
3,6 kbit/s


1200 bit/s
X
X
8 kbit/s
80 bit frames
3,6 kbit/s


2,4 kbit/s
X
X
8 kbit/s
80 bit frames
3,6 kbit/s


4,8 kbit/s
X
X
8 kbit/s
80 bit frames
6 kbit/s


9,6 kbit/s
X
X
16 kbit/s
80 bit frames
12 kbit/s or 2(6 kbit/s


14,4 kbit/s 
X
X
32 kbit/s
80 bit frames
2(12 kbit/s 


P

(note 1)






3(6 kbit/s

1x14,5 kbit/s


19,2 kbit/s
X
X
32 kbit/s
80 bit frames
2(12 kbit/s or 4(6 kbit/s 


28,8 kbit/s 
X
X
64 kbit/s
80 bit frames
3(12 kbit/s

2(14,5 kbit/s
1(29 kbit/s



32 kbit/s


32 kbit/s

1 x 32 kbit/s


38,4 kbit/s 
X
X
64 kbit/s
80 bit frames
4(12 kbit/s







3(14,5 kbit/s
P

(note 6)

43.2 kbit/s

Note 10
X

Note 11
Note 11
1(43.2 kbit/s










48 kbit/s
X

64 kbit/s Note 4
Note 4
5(12 kbit/s







4(14,5 kbit/s
P

(note 6)

56 kbit/s


64 kbit/s Note 4
Note 4
5(12 kbit/s (note 3)







4(14,5 kbit/s
P

(note 6)






2(32.0 kbit/s


64 kbit/s  


64 kbit/s Note 5
Note 5
6(12 kbit/s (note 3)


P

(note 1)








5(14,5 kbit/s
(note 6)






2(32.0 kbit/s


P =Padding used

NOTE 1:
For information on the padding procedure, please refer to clause 10 of the present document. 

NOTE 2:
No multislot intermediate rate; substreams combined at the BSS with a resulting data rate of 64 kbit/s.

NOTE 3:
AIUR 11,2 kbit/s per channel 

NOTE 4:
For this rate GSM-specific rate adaptation function RA1’’ rather than RA1is applied.

NOTE 5:
For this rate RA1- and RA2- adaptations are not applied.

NOTE 6:
Padding used as specified for TCH/F14.4 channel codings

NOTE 7:
At the network side, RA1’/RA1 not applied; instead a TCH/F14,4-specific adaptation RA1’/RAA’ used (GSM 08.20) 

NOTE 8:
A 320-bit frame format described in GSM 08.60.

NOTE 9:
No multislot intermediate rate. Data rate between BSS and MSC 64 kbit/s.

NOTE 10:
Used only in non-transparent configurations.

NOTE 11: In NT cases there is no direct relationship between AIUR and Intermediate rate.

5
The RA1 Function

This function is used to adapt between the synchronous user rates, or the output of the RA0 function and the intermediate rate of 8, 16, 32 or 64 kbit/s.

5.1
Adaptation of synchronous data rates up to 38,4 kbit/s

Synchronous user rate
Intermediate rate

( 2,4 kbit/s
8 kbit/s

4,8 kbit/s
8 kbit/s

9,6 kbit/s
16 kbit/s

14,4 kbit/s
32 kbit/s

19,2 kbit/s
32 kbit/s

28,8 kbit/s 
64 kbit/s

32 kbit/s
32 kbit/s

38,4 kbit/s 
64 kbit/s

A CCITT V.110 80 bits frame is constructed using the user data bits received (from the RA0 in the asynchronous case), the values of the S bits are deduced from the R interface.

Adaptation of 600 bit/s to 8Kbit/s is performed by 8 times consecutive duplication of each user data bit. (Figure 9)

Adaptation of 1200 bit/s to 8 Kbit/s is performed by 4 times consecutive duplication of each user data bit. (Figure 8)

Adaptation of 2400 bit/s to 8kbit/s is performed by 2 times consecutive duplication of each user data bit. (Figure 7)

Adaptation of 4800 bit/s to 8 Kbit/s is performed by transmitting the bit stream with no duplication. (Figure 3)

Adaptation of 9600 bit/s to 16 Kbit/s is performed by transmitting the bit stream with no duplication (the emitting period is halved with respect to the 4800 bit/s case). (Figure 3)

Adaptation of 14400 bit/s to 32 Kbit/s is performed as for 3600 bit/s to 8 kbit/s (the emitting period is divided by four with respect to the 3600 bit/s case).( Adaptation of 3600 bit/s to 8 kbit/s is performed by transmitting the bit stream with no duplication.) (Figure 12)

Adaptation of 19200 bit/s to 32 Kbit/s is performed as for 4800 bit/s to 8 kbit/s (the emitting period is divided by four with respect to the 4800 bit/s case). (Figure 3)

Adaptation of 28800 bit/s to 64 Kbit/s is performed as for 3600 bit/s to 8 kbit/s (the emitting period is divided by eight with respect to the 3600 bit/s case). (Figure 12)
The intermediate rate for the 32 kbit/s user rate using the TCH/F32.0 channel is 32 kbit/s.
Adaptation of 38400 bit/s to 64 Kbit/s is performed as for 4800 bit/s 8 kbit/s (the emitting period is divided by eight with respect to the 4800 bit/s case). (Figure 3)

The CCITT V.110 80 bit frames shown in Figures 3 and 12 are used. The D bits are used to convey the user data and the S and X bits are used to convey channel control information according to GSM 07.01.

The E bits are used to convey the following information:

i)
User Data Rate - E1, E2, E3  (for single slot operation see Figure 4, and for multislot operation Figure 4 and subclause 10.7)

ii)
Network Independent Clocking - E4, E5, E6

iii)
Multiframe Synchronisation - E7

The order of transmission of the 80 bit frame is from left to right and top to bottom.

7
The RA2 Function

This procedure is based on the RA2 function as specified in ITU-T V.110 and I.460. It is used to rate adapt to/from the intermediate rates of 8, 16 or 32 kbit/s from/to the 64 kbit/s rate used at the S interface.

Intermediate rate
Rate at the S interface

8 kbit/s
64 kbit/s

16 kbit/s
64 kbit/s

32 kbit/s 
64 kbit/s

64 kbit/s 
64 kbit/s

For the intermediate- and user data rate of 64 kbit/s, the RA2 transmits the bit stream over the S-interface as it is.

It considers the 64 kbit/s stream over the S-interface to consist of octets, bits 1 through 8, with bit 1 being transmitted first.

The procedure requires that:

i)
The 8 kbit/s stream occupies bit position 1;

ii)
The 16 kbit/s bitstream occupies bit positions (1,2);

iii)
The 32 kbit/s bitstream occupies bit positions (1,2,3,4) ;

iv)
The order of transmission of the bits of the subrate stream is identical before and after rate adaptation.

v)
All unused bits in the 64 kbit/s stream are set to binary "1".

8
The RA1/RA1' Function

The RA1/RA1' function is used in transparent cases to convert between the intermediate rate and the input rate to the channel coder or the multiplexing function. This conversion also appears on the infrastructure side in both transparent and non-transparent cases as specified in GSM 08.20 except for channel codings TCH/F14.4, TCH/F28.8, TCH/F32.0, and TCH/F43.2.

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), 32.0 kbit/s (T only), 29 kbit/s (In cases where EDGE channel codings TCH/F43.2 or TCH/F28.8 are used, the RA1/RA1' function adapts the data stream to 14.5 kbit/s substreams as if multiple 14.5 kbit/s radio interface channels were used.), 14,5 kbit/s, 12 kbit/s, 6 kbit/s and 3.6 kbit/s. 
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:
Intermediate rate
Radio interface data rate

8 kbit/s
3,6 kbit/s

8 kbit/s
6 kbit/s

16 kbit/s
12 kbit/s

32 kbit/s
14,5 kbit/s

Firstly the 17 synchronization bits are removed.

Secondly the E1, E2 and E3 bits are removed. For transparent services, the values of the E1, E2, E3 bits are determined at the MT and in case of TCH/F9.6 and TCH/F4.8, at the BTS based on the indication given by outband signalling (either in the User Rate field of the BC-IE of the SETUP message for the MT or in the Channel Type information in the ASSIGNMENT REQUEST message for the BSS). For non transparent services, the coding of the E1, E2 and E3 bits is described in GSM 08.20.

Thirdly, in the 3.6 kbit/s case, half the data bits are discarded. These processes result in modified CCITT V.110 frames of sizes 60,60 and 36 bits for the 12, 6 and 3.6 kbit/s data rates respectively. The resultant modified CCITT V.110 frames for the various user data rates are shown in figures 5 ‑ 9.

Further procedures for TCH/F14.4, TCH/F 28.8, and TCH/F43.2 channel coder input rates in subclauses 8.1.1, 9.1 and 9.3, respectively.
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