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1
Scope

The present document specifies the mapping of the AMR generic frame format (3GPP TS 26.101) to the Iu Interface (3GPP TS 25.415 [7]), the Uu Interface and the Nb Interface (3GPP TS 29.415). It further specifies the mapping of Enhanced Full Rate (GSM_EFR) coded speech and of PCM 64 kBit/s (ITU-T G.711 [9]) coded speech to the Nb Interface.
The present document also specifies the mapping of Full Rate (GSM_FR) coded speech and of Half Rate (GSM_HR) coded speech to the Nb Interface in a BICC-based circuit switched core network.
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8
Nb Interface User Plane (CN)

The data structures exchanged on the Nb interface are symmetrical, i.e. the structures of the sent and received data frames are identical. 

8.1
Frame structure on the Nb UP transport protocol

Delivery of erroneous SDUs for AMR and GSM_EFR data and PCM coded speech on the Nb interface shall be set to: "YES".

Erroneous speech frames may be used to assist the error concealment procedures. Therefore, according to [1] and [7], PDU Type 0 (with payload CRC) shall be used for the transport of AMR and GSM_EFR coded speech on the Nb interface. 
PDU Type 0 (with payload CRC) shall be used for the transport of PCM coded speech on the Nb interface, too.

8.1.1
Initialisation

The initialisation procedure is used for support mode. At the initialisation several parameters are set by the CN. The initialisation procedure for the Nb Interface is described in [7].

8.1.2
Time Alignment Procedure

The handling of Time Alignment on the Nb Interface is described in [7].
The Time alignment procedure shall be dismissed in case of TFO and TrFO.

8.2
Mapping of the bits

8.2.1
Mapping for AMR frames

The mapping of the bits between the generic AMR frames and the PDU for the Nb Interface is identical to the mapping on the Iu Interface. In case of TrFO the MGW relays the AMR frames from the Iu Interface unaltered to the Nb Interface and vice versa, as described in [7].

8.2.2
Mapping for PCM Coded Speech

In case of transcoding within the MGW from PCM coded speech to AMR frames and vice versa the mapping for the PCM coded speech in 5ms frames on the Nb Interface shall be as defined in Table 8-1.

Table 8-1: Mapping of PCM Coded Speech in 5 ms frames onto Nb PDU, Type 0

	PDU field
	Comment

	PDU Type
	Type 0 (with Payload CRC)

	Frame Number
	as defined in [7]

	FQC
	set to "good"

	RFCI
	initialise by MGW, see [7],
one value required 

	Header CRC
	as defined in [7]

	Payload CRC
	as defined in [7]

	
	

	Payload Field
	40 octets of PCM coded speech,
in accordance with [8].


In case of transcoding within the MGW from PCM coded speech to AMR frames and vice versa the mapping for the PCM coded speech in 20ms frames on the Nb Interface shall be as defined in Table 8-2.
Table 8-2: Mapping of PCM Coded Speech in 20ms frames onto Nb PDU, Type 0

	PDU field
	Comment

	PDU Type
	Type 0 (with Payload CRC)

	Frame Number
	as defined in [7]

	FQC
	set to "good"

	RFCI
	initialised by MGW, see [7],
one value required 

	Header CRC
	as defined in [7]

	Payload CRC
	as defined in [7]

	
	

	Payload Field
	4x40 octets of PCM coded speech,
in accordance with [8].


5ms is the default packetisation time to be supported for PCM encoded speech over Nb. 20ms is an additional optional packetisation time for PCM encoded speech over IP Nb bearer that may be negotiated during bearer establishment as specified in [10]. 

Note: 
the use of 20ms packetisation time will result in higher delays over the speech path compared to the 5ms packetisation time. This potentially higher delay should be taken into account in the overall end to end (ear to mouth) delay budget.
8.2.3
Mapping for GSM_EFR frames

The mapping of the bits between the generic GSM_EFR frames and the PDUs for the Nb Interface follows the same principles as the mapping of AMR frames. The PDU for the GSM_EFR speech frame is identical to the PDU for AMR Mode 12.2 kbps. The PDU for the GSM_EFR SID frame is similar to the PDU for AMR SID, with 43 instead of 39 bits in the payload field.
8.2.4
Mapping for GSM_FR frames

The mapping of GSM_FR-coded speech in 20ms frames on the Nb Interface shall be as defined in Table 8.2.4.1.

Table 8.2.4.1: Mapping of GSM_FR-coded speech in 20ms frames onto Nb PDU, Type 0

	PDU field
	Comment

	PDU Type
	Type 0 (with Payload CRC)

	Frame Number
	as defined in [7]

	FQC
	see below

	RFCI
	initialise by MGW, see [7], one value required 

	Header CRC
	as defined in [7]

	Payload CRC
	as defined in [7]

	
	

	Payload Field
	33 octets, see below



Payload field:
The 260 bits of GSM_FR-coded speech (b1…b260) are defined in TS 46.010, chapter 1.7. They are copied into the 33 octets of the Payload field as follows. The four most significant bits (bit 8….5) of the first octet (octet 1) of the Nb Payload field are set to a “signature” of 0b1101 = 0xD. Then the four most significant bits (b6…b3) of the first GSM_FR parameter (LAR 1) are copied into the next bits (bit 4…1) of the first octet. The two least significant bits of the first GSM_FR parameter (LAR 1) are copied into the next octet (octet 2) into the 2 MSBs (bit 8…7), and so on. Each GSM_FR parameter is copied bit by bit with its most significant bit first. The least significant bit of the last GSM_FR parameter (b258 of RPE-pulse no.13) is placed in the LSB (bit 1) of octet 33. The coding of SID frames is based on the coding of Speech frames by setting the 95 bits of the so called “SID-Codeword” all to “1”.
Note: The Payload field for Nb frames is filled in exactly the same way as the Payload field in RFC 3551 for GSM_FR.
Note: It is for further study, whether to define a second, separate, shorter payload field for SID frames.

The FQC bit is set by the MGW depending on the call case:
1. FQC is set to "good", if the GSM_FR-compression and coding is performed within the MGW 

2. FQC is set to “good”, if GSM_FR-coded speech is received without frame quality indication

3. FQC is derived from the input frame, if FQC or a similar frame quality indication is specified there.
In case of GSM_FR-coded speech received via TFO frames (see TS 28.062) the FQC bit is derived from the “Bad Frame Indication” (BFI) of these TFO frames. Speech frames and SID frames marked with BFI set to “good” shall be sent with FQC set to “good”.  Speech frames and SID frames marked with BFI set to “bad” shall not be sent in order to save bandwidth on Nb. 

8.2.5
Mapping for GSM_HR frames

The mapping of GSM_HR-coded speech in 20ms frames on the Nb Interface shall be as defined in Table 8.2.5.1.

Table 8.2.5.1: Mapping of GSM_HR-coded speech in 20ms frames onto Nb PDU, Type 0

	PDU field
	Comment

	PDU Type
	Type 0 (with Payload CRC)

	Frame Number
	as defined in [7]

	FQC
	see below

	RFCI
	initialise by MGW, see [7],
one value required 

	Header CRC
	as defined in [7]

	Payload CRC
	as defined in [7]

	
	

	Payload Field
	14 octets, see below



The 112 bits of GSM_HR-coded speech (b1…b112) are defined in TS 46.020, Annex B, in the order of occurrence. The first bit (b1) of the first parameter is placed in bit 8 (the MSB) of the first octet (octet 1) of the Nb Payload field; the second bit is placed in bit 7 of the first octet and so on. The last bit (b112) is placed in the LSB (bit 1) of octet 14. The coding of SID frames is based on the coding of Speech frames in MODE 0 by using only the first 33 bits for SID parameters and by setting the remaining 79 bits all to “1”.

Note: The Payload field for Nb frames is filled in exactly the same way as the Payload field in RFC <GSM_HR>.
Note: It is for further study, whether to define a second, separate, shorter payload field for SID frames.

The FQC bit is set by the MGW depending on the call case:

1. FQC is set to "good", if the GSM_HR-compression and coding is performed within the MGW 

2. FQC is set to “good”, if GSM_HR-coded speech is received without frame quality indication

3. FQC is derived from the input frame, if FQC or a similar frame quality indication is specified there.
In case of GSM_HR-coded speech received via TFO frames (see TS 28.062) the FQC bit is derived from the “Extended control bits” (XC1 to XC5) for 8kbps submultiplexing (specified in TS 48.061, chapter 5.2.4.1.1 and partly reprinted here for ease of reading) as defined in table 8.2.5.2.

Table 8.2.5.2: The FQC bit for GSM_HR-coded Nb frames derived from TFO frames

	FQC
	XC1
	XC2
	XC3
	XC4
	XC5
	Meaning (in Abis frames with 8kbps submultiplexing)

	good
	6 0
	7 0
	8 0
	9 0
	10 0
	Good speech frame with UFI = 0






(BFI=0, SID=0, TAF=1) 





(BFI=0, SID=0, TAF=0)

	bad*
	11 0
	12 0
	13 0
	14 0
	15 1
	Unreliable speech frame (if speech decoder is in speech decoding mode) 
or unusable frame (if speech decoder is in comfort noise insertion mode) with UFI = 1








(BFI=0, SID=0, TAF=1) 





(BFI=0, SID=0, TAF=0)

	good
	16 0
	17 0
	18 0
	19 1
	20 0
	Valid SID frame with UFI = 0







(BFI=0, SID=2, TAF=1) 





(BFI=0, SID=2, TAF=0)

	bad
	21 0
	22 0
	23 0
	24 1
	25 1
	Invalid SID frame with UFI = 1






(BFI=0, SID=2, TAF=1) 





(BFI=0, SID=2, TAF=0)

	bad
	26 0
	27 1
	28 0
	29 0
	30 0
	Invalid SID frame at TAF=0 with UFI = 0





(BFI=0, SID=1, TAF=0) 





(BFI=1, SID=1, TAF=0) 





(BFI=1, SID=2, TAF=0)

	bad
	31 0
	32 1
	33 0
	34 0
	35 1
	Invalid SID frame at TAF=0 with UFI = 1





(BFI=0, SID=1, TAF=0)





(BFI=1, SID=1, TAF=0)





(BFI=1, SID=2, TAF=0)

	bad
	36 0
	37 1
	38 0
	39 1
	40 0
	Invalid SID frame at TAF=1 with UFI = 0





(BFI=0, SID=1, TAF=1)





(BFI=1, SID=1, TAF=1)





(BFI=1, SID=2, TAF=1)

	bad
	41 0
	42 1
	43 0
	44 1
	45 1
	Invalid SID frame at TAF=1 with UFI = 1





(BFI=0, SID=1, TAF=1)





(BFI=1, SID=1, TAF=1)





(BFI=1, SID=2, TAF=1)

	bad*
	46 0
	47 1
	48 1
	49 0
	50 0
	Bad speech frame or unusable frame at TAF = 0 with UFI = 0





(BFI=1, SID=0, TAF=0)

	bad*
	51 0
	52 1
	53 1
	54 0
	55 1
	Bad speech frame or unusable frame at TAF = 0 with UFI = 1





(BFI=1, SID=0, TAF=0)

	bad*
	56 0
	57 1
	58 1
	59 1
	60 0
	Bad speech frame or unusable frame at TAF = 1 with UFI = 0





(BFI=1, SID=0, TAF=1)

	bad*
	61 0
	62 1
	63 1
	64 1
	65 1
	Bad speech frame or unusable frame at TAF = 1 with UFI = 1





(BFI=1, SID=0, TAF=1)



Speech frames and SID frames marked in Table 8.2.5.2 with FQC set to“good” shall be sent. 
Frames marked in Table 8.2.5.2 with FQC set to “bad*” or “bad” shall not be sent in order to save bandwidth on Nb.

Note: the abbreviations “UFI” (unreliable frame indication), “BFI” (bad frame indication), “SID” (Silence Descriptor) and “TAF” (Time Alignment Flag) are defined in 3GPP TS 46.041.
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