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The attached draft CR is based on the currently latest draft of TR 43.903-004 and it’s a revision of the Ericsson Draft CR E7 to TR 43.903 contained in GP-080268.
It proposes to add text to chapter 7. 
Since chapter 7 was empty (except the structure), to simplify the reading, the initial suggested changes in GP-080268 contain no revision marks, which are only used for the changes discussed in the AoIP offline session.
--------------------- Begin of Changes ---------------------------------
7.
Study Results, Control Plane

7.1
Control Plane Principles
Introducing IP as Transport Layer for the User Plane on the A-interface necessitates accommodations of the BSSMAP and GCP signalling. The following items are identified and discussed in the following sub-sections:
1. Exchange of Transport Layer Information, 
i.e. exchange of IP-Address plus UDP-Port-Number between BSS and MGW
 

2. Need for a Call Identifier (Call-ID) for A over IP

3. Exchange of Codec Information, 
i.e. BSS Capability and MSC Preference

4. Location of Transcoder Resources in BSS or CN


5. Exchange of RTP Parameters.
7.1.1
 Exchange of Transport Layer Information
It is proposed that the A-interface User Plane connection between Core Network and BSS is dynamically established for every call. Transport Layer information has to be exchanged between MGW and the user plane peer node in BSS.
The following information is identified as mandatory transport layer information:

- IP-Address

- UDP-Port-Number
The conceptual view of the exchange procedure is shown in Figure 7.1.1-1.  The Transport Layer information is tunnelled through different signalling connections using the following protocols:

- GCP (H.248) protocol between MGW and MSC and vice versa

- BSSMAP between MSC and BSC (BSS) and vice versa
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Figure 7.1.1-1:
Conceptual exchange of Transport Layer Information
After the MSC has decided to use/offer AoIP for the call the following signalling sequence is proposed:
· The MSC sends an ADD.REQuest to the MGW to prepare for the IP Transport Layer using a new GCP procedure “Prepare IP Transport for A Interface”. The MGW establishes the connection end point. The Transport Layer information of the connection end point is passed inside a new Information Element called “AoIP Container” back to the MSC.
· The MSC forwards the new AoIP Container transparently to the BSS using an enhanced BSSMAP Assignment Request message. The BSS performs channel assignment. As part of the assignment procedure the Transport Layer information of the local connection end point inside BSS is put into another AoIP Container, which is sent back to the MSC within the BSSMAP Assignment Complete message.
· The MSC forwards the received AoIP Container transparently to the MGW using the existing procedure Modify IP Transport Address. 

Figure 7.1.1-2 below shows a possible signalling sequence to exchange Transport Layer information between MGW and BSS. 
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Figure 7.1.1-2: Exchange of Transport Layer Information via a new AoIP-Container
It is for further study whether to use an AoIP-Container or to use individual IEs for IP-Address and UDP-Port-Number.

The current working assumption is to use an AoIP-Container.
7.1.2 Need for a Call Identifier (Call-ID) for A over IP
In the legacy architecture, either the MSC or the BSC seizes a CIC (Circuit Identity Code). If the MSC seizes the CIC, it sends it to the BSS at BSSMAP Assignment Request. The CIC identifies a physical connection to be used in the transport layer. This identifier is also used as Call Identifier Code.
For the new AoIP standard there is need for a similar Call Identifier Code (named it here “Call-ID”), by which a call in MSC and BSC could be identified uniquely. This Call-ID would be helpful in case the SCCP connection between BSC and MSC gets lost and one side has to tell the other, by means of the RESET RESOURCE message, which call has to be released. The Call-ID would be especially helpful in A-flex (MSC in Pool), where in an error case a list of calls may need to be cleared. The Call-ID could be a bearer-independent (e.g. 32-bit) number, or it could be the pair of (IP-address+UDP-port)s. The latter is bearer-dependent and much longer.
Another way of clearing calls could be to rely on User Plane RTCP signalling. However, this would modify the current behaviour based on explicit BSSMAP signaling

The current working assumption is to use BSSMAP signalling (RESET RESOURCE/RESET RESOURCE ACKNOWLEDGE) to release hanging calls. Whether the Call-ID will be a bearer-independent number, or the pair of (IP-address+UDP-port)s is still tbd. 
7.1.3 Exchange of Codec Information
PCM is used as Codec Type on the A-interface User Plane, when TDM is used as bearer. Replacing the transport with IP suggests a change of the Codec, because PCM is not the most efficient Codec over IP. The 3GPP Codec Type that is used on the air interface could be reused on the A-interface User Plane, when IP is used as bearer, without any loss in quality. This is needed at least when TrFO operation is required. This also supports the option of moving transcoder resources from BSS to the Core Network.

7.1.3.1 Exchange of Codec Information at Call Establishment

When the MSC seizes the (IP) termination in the MGW for the AoIP connection endpoint, the MSC provides also Codec information to the MGW. It is proposed to reuse the mechanism applied for the termination seizure on Iu over IP. The Codec information is passed in the “A Codec” property as defined in H.248. This Codec Information reflects the “MSC-Preferred Codec Type and Configuration”.

Then the MSC sends the Codec information towards the BSS within the BSSMAP Assignment Request message. This Codec Information contains the MSC Preferred Codec Type, but also other, alternative Codec Types. The current Information Element defined for AoTDM should be enhanced or replaced, because in addition to the Codec Type also Codec Configuration information should be sent in case of AMR and AMR-WB Codec Types.
Therefore a new Information Element (called “MSC-PCL”, MSC preferred Codec List) is defined for transporting this Codec information to the BSS. The MSC-PCL is a prioritized list of all Codecs offered to BSS for channel assignment. The MSC-Preferred Codec Type is the first one in the MSC-PCL. It matches the Selected Codec (SC) within the Core Network in the best possible way. This MSC-PCL replaces the existing information (permitted speech version identifier, also called Speech Coder Version List, SCVL) coded within Channel Type IE octets 5, 5a, 5b and afterwards. 
In addition the new MSC-PCL contains also information on transcoder resource location and interface type.
The BSS has in principle the freedom to select any Codec Type from the received MSC-PCL. The BSS is not mandated to select the MSC-Preferred Codec Type, but it should do so whenever possible. BSS internal algorithms may result in rare cases in the selection of another Codec Type from the MSC-PCL. Therefore the BSS provides information about the finally chosen Codec (“Speech Version (chosen)”) within the BSSMAP Assignment Complete message. If the chosen Codec is different to the MSC-Preferred Codec Type, already selected within the MGW, then the MSC has to MODify the MGW termination with the new Codec information.
Note1: also the information element ‘Speech Version (chosen)’ should be enhanced to include the chosen Codec Configuration for AMR and AMR-WB Codec Types. It is proposed to introduce a new Information Element “Speech Codec (chosen)” for that purpose.
In order to reduce the number of case,  when the BSS has to select a Codec Type different from the Codec Type prioritized by the MSC, the BSS informs the MSC for each call about the availability of resources to support different 3GPP Codec Types. This information has to be provided before the MSC starts the end-to-end Codec Negotiation. 
One proposal is to use a “per call” approach by introducing a new Information Element “BSC-SCL” (BSC Supported Codec List), which the BSC appends the BSC-SCL to the BSSMAP Complete Layer 3 Information message. If MSC detects that this new BSC-SCL is related to a speech call, then it uses this information for end-to-end codec negotiation and for codec pre-selection for the RAN interface. In case MSC receives the information for any other transaction (for example MSC receives BSC-SCL for a data call), it is proposed to store this BSC-SCL in case a subsequent speech call is triggered afterwards, where the stored BSC-SCL can be used for this speech call’s codec negotiation. 
Another proposal is to provide BSC-SCL information for the whole BSS area (all Codec Types in all cells) in one or more messages in a periodical or on-demand manner. In these messages the BSS could report all its codec capabilities or only the codec capabilities it wants to dynamically communicate to the MSC. It would be up to BSS implementation and operators’ deployment strategy (by O&M setting) to decide which of the actual codec capabilities should be reported. The MSC would have to store the whole list of BSC-SCLs until a new update is available.. The BSC-SCL information could be sent by reusing and slightly expanding the existing two BSSAP messages RESOURCE REQUEST/RESOURCE INDICATION pair (see TS48.008) on a cell basis. The overall architecture and signalling are shown in figure 7.1.3.1-1 below.

[image: image3.emf]MSC 1

BSS 1

Assignment Request

(MSC-PCL 1: SC,+

…

)

Assignment Complete

(Speech Codec (chosen) = SC)

Complete Layer 3 

( Doesn’t change)

MSC 2

BSS 2

OoBTC (SCL)

Complete Layer 3 

OoBTC (SC)

Assignment Request

(MSC-PCL 2: SC,+

…

)

Assignment Complete

(Speech Codec (chosen) = SC)

User Plane established end-to- end transcoding free with AoIP -NboIP -AoIP

DTAP, Setup(MS-SCL 1)

DTAP,Call Confirm (MS-SCL 2)

Resource Reuest

Resource Indication 1

Resource Indication m

…

-

( Doesn’t change)

Resource Reuest

Resource Indication 1

Resource Indication m

…

 Figure 7.1.3.1-1: BSS-SCL information exchange “per whole BSS”
Note 2: if there is concern that the stored BSC-SCL can be outdated for a subsequent speech call, an optional ‘pull BSC-SCL’ procedure can be implemented to fetch the up to date codec capabilities of the BSC whenever needed.
Example: The BSS decided to prohibit the usage of full rate channels due to high load in the served cell. In that case the BSS indicates within the BSC-SCL to MSC that only half rate codec types are allowed.
The current working assumption is to transmit the BSC-SCL per call.

Note 3: the default Codec Type GSM-FR shall never be excluded by the BSS in the BSC-SCL, but it will be used only in very rare cases, e.g. when the MS does not support any other Codec Type.
7.1.3.2 Exchange of Codec Information at Handover

In the (traffic channel) handover procedure the BSSMAP Complete Layer 3 message is not always exchanged. The MSC does therefore not always receive the Codec resource information (BSC-SCL) of the new, target BSS before it requests channel assignment in the BSSMAP Handover Request. 
In these cases the MSC has to guess what the target BSS supports. It can be shown, that this is not a serious drawback. The best an MSC can do - in every handover situation - is to offer a Codec Type that is compatible to the already fixed SC in the Core Network as Preferred RAN Codec Type. If this Codec is accepted by the target BSC, then the optimal Codec combination is reached for this handover case. If this Codec is not accepted by the target BSC, then there are good reasons and the early knowledge of the BSC-SCL could not change these.

The MSC does in general also not know, which Interface Types (AoIP and/or AoTDM) the target BSS supports for this handover event. Consider that an Interface Type may not be provided at all, or it could be temporarily unavailable, e.g. due to overload or failure. Therefore both Interface Types may be offered in the MSC-PCL. Alternatively the MSC could use a ‘pull BSC-SCL’ procedure to get the most updated target BSC-SCL to construct the MSC-PCL for the BSSMAP Handover Request message. This is, however, slower and needs more signalling on the A-Interface and has no obvious strong advantage.
The current working assumption is that it shall be possible for the CN to offer both, AoIP and AoTDM, Interface Types in parallel, if the MSC has no other information to decide the Interface Type. But offering two termination types will not be mandatory. In this case, if the interface type chosen by the MSC cannot be supported – for that call - by the target BSS, a new reject cause (e.g. “interface not available”) shall be used, so that the CN can issue a new request using the other interface type.
The new, target BSC may provide its BSC-SCL in the BSSMAP Handover Request Acknowledge message or in the BSSMAP Handover Failure message. The MSC may use this information for the potential, optional subsequent Codec Re-Negotiation procedures within the Core Network or to initiate a new channel assignment request in case the first channel assignment request failed (rare case).

7.1.4 Location of Transcoder Resource in BSS or CN
The proposed new Information Elements (BSC-SCL and MSC-PCL) provide flexible means to negotiate and select the location of the transcoder resource, if needed, either within the BSS or within the Core Network. By flexible setting different bits within the BSC-SCL, the BSC can indicate to the MSC for each Codec Type, whether the BSS has the transcoder resource or not. The MSC can indicate by setting the corresponding bits within the MSC-PCL, whether it requests the BSS to support the transcoding to PCM or whether the BSS shall not perform transcoding.

In this way the existing transcoder resources of a legacy BSS can be efficiently reused after the upgrade to AoIP. Existing transcoder pools within the BSS for a specific Codec Type can be expanded within the MGW for growing traffic demands.
7.1.5 Exchange of RTP Parameters
The IETF-standardized RTP Profiles for 3GPP Codecs offer quite some flexibility. 
Examples are: Payload Type, Redundancy, Packetization Time, etc.
These RTP Parameters must be either pre-defined per 3GPP- standardization (simplest, but least flexible solution) or the exchange of these RTP Parameters must be defined. 

This is for further study.

The current working assumptions are:

· pre-defined fixed RTP Payload Type per Codec shall be used, 
· it shall be possible to use Redundancy (especially for CS data services)
For G.711 over IP, it is still ffs whether a 5ms or a 20 ms packetization time shall be used.
7.2 Signalling Messages

In this section some examples are provided showing how the relevant signalling messages and Information Elements could look like. 
7.2.1 BSSMAP

7.2.1.1
Assignment Request
	INFORMATION ELEMENT 
	REFERENCE / Description
	DIRECTION
	TYPE
	LEN

	Message Type 
	48.008 Section 3.2.2.1 
	MSC-BSS
	M
	1

	Channel Type 
	48.008 Section 3.2.2.11
	MSC-BSS
	M
	5-10

	Layer 3 Header Information 
	48.008 Section 3.2.2.9 
	MSC-BSS
	O (note 3)
	4

	Priority 
	48.008 Section 3.2.2.18
	MSC-BSS
	O
	3

	Circuit Identity Code 
	48.008 Section 3.2.2.2 
	MSC-BSS
	O (note 1)
	3

	Downlink DTX Flag 
	48.008 Section 3.2.2.26
	MSC-BSS
	O (note 2)
	2

	Interference Band To Be Used 
	48.008 Section 3.2.2.21
	MSC-BSS
	O
	2

	Classmark Information 2 
	48.008 Section 3.2.2.19
	MSC-BSS
	O (note 4)
	4-5

	Group Call Reference 
	48.008 Section 3.2.2.55
	MSC-BSS
	O (note 5)
	7

	Talker Flag 
	48.008 Section 3.2.2.54
	MSC-BSS
	O (note 6)
	1

	Configuration Evolution Indication 
	48.008 Section 3.2.2.57
	MSC-BSS
	O (note 7)
	2

	LSA Access Control Suppression 
	48.008 Section 3.2.2.61
	MSC-BSS
	O (note 8)
	2

	Service Handover 
	48.008 Section 3.2.2.75
	MSC-BSS
	O (note 9)
	3

	Encryption Information 
	48.008 Section 3.2.2.10
	MSC-BSS
	O (note 10)
	3-n

	Talker Priority
	48.008 Section 3.2.2.89
	MSC-BSS
	O (note 11)
	2

	AoIP Container (MGW)
	The container information is exchanged between MGW and BSS. The content is transparent for MSC.
	MSC-BSS
	C
	

	MSC Preferred Codec List 
(MSC-PCL)
	List of Codec Types, 
eligible at channel assignment, 
ordered by MSC preference
	MSC-BSS
	C
	

	Call-ID
	unique Call identifier (a new bearer independent IE or the pair of (IP-address+UDP-port)s
	MSC-BSS
	C
	


7.2.1.2
Assignment Complete
	INFORMATION ELEMENT 
	REFERENCE / Description
	DIRECTION
	TYPE
	LEN

	Message Type 
	48.008 Section 3.2.2.1 
	BSS-MSC
	M
	1

	RR Cause 
	48.008 Section 3.2.2.22 
	BSS-MSC
	O
	2

	Circuit Identity Code 
	48.008 Section 3.2.2.2 
	BSS-MSC
	O (note 4)
	3

	Cell Identifier 
	48.008 Section 3.2.2.17 
	BSS-MSC
	O (note 1)
	3-10

	Chosen Channel 
	48.008 Section 3.2.2.33 
	BSS-MSC
	O (note 3)
	2

	Chosen Encryption Algorithm 
	48.008 Section 3.2.2.44 
	BSS-MSC
	O (note 5)
	2

	Circuit Pool 
	48.008 Section 3.2.2.45 
	BSS-MSC
	O (note 2)
	2

	Speech Version (Chosen) 
	48.008 Section 3.2.2.51 
	BSS-MSC
	O (note 6)
	2

	LSA Identifier 
	48.008 Section 3.2.2.15 
	BSS-MSC
	O (note 7)
	5

	Talker Priority
	48.008 Section 3.2.2.89
	BSS-MSC
	O (note 8)
	2

	AoIP Container (BSS)
	The  information is exchanged between MGW and BSS. The content is transparent for the MSC.
	BSS-MSC
	C
	x

	Speech Codec (chosen)
	Enhanced “Speech Version (chosen)”, including information on:
- Configuration (AMR/AMR-WB); 
- Transcoder resource location;
- Interface Type.
	BSS-MSC
	C
	x

	Call-ID
	unique Call identifier from MSC, reflected back by BSS (a new bearer independent IE or the pair of (IP-address+UDP-port)s
	BSS-MSC
	C
	


7.2.1.3
Handover Required
	INFORMATION ELEMENT
	REFERENCE/ Description
	DIRECTION
	TYPE
	LEN

	Message Type
	48.008 Section 3.2.2.1 
	BSS-MSC
	M
	1

	Cause 
	48.008 Section 3.2.2.5 
	BSS-MSC
	M
	3-4

	Response Request
	48.008 Section 3.2.2.28
	BSS-MSC
	O (note 8)
	1

	Cell Identifier List
(Preferred)
	48.008 Section 3.2.2.27 
	BSS-MSC
	M (note 4)
	2n+3
to
7n+3

	Circuit Pool List 
	48.008 Section 3.2.2.46
	BSS-MSC
	O (note 1)
	V

	Current Channel Type 1 
	48.008 Section 3.2.2.49
	BSS-MSC
	O (note 2)
	2

	Speech Version (Used) 


	48.008 Section 3.2.2.51
	BSS-MSC
	O (note 3)
	2

	Queueing Indicator
	48.008 Section 3.2.2.50
	BSS-MSC
	O
	2

	Old BSS to New BSS Information
	48.008 Section 3.2.2.58
	BSS-MSC
	O
	2-n

	Source RNC to target RNC transparent information (UMTS)
	48.008 Section 3.2.2.76
	BSS-MSC
	O (note 5)
	3-m

	Source RNC to target RNC transparent information (cdma2000)
	48.008 Section 3.2.2.77
	BSS-MSC
	O (note 6)
	n-m

	GERAN Classmark
	48.008 Section 3.2.2.78
	BSS-MSC
	O (note 7)
	V

	Talker Priority
	48.008 Section 3.2.2.89
	BSS-MSC
	O (note 9)
	2

	
	
	
	
	

	BSC Supported Codec List 
(BSC-SCL)
	List of Codec Types, Codec Configurations, Transcoder Resource Locations and Interface Types supported by the BSS 
in this very moment
	BSS-MSC
	O
	

	Speech Codec (Used)
	Enhanced “Speech Version (used)”, including information on:
- Configuration (AMR/AMR-WB); 
- Transcoder resource location;
- Interface Type.
	BSS-MSC
	C
	x


7.2.1.4
Handover Request
	INFORMATION ELEMENT 
	REFERENCE / Description
	DIRECTION
	TYPE 
	LEN 

	Message Type 
	48.008 Section 3.2.2.1 
	MSC-BSS
	M 
	1 

	Channel Type 
	48.008 Section 3.2.2.11 
	MSC-BSS
	M 
	5-10 

	Encryption Information 
	48.008 Section 3.2.2.10 
	MSC-BSS
	M (note 1)
	3-n 

	Classmark Information 1 

or 

Classmark Information 2 
	48.008 Section 3.2.2.30 48.008 

Section 3.2.2.19 
	MSC-BSS

MSC-BSS
	M#  

M (note 6)
	2  

4-5 

	Cell Identifier (Serving) 
	48.008 Section 3.2.2.17 
	MSC-BSS
	M (note 20) 
	5-10 

	Priority 
	48.008 Section 3.2.2.18 
	MSC-BSS
	O 
	3 

	Circuit Identity Code 
	48.008 Section 3.2.2.2 
	MSC-BSS
	O (note 7)
	3 

	Downlink DTX Flag 
	48.008 Section 3.2.2.26 
	MSC-BSS
	O (note 3) 
	2 

	Cell Identifier (Target) 
	48.008 Section 3.2.2.17 
	MSC-BSS
	M (note 17) 
	3-10 

	Interference Band To Be Used 
	48.008 Section 3.2.2.21 
	MSC-BSS
	O 
	2 

	Cause 
	48.008 Section 3.2.2.5 
	MSC-BSS
	O (note 9)
	 3-4 

	Classmark Information 3 
	48.008 Section 3.2.2.20 
	MSC-BSS
	O (note 4)
	 3-14 

	Current Channel type 1 
	48.008 Section 3.2.2.49 
	MSC-BSS
	O (note 8) 
	2 

	Speech Version (Used) 
	48.008 Section 3.2.2.51 
	MSC-BSS
	O (note 10) 
	2 

	Group Call Reference 
	48.008 Section 3.2.2.55 
	MSC-BSS
	O (note 5)
	7 

	Talker Flag 
	48.008 Section 3.2.2.54 
	MSC-BSS
	O (note 11) 
	1 

	Configuration Evolution Indication 
	48.008 Section 3.2.2.57 
	MSC-BSS
	O (note 12) 
	2 

	Chosen Encryption Algorithm (Serving) 
	48.008 Section 3.2.2.44 
	MSC-BSS
	O (note 2)
	2 

	Old BSS to New BSS Information 
	48.008 Section 3.2.2.58 
	MSC-BSS
	O (note 13) 
	2-n 

	LSA Information 
	48.008 Section 3.2.2.23 
	MSC-BSS
	O (note 14) 
	3+4n 

	LSA Access Control Suppression 
	48.008 Section 3.2.2.61 
	MSC-BSS
	O (note 15) 
	2 

	Service Handover 
	48.008 Section 3.2.2.75 
	MSC-BSS
	O (note 21) 
	3 

	IMSI 
	48.008 Section 3.2.2.6 
	MSC-BSC
	O (note 16) 
	3-10 

	Source RNC to target RNC transparent information (UMTS) 
	48.008 Section 3.2.2.76 
	MSC-BSS
	O (note 18) 
	n-m 

	Source RNC to target RNC transparent information (cdma2000) 
	48.008 Section 3.2.2.77 
	MSC-BSS
	O (note 19) 
	n-m 

	SNA Access Information 
	48.008 Section 3.2.2.82 
	MSC-BSC
	O (note 22) 
	2+n 

	Talker Priority
	48.008 Section 3.2.2.89
	MSC-BSC
	O (note 23)
	2

	AoIP Container (MGW)
	The container information is exchanged between MGW and BSS. The content is transparent for MSC.
	MSC-BSS
	C 
	 

	MSC Preferred Codec List 
(MSC-PCL)
	List of Codec Types, Codec Configurations, Transcoder Resource Locations and Interface Types supported by the CN 
in this very moment for channel assignment, ordered by MSC preference.
	MSC-BSS
	C 
	 

	Call-ID
	unique Call identifier (a new bearer independent IE or the pair of (IP-address+UDP-port)s
	MSC-BSS
	C
	


7.2.1.5
Handover Request Acknowledge
	INFORMATION ELEMENT 
	REFERENCE / Description
	DIRECTION 
	TYPE 
	LEN 

	Message Type 
	48.008 Section 3.2.2.1 
	BSS-MSC 
	M 
	1 

	Layer 3 Information 
	48.008 Section 3.2.2.24 
	BSS-MSC 
	M (note 1)
	11-n 

	Chosen Channel 
	48.008 Section 3.2.2.33 
	BSS-MSC 
	O (note 4) 
	2 

	Chosen Encryption Algorithm 
	48.008 Section 3.2.2.44 
	BSS-MSC 
	O (note 5)
	2 

	Circuit Pool 
	48.008 Section 3.2.2.45 
	BSS-MSC 
	O (note 2)
	2 

	Speech Version (Chosen) 
	48.008 Section 3.2.2.51 
	BSS-MSC 
	O (note 6)
	2 

	Circuit Identity Code 
	48.008 Section 3.2.2.2 
	BSS-MSC 
	O (note 3)
	3 

	LSA Identifier 
	48.008 Section 3.2.2.15 
	BSS-MSC 
	O (note 7)
	5 

	New BSS to Old BSS Information 
	48.008 Section 3.2.2.80 
	BSS-MSC 
	O (note 8)
	2-n 

	Inter-System Information 
	48.008 Section 3.2.2.81 
	BSS-MSC 
	O (note 9)
	2-n 

	Talker Priority
	48.008 Section 3.2.2.89
	BSS-MSC
	O (note 10)
	2

	AoIP Container (BSS) 
	The container information is exchanged between MGW and BSS. The content is transparent for MSC.
	BSS-MSC 
	C
	 

	BSC Supported Codec List 
(BSC-SCL)
	List of Codec Types, Codec Configurations, Transcoder Resource Locations and Interface Types supported by the BSS in this very moment
	BSS-MSC 
	O
	 

	Speech Codec (Chosen)
	Enhanced “Speech Version (used)”, including information on:
- Configuration (AMR/AMR-WB); 
- Transcoder resource location;
- Interface Type.
	BSS-MSC
	C
	

	Call-ID
	unique Call identifier from MSC, reflected back by BSS (a new bearer independent IE or the pair of (IP-address+UDP-port)s
	BSS-MSC
	C
	


7.2.1.6
Handover Performed

	INFORMATION ELEMENT
	REFERENCE
	DIRECTION
	TYPE
	LEN

	Message Type
	48.008 Section 3.2.2.1
	BSS-MSC
	M
	1

	Cause 
	48.008 Section 3.2.2.5
	BSS-MSC
	M
	3-4

	Cell Identifier 
	48.008 Section 3.2.2.17
	BSS-MSC
	M (note 5)
	3-10

	Chosen Channel
	48.008 Section 3.2.2.33
	BSS-MSC
	O (note 1) 
	2

	Chosen Encryption Algorithm
	48.008 Section 3.2.2.44
	BSS-MSC
	O (note 2)
	2

	Speech Version (Chosen)
	48.008 Section 3.2.2.51
	BSS-MSC
	O (note 3)
	2

	LSA Identifier
	48.008 Section 3.2.2.15
	BSS-MSC
	O (note 4)
	5

	Talker Priority
	48.008 Section 3.2.2.89
	BSS-MSC
	O (note 6)
	2

	BSC Supported Codec List 
(BSC-SCL)
	List of Codec Types, Codec Configurations, Transcoder Resource Locations and Interface Types supported by the BSS 
in this very moment
	BSS-MSC
	O 
	

	Speech Codec (Chosen)
	Enhanced “Speech Version (Chosen)”, including information on:
- Configuration (AMR/AMR-WB); 
- Transcoder resource location;
- Interface Type.
	BSS-MSC
	C
	x


7.2.1.7
Complete Layer 3 Information
	INFORMATION ELEMENT 
	REFERENCE
	DIRECTION
	TYPE
	LEN

	Message Type
	48.008 Section 3.2.2.1 
	BSS-MSC
	M
	1

	Cell Identifier 
	48.008 Section 3.2.2.17 
	BSS-MSC
	M
	3-10 

	Layer 3 Information
	48.008 Section 3.2.2.24 
	BSS-MSC
	M
	3-n 

	Chosen Channel
	48.008 Section 3.2.2.33
	BSS-MSC
	O (note 1)
	2

	LSA Identifier List
	48.008 Section 3.2.2.16
	BSS-MSC
	O (note 2)
	3+3n

	PADU
	48.008 Section 3.2.2.68
	BSS-MSC
	O (note 3)
	3-n

	BSC Supported Codec List 
(BSC-SCL)
	List of Codec Types, Codec Configurations, Transcoder Resource Locations and Interface Types supported by the BSS 
in this very moment
	BSS-MSC
	O
	


7.2.1.8
BSC-SCL and MSC-PCL

	#
	Comments
	Coding
	mandatory
or optional

	1
	IE-Identifier
	“BSC-SCL” or “MSC-SCL”
	mandatory

	2
	Length
	“Length of IE after length byte” = 11
	mandatory

	3
	1. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“FR” =0000
	mandatory
in BSC-SCL

	4
	2. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“HR” =0001
	optional

	5
	3. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“EFR” =0010
	optional

	6
	4. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“FR_AMR” =0011
	optional

	7
	Configuration
	set7
	set6
	set5
	set4
	set3
	set2
	set1
	set0
	conditional

	8
	Configuration
	set15
	set14
	set13
	set12
	set11
	set10
	set9
	set8
	conditional

	9
	5. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“HR_AMR” =0100
	optional

	10
	Configuration
	set7
	set6
	set5
	set4
	set3
	set2
	set1
	set0
	conditional

	11
	Configuration
	set15
	set14
	set13
	set12
	set11
	set10
	set9
	set8
	conditional

	12
	6. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“FR_AMR-WB” =1001
	optional

	13
	Configuration
	-
	-
	set5
	set4
	set3
	set2
	set1
	set0
	conditional


Note 1: The coding of Codec Types (FR, HR, …) is according to TS 26.103 and TS 28.062.

Note 2:  The coding of AMR Configurations with set 0 to set 15 is used in TS 28.062 (TFO). 
Alternatively the AMR Configurations could be coded according to TS 26.103:

	1
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“FR_AMR”
	mandatory

	2
	ACS
	12.2
	10.2
	7.95
	7.4
	6.7
	5.9
	5.15
	4.75
	conditional

	3
	SCS
	12.2
	10.2
	7.95
	7.4
	6.7
	5.9
	5.15
	4.75
	conditional

	4
	OM, MACS
	-
	-
	-
	-
	OM
	MACS
	


Each AMR Mode could be included or excluded by marking the corresponding bit. In this representation “set1” would be:

	1
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“FR_AMR”
	mandatory

	2
	ACS
	1
	0
	0
	1
	0
	1
	0
	1
	conditional

	3
	SCS
	1
	0
	0
	1
	0
	1
	0
	1
	conditional

	4
	OM, MACS
	-
	-
	-
	-
	0
	4
	


A mapping between both representations is possible. This alternative coding is used in OoBTC on Nc. It needs more octets per AMR Codec. It allows more flexibility, but has the substantial drawback of higher risk of end-to-end incompatibility, higher implementation and verification effort.
It is current working assumption to use set 0 to set 15 on AoIP.

7.2.1.9
Speech Codec (Chosen) 
	#
	Comments
	Coding
	mandatory
or optional

	1
	IE-Identifier
	“ Speech Codec (chosen)”
	mandatory

	2
	Length
	“Length of IE after length byte” = 1, 2, 3
	mandatory

	3
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“Codec Chosen”
	mandatory

	(4)
	Configuration
	Set
	set
	set
	set
	set
	set
	set
	set
	conditional

	(5)
	Configuration
	Set
	set
	set
	set
	set
	set
	set
	set
	conditional


Note: The coding of “Codec Chosen” is according to TS 26.103, i.e. the same as in e.g. BSC-SCL.
7.2.1.10
Speech Codec (Used) 

	#
	Comments
	Coding
	mandatory
or optional

	1
	IE-Identifier
	“ Speech Codec (Used)”
	mandatory

	2
	Length
	“Length of IE after length byte” = 1, 2, 3
	mandatory

	3
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“Codec Used”
	mandatory

	(4)
	Configuration
	Set
	set
	set
	set
	set
	set
	set
	set
	conditional

	(5)
	Configuration
	Set
	set
	set
	set
	set
	set
	set
	set
	conditional


Note: The coding of “Codec Used” is according to TS 26.103, i.e. the same as in e.g. BSC-SCL.

7.2.2 DTAP

Modifications of DTAP are not allowed to maintain compatibility with existing mobiles.
7.2.3 VGCS/VBS Protocol

VGCS/VBS messages are to be investigated if the BSC Codec List has to be added.
7.2.4 GCP (H.248) Protocol

Information Elements and Procedures to seize, modify and release IP terminations for the A over IP interface User Plane connection have to be defined.
7.3
Procedures

7.3.1
Codec Negotiation at Call Setup 
An optimal end-to-end Codec Negotiation shall be performed for each individual call to achieve best quality of service, considering the codec capabilities of the MS, the BSS as well as the CN and the distant end.
Figure 7.3.1-1 shows an example MS-to-MS call, with end-to-end codec negotiation at call setup. 

BSC1 sends to MSC1 its actual “BSC Supported Codec List” (BSC-SCL1) in the first Complete Layer 3 Message that encapsulates the DTAP CM SERVICE REQUEST message from MS1. BSC1 shall predict to its best possible knowledge at this point in time for this specific call, which Codec Types, Configurations and Interface Types could be used in this specific cell area. BSC1 shall not include Codec Types in this BSC-SCL1 that are currently not available.

The Codec capabilities of MS1 (MS-SCL1) are received in MSC1 in DTAP SETUP, which includes also other call set up details.  Upon receiving SETUP, MSC1 shall construct the SCL taking into consideration MS-SCL1, BSC-SCL1 as well as MGW1 capabilities. MSC1 then initiates Codec negotiation through OoBTC (or SIP-I) towards the terminating side, including the SCL.

[image: image4]
Figure 7.3.1-1: Example, end-to-end codec negotiation at call setup, MS-to-MS call
 

     If cRanC1 == SC == cRanC2 then the call is end-to-end transcoding free.
Upon receiving the terminating call attempt, MSC2 initiates paging of the terminating subscriber. BSC2 sends to MSC2 its actual “BSC Supported Codec List” (BSC-SCL2) in the first Complete Layer 3 Message that encapsulates PAGING RESPONSE message from MS2.
MS2 sends its codec capabilities to MSC2 in the DTAP CALL CONFIRMED message. Upon receiving CALL CONFIRMED, MSC2 selects a pair of Codecs to be used for the call, one for the Core Network (called “SC”) and one for the terminating RAN (called “pRanC2”, Preferred RAN Codec). For that selection MSC2 takes into consideration MS-SCL2, BSC-SCL2, MGW2 capabilities as well as the SCL received from MSC1. In the optimal case SC and pRanC2 are identical or at least compatible. MSC2 considers also possible Interface Types and Transcoder Resource Locations. Of course also the Codec Configurations are pre-decided by MSC2.
MSC2 then sends the SC back to MSC1. 

MSC1 selects now the Preferred RAN Codec for the originating side (pRanC1), taking the SC, the MS-SCL1, BSC-SCL1 and MGW1 capabilities into account. In the optimal case SC and pRanC1 are identical or at least compatible. MSC1 considers also possible Interface Types and Transcoder Resource Locations. Of course also the Codec Configurations are pre-decided by MSC1.
MSC1 and MSC2 start now in parallel to construct their offers to BSC1, respectively BSC2.  

The MSC-PCL1 contains pRanC1 as first, most preferred Codec Type for the originating side.
The MSC-PCL2 contains pRanC2 as first, most preferred Codec Type for the terminating side.

MSC1/MSC2 sends MSC-PCL1/MSC-PCL2 to BSC1/BSC2 in Assignment Request. BSC1/BSC2 will most likely choose finally the Preferred RAN Codecs for the respective radio interface.
When the Codec Type is negotiated on the A interface, also the Codec Configuration, the location of the Transcoder resource and the Interface Type are negotiated and decided.  This secures the flexible configuration and deployment of A over IP according to different network situations.
Note: TFO in the BSC-SCL and MSC-PCL is optional, but not mandated to be configured or used.
7.3.2
Codec Negotiation at Handover 
The assignment procedure at Call Setup, including the enhanced codec negotiation, aims for best possible codec setup for best speech quality end-to-end, with the minimal number of transcoding stages in the path and the minimal transport bandwidth.

Following the assignment at Call Setup there may be several reasons for the BSS to change the cell and/or the Codec Type and/or the Codec Configuration and/or the Interface Type. The BSC shall always try to keep the Codec Type and Codec Configuration compatible as well as keep the same Interface Type to create least impact on Core Network and distant termination. Sometimes this is, however, not possible.
The following subchapters discuss different handover cases. 
7.3.2.1 Intra-BSC Handover to a Compatible Target Cell

For an intra-cell or intra-BSC handover to the same Interface Type and a compatible Codec Type and Codec Configuration, the BSS handles the handover internally. One important Intra-Cell handover case is the cell repacking for higher radio efficiency under high load conditions. The handover from FR_AMR to HR_AMR is such an example.
The MSC is merely informed about the handover by the Handover Performed message. A new BSC-SCL, containing the up-to-date codec capability of the BSC may be included in the Handover Performed message. The MSC may use this in future e.g. at codec re-negotiation towards the remote end.

7.3.2.2 Intra-BSC Handover to an Incompatible Target Cell

At intra-cell and intra-BSC handover, if the BSC has to change to an incompatible Codec Type or incompatible Codec Configuration, or if there is a need to change the Interface Type, the BSC shall inform the MSC. 
One important Intra-Cell handover case is the cell repacking for higher radio efficiency under high load conditions. The handover from GSM_EFR to GSM_HR is such an example. Important may be that this cell-repacking affects only some of the calls in this cell, not all. The BSC-SCL is therefore often only relevant for the specific call, not for the whole cell. One possible strategy is – for example – to handover only calls with good to best radio conditions from GSM_EFR to GSM_HR, while keeping calls with low radio 
conditions in GSM_EFR. Also starting new calls may preferably be done in GSM_EFR, until the radio condition is known and a subsequent repacking to GSM_HR is possible. In this way the overall speech quality is optimized on cost of more frequent handovers. This Intra-BSC handover is therefore important and should be performed with minimal impact and delay.
One possibility is to initiate a procedure similar to Inter-BSC handover, i.e. Handover Required is send to the MSC, optionally including a new, up-to-date BSC-SCL. This Handover Required may also include the new AoIP Container for the new radio channel termination. The MSC may handle this Intra-BSC handover like an Inter-BSC handover, see below. The advantage of this possibility is that existing messages and procedures can be reused, although new IEs have to be added. It needs further study how to handle the potentially newly created SCCP connection between the MSC and the same BSC.

[image: image5]Figure 7.3.2.2-1: Intra-BSC Handover to a non-compatible Codec
A second possibility is to define a simplified 3-ways-signalling MSC-controlled handover procedure, relying on the observation that the source and the target BSS would be the same in this scenario so that two messages used in the normal inter-BSC Handover procedure (namely the “Handover Request” and “Handover Request Acknowledge” messages) would not be needed.
A 3-ways-signalling procedure could be defined where the first message could be a “Channel Modify Required” or a “Internal Handover Required” message containing at least:
· A target cell. This shall be a cell controlled by the same BSS

· The up-to-date codec capabilities in the target cell, i.e. the BSS-SCL

· The new AoIP container with the new IP/UDP termination at the BSS for the new radio channel termination.
When receiving the “Channel Modify Required”/“Internal Handover Required” message from the BSS, the MSC would select its most preferred Codec Type (pRanC) taking into account the BSS-SCL. The pRanC and the new IP/UDP termination at the BSS would be communicated to the MGW in order to add another termination towards the BSS. The MGW would then acknowledge the Add request by sending back to the MSC the new IP/UDP termination at the MGW.
At this point in time the MSC could reuse existing messages on the A interface to trigger the handover execution phase. In particular, to trigger the handover, the “Handover Command” message would be sent to the BSS, including the MSC-PCL (with pRanC as the first choice) and the new MGW IP/UDP termination. A legacy handover procedure would be performed on the radio interface and then the BSS would finally confirm the handover/codec change to the MSC with the “Handover Complete” message. See Figure 7.3.2.2-2.
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 Figure 7.3.2.2-2: Simplified procedure for intra-BSS Handover to an incompatible codec (Codec change triggered by the BSS)
A variant of this procedure is also possible. For instance:

· Instead of containing the BSS-SCL, the “Channel Modify Required”/“Internal Handover Required” could directly contain the chosen codec, i.e. the BSS could finally decide the codec-type
· Instead of reusing the legacy Handover Command/Handover Complete handover execution procedure, a new message could be defined to trigger the intra-BSS handover and the Handover Performed message could be used to inform the CN of the handover completion (in this case the Handover Performed message would be used by the MSC-S as a trigger to remove the old MGW UDP/IP termination)
The advantages of a 3-ways-signalling MSC-controlled procedure would be a faster handover handling. 

The disadvantage could be higher implementation and verification effort.

The decision should be based on statistics from existing networks. If this kind of Intra-BSC handover is expected to happen often, then the procedure should be optimized. Otherwise the existing procedure should be sufficient.

A third possibility is to rely on User Plane procedures, whereby the MSC allows multiple Codecs to be used in the MGW and whereby the BSS performs a normal intra-BSS handover (finally sending the “Handover Performed” message to the MSC) and the new target radio leg starts sending UL data to the MGW (from a different New  BSS UDP/IP termination) encoded according the new Codec Type. The MGW would have to detect the codec change and, before receiving any Control Plane message, add automatically a new termination to the Context, if necessary with transcoder resources, and start sending DL data to the New BSS UDP/IP termination encoded according the new Codec Type. In uplink a smart handover combining could take place and finally the MGW would send a Notify Request to inform the MSC. See figure 7.3.2.2-3.
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Figure 7.3.2.2-3: User Plane procedure for intra-BSS Handover to an incompatible codec (Codec change triggered by the BSS)
The suggested User Plane procedure seems attractive but needs further study and coordination with other groups (e.g. CT4). 

The current working assumption is to introduce a simplified 3-ways-signalling MSC-controlled handover procedure. 
7.3.2.3 Inter-BSC Handover

Inter-BSC handovers can not be handled BSC-internally and the MSC and MGW need to be involved, regardless whether or not the Codec Type, Codec Configuration, Interface Type or Transcoder Resource location has to be changed.

The source BSC sends Handover Required to the MSC. 
As described above this Handover Required may optionally contain a new BSC-SCL and a new AoIP Container for the intra-BSC handover case. For the ‘real’ inter-BSC handover case the source BSC is taken out of the call path and thus it’s BSC-SCL is useless.
The reason to include a new BSC-SCL (for intra-BSC handover case) is to have the latest BSC capability communicated to the MSC. The MSC could then decide whether or not this new BSC-SCL is to be used e.g. in deciding the Codec Type and Codec Configuration and Interface Type for the target cell for intra-BSC 
handover to an incompatible target cell. The MSC may also use this new BSC-SCL after handover for Codec Re-Negotiation towards the remote end.

For a real Inter-BSC handover, MSC does in general not know the target BSC’s capability. In that case the MSC may construct the MSC-PCL taking into consideration the currently Selected Codec (Type and Configuration) on the Nb interface. The first Codec in the MSC-PCL shall be compatible to the SC. The other Codecs in the MSC-PCL are determined by the known MS-SCL and the MGW capabilities.

In general the MSC does also not know the supported Interface Types of the target BSS. Therefore the MSC may offer all Interface Types in the MSC-PCL, which is send in the Handover Request Message. This Handover Request Message contains also the AoIP Container, if AoIP is offered.
The target BSC selects finally the Codec Type, Codec Configuration, Interface Type and Transcoder Resource Location out of the MSC-PCL. The target BSC reports this back to the MSC in Speech Codec (chosen), included in Handover Request Acknowledge. This Handover Request Acknowledge contains also the AoIP Container, if AoIP is chosen and the new, up-to-date BSC-SCL*.
The MSC updates the MGW accordingly. If more than one Interface Type was seized in the MGW, then the not used one has to be SUBtracted from the MGW context.
If, for whatever reasons, the MSC knows the capabilities of the target BSC, partly or fully, then the MSC may pre-decide the Interface Type and offer only one Interface Type in MSC-PCL. In that case the update of the MGW is sometimes not necessary (except the MODification of the connection address). See Figure 7.3.2.3-1 below.
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Figure 7.3.2.3-1: Real Inter-BSC Handover, example of TDM as selected Interface Type
7.3.3
Codec Re-Negotiation after Inter-BSC Handover

After the handover is completed and the BSC-SCL of the now serving BSC and the Speech Codec (chosen) is known to the MSC, the MSC may (optional) evaluate, based on the SC and the Available Codec List received earlier from the distant call leg, whether or not Mid-Call Codec Re-Negotiation may result in a better overall end-to-end Codec selection. 
One important scenario for such a potential Codec Re-Negotiation is the upgrade from narrowband (NB) speech telephony to wideband (WB) speech telephony, when the old BSC was not able to support AMR-WB, but the new BSC is capable to offer AMR-WB speech.


Although Codec Re-Negotiations are currently possible within the Core Network, there is currently no defined procedure to trigger a codec change from the Core Network to the BSS.
One possibility for the Core Network to trigger a codec type change (e.g. to re-establish TrFO) could be to trigger a new assignment procedure on the same SCCP connection. This approach would reuse existing messages, but there could be a few drawbacks as well: 

· A new Assignment message would replace the UDP/IP termination at the BSS (and at the MGW), but it would be preferable to have the 2 terminations (old and new) in place during the codec change, like in the handover case
· The Core Network would not be aware of the current BSS capabilities when initiating the new Assignment procedure.
In fact, the main issue is to provide a mechanism whereby the BSS informs the Core Network about the codec types it can support for the ongoing call, before the Core Network triggers a codec change. Although the BSS communicates its codec capabilities at call setup, this is a dynamic information related to a specific time instant in a specific cell so that this might change in time, e.g. due to overload conditions. Therefore a mechanism is needed to update this information for an ongoing call.
One possibility would be to rely on the simplified MSC-controlled handover procedure defined in section 7.3.2.2, in this case initiated by a preliminary signalling message sent by the MSC to the BSS to trigger a feedback from the BSS about its current codec capabilities regarding a specific ongoing call.
This message could be named “Channel Modify Enquiry” or “Internal Handover Enquiry”, and it would be different from a legacy “Handover Request” sent to the target BSS during the preparation phase of an inter-BSS handover: its goal is to get back the updated BSS codec capabilities to handle a specific call and no specific target cell is indicated in the message (the primary goal is to change the codec, not necessarily the cell, and typically an intra-cell handover would be finally triggered in this case). On the other hand a MSC-PCL (MSC-Preferred Codec List) could be included in the “Internal Handover Enquiry” message to inform the BSS about the MSC codec preferences.  If the goal is to re-establish TrFO, the MSC-PCL in this case should reflect the remote end indicated codec. The BSS might use this information to decide a possible target cell that meets such requirements.

The BSS response to the“Channel Modify Enquiry”/“Internal Handover Enquiry” message would be the “Channel Modify Required” “Internal Handover Required” message described in the section 7.3.2.2. The target cell indicated in the message could be the same cell where the call is currently ongoing; alternatively this could also be a cell where the BSS could better satisfy the MSC codec preferences expressed in the MSC-PCL contained in the “Internal Handover Enquiry” message. The current BSS-SCL and the new UDP/IP BSS termination for the new radio channel termination would also be added.
As described in section 7.3.2.2, when receiving the “Channel Modify Required”/“Internal Handover Required” message from the BSS, the MSC would select its most preferred Codec Type (pRanC) taking into account the BSS-SCL. If the goal of the codec change is to re-establish TrFO, and the BSS could not meet the request in the MSC-PCL contained in the "Internal Handover Enquiry" message (i.e. if the BSS-SCL in the "Internal Handover Required" message does not contain the MSC-PCL), then the MSC could also decide it’s not beneficial to finally trigger a codec change and could avoid sending the Handover Command at all (of course this means that TrFO would not be re-established at the end). 
Note: one possible way for the MSC to detect whether the BSS is actually waiting for the Handover Command is to add a flag in the "Internal Handover Required" message to clarify whether this message is:
· sent by the BSS in response to an "Internal Handover Enquiry" -> the BSS doesn't have a real need to perform the intra-BSS HO -> no problem if Handover Command is not received
· sent by the BSS because of a real need to perform the intra-BSS HO (e.g. to an incompatible codec type) -> Handover Command is finally expected
If the MSC decides to continue with the handover, the message exchange with the MGW and the signaling procedure on the A interface for the handover execution phase would be the same as described in section 7.3.2.2 The overall procedure is described in Figure 7.3.3-1 below. 
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Figure 7.3.3-1: Codec change triggered by the Core Network
Note: A potential, optional Codec Re-Negotiation may lead to a change of all Codecs in the speech path, also the one just selected by the BSC during handover. This will result in a short interruption of the speech path and it costs not negligible signalling load. 
Codec Re-Negotiation is therefore considered as optional. 
The definition of the triggers to initiate a Codec Re-Negotiation will not in the scope of a possible Work Item on “AoIP”.
7.4 Impacts on the A Interface Control Plane
In this section some examples are provided showing how the relevant Information Elements could look like. 

7.4.1 New Information Element: BSC-SCL

As described above a new Information Element (BSC-SCL) is defined to transfer the BSC capabilities from the BSC to the MSC in the Complete L3 message at call setup. This BSC-SCL is constructed as shown above and reprinted here for ease of reading:
	#
	Comments
	Coding
	mandatory
or optional

	1
	IE-Identifier
	“BSC-SCL”
	mandatory

	2
	Length
	“Length of IE after length byte” = 11
	mandatory

	3
	1. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“FR” =0000
	mandatory

	4
	2. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“HR” =0001
	optional

	5
	3. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“EFR” =0010
	optional

	6
	4. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“FR_AMR” =0011
	optional

	7
	Configuration
	set7
	set6
	set5
	set4
	set3
	set2
	set1
	set0
	conditional

	8
	Configuration
	set15
	set14
	set13
	set12
	set11
	set10
	set9
	set8
	conditional

	9
	5. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“HR_AMR” =0100
	optional

	10
	Configuration
	set7
	set6
	set5
	set4
	set3
	set2
	set1
	set0
	conditional

	11
	Configuration
	set15
	set14
	set13
	set12
	set11
	set10
	set9
	set8
	conditional

	12
	6. Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“FR_AMR-WB” =1001
	optional

	13
	Configuration
	-
	-
	set5
	set4
	set3
	set2
	set1
	set0
	conditional


The table shows a maximum-length example of a BSC-SCL. 

In a specific call case the sequence of Codecs and the number of Codecs may vary.

It is allowed to flag more than one Interface Type for a given Codec Type.
In case of AMR and AMR-WB it is also allowed to flag more than one Configuration (set).

The BSC-SCL is not ordered according to any preference. 

It must at least contain the GSM_FR Codec Type with at least one Interface Type.

The BSC informs the MSC by BSC-SCL, which Codec Types, Codec Configurations, Interface Types and Transcoder Resource Locations it supports in this very moment for this very call. 
For each Codec Type, there are four bits to indicate the Transcoder Resource location, the Interface Type and the optional support of TFO. These four bits are:
Full IP
‘1’ means: 
AoIP with compressed speech via RTP/UDP/IP is supported for this Codec Type.
 

No Transcoder resource is necessary in BSS.
 

If Full IP is selected, then the Codec Type on the radio interface 
 

is identical to the Codec Type on the A-interface
‘0’ means:
compressed speech via RTP/UDP/IP is not supported for this Codec Type.

TFO
‘1’ means:
TFO supported for this Codec Type

‘0’ means:
TFO is not supported for this Codec Type


TFO is only applicable, if at the same time the Interface Types PCMoIP and/or PCMoTDM
 
are set to ‘1’, too.

PCMoIP
‘1’ means:
A Transcoder Resource for this (radio) Codec Type may be located in BSS.
 

PCM may be transmitted over the A interface with PCM/RTP/UDP/IP.
 

If this Interface Type is selected, then the Codec Type on the radio interface is different to the
 

Codec Type on the A-Interface (PCM). 
 

If TFO is supported then the parameters of the radio Codec may be tunnelled through the 
 

PCM link on the A interface.
‘0’ means:
PCM over A interface with IP as transport is not supported for this Codec Type

PCMoTDM
‘1’ means:
A Transcoder Resource for this (radio) Codec Type may be located in BSS.
 

PCM may be transmitted over A interface with TDM.
 

If this Interface Type is selected, then the Codec Type on the radio interface is different to the
 

Codec Type on the A-Interface (PCM). 
 

If TFO is supported, then the parameters of the radio Codec may be tunnelled through the 
 

PCM link on the A interface. 
‘0’ means:
PCM over A interface with TDM as transport is not supported for this Codec Type.

Note: Full IP, PCMoIP and PCMoTDM can be simultaneously supported in the same BSC. 
Example 1: For the target Deployment Scenario, with only compressed speech over AoIP, the coding of these four bits for all supported Codec Types would be:
	Full IP
	TFO
	PCMoIP
	PCMoTDM

	1
	0
	0
	0


Examples 2 to 5: For deployment scenarios, where the transcoders may reside either inside the BSS or in the Core Network and where the Codec Type may be supported for either TDM or IP or both, the coding of these four bits in the BSC-SCL can for example be one of the following configurations:

	Full IP
	TFO
	PCMoIP
	PCMoTDM

	0
	1
	1
	1

	1
	0
	0
	1

	1
	1
	1
	0

	1
	1
	1
	1



The coding of BSC-SCL gives the flexibility to allow different location of Transcoder resources for 
different Codec Types, i.e. for one Codec Type the Transcoder may be located in the BSS and for another Codec Type the Transcoder can be located in core network (or is not needed at all). It is even possible to allocate for the same Codec Type for one call the Transcoder within the BSS and for another call within the CN.

7.4.2 New Information Element: MSC-PCL
A new Information Element “MSC-PCL” is defined to transfer the MSC preferred Codec List from the MSC to the BSC at call setup and in handover cases. This MSC-PCL is constructed as shown above and reprinted here for ease of reading in the order of decreasing speech quality:

	#
	Comments
	Coding
	mandatory
or optional

	1
	IE-Identifier
	“MSC-PCL”
	mandatory

	2
	Length
	“Length of IE after length byte” = 11
	mandatory

	3
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“FR_AMR-WB” =1001
	optional

	4
	Configuration
	-
	-
	set5
	set4
	set3
	set2
	set1
	set0
	conditional

	5
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“FR_AMR” =0011
	optional

	6
	Configuration
	set7
	set6
	set5
	set4
	set3
	set2
	set1
	set0
	conditional

	7
	Configuration
	set15
	set14
	set13
	set12
	set11
	set10
	set9
	set8
	conditional

	8
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“EFR” =0010
	optional

	9
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“HR_AMR” =0100
	optional

	10
	Configuration
	set7
	set6
	set5
	set4
	set3
	set2
	set1
	set0
	conditional

	11
	Configuration
	set15
	set14
	set13
	set12
	set11
	set10
	set9
	set8
	conditional

	12
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“FR” = 0000
	optional

	13
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“HR” = 0001
	optional


The table shows a maximum-length example of an MSC-PCL. 

In a specific call case the sequence of Codecs and the number of Codecs may vary.

It is allowed to flag more than one Interface Type for a given Codec Type.

In case of AMR and AMR-WB it is also allowed to flag more than one Configuration (set).

The MSC-PCL is ordered according to the MSC preference with the highest priority codec being put at the top of the list. The MSC expects the BSC to choose the preferred Codec Type. It must at least contain one Codec Type with at least one Interface Type. The MSC informs the BSC by MSC-PCL, which Codec Types, Codec Configurations, Interface Types and Transcoder Resource Locations it supports in this very moment for this very call. For each Codec Type, there are four bits to indicate the Transcoder Resource location, the Interface Type and the optional support of TFO. These four bits are:
Full IP
‘1’ means: 
AoIP with compressed speech via RTP/UDP/IP is supported for this Codec Type.
 

No Transcoder resource is necessary in BSS.
 

If Full IP is selected, then the Codec Type on the radio interface 
 

is identical to the Codec Type on the A-interface

‘0’ means:
compressed speech via RTP/UDP/IP is not supported for this Codec Type.


TFO
‘1’ means:
TFO supported for this Codec Type

‘0’ means:
TFO is not supported for this Codec Type



TFO is only applicable, if at the same time the Interface Types PCMoIP and/or PCMoTDM
 
are set to ‘1’, too.

PCMoIP
‘1’ means:
A Transcoder Resource for this (radio) Codec Type may be located in BSS.
 

PCM may be transmitted over the A interface with PCM/RTP/UDP/IP.
 

If this Interface Type is selected, then the Codec Type on the radio interface is different to the
 

Codec Type on the A-Interface (PCM). 
 

If TFO is supported, then the parameters of the radio Codec may be tunnelled through the 
 

PCM link on the A interface.

‘0’ means:
PCM over A interface with IP as transport is not supported for this Codec Type


PCMoTDM
‘1’ means:
A Transcoder Resource for this (radio) Codec Type may be located in BSS.
 

PCM may be transmitted over A interface with TDM.
 

If this Interface Type is selected, then the Codec Type on the radio interface is different to the
 

Codec Type on the A-Interface (PCM). 
 

If TFO is supported, then the parameters of the radio Codec may be tunnelled through the 
 

PCM link on the A interface. 
‘0’ means:
PCM over A interface with TDM as transport is not supported for this Codec Type.


Full IP, PCMoIP and PCMoTDM can be simultaneously supported in the same MSC/MGW. 
If more than one Interface Type is flagged in the MSC-PCL, then the priority order is per definition: 
Full IP  >  PCMoIP+TFO  >  PCM oTDM+TFO  >  PCMoIP  >  PCMoTDM.
7.4.3 New Information Element: Speech Codec (Chosen)

The existing Information Element “Speech Version (Chosen)” is not sufficient for AoIP, because neither Codec Configuration nor Interface Type nor Transcoder Location can be specified. It is therefore proposed to introduce a new Information Element “Speech Codec (chosen)”.

	#
	Comments
	Coding
	mandatory
or optional

	1
	IE-Identifier
	“ Speech Codec (chosen)”
	mandatory

	2
	Length
	“Length of IE after length byte” = 1, 2, 3
	mandatory

	3
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“Codec Chosen”
	mandatory

	(4)
	Configuration
	set
	set
	set
	set
	set
	set
	set
	set
	conditional

	(5)
	Configuration
	set
	set
	set
	set
	set
	set
	set
	set
	conditional


Speech Codec (Chosen) shall contain exactly one Codec Type with one Codec Configuration (conditional) with one Interface Type and the exact Transcoder Location.

7.4.4 New Information Element: Speech Codec (Used)
The existing Information Element “Speech Version (Used)” is not sufficient for AoIP, because neither Codec Configuration nor Interface Type nor Transcoder Location can be specified. It is therefore proposed to introduce a new Information Element “Speech Codec (Used)”.

	#
	Comments
	Coding
	mandatory
or optional

	1
	IE-Identifier
	“ Speech Codec (Used)”
	mandatory

	2
	Length
	“Length of IE after length byte” = 1, 2, 3
	mandatory

	3
	Codec
	Full IP
	TFO
	PCMoIP
	PCMoTDM
	“Codec Chosen”
	mandatory

	(4)
	Configuration
	set
	set
	set
	set
	set
	set
	set
	set
	conditional

	(5)
	Configuration
	set
	set
	set
	set
	set
	set
	set
	set
	conditional


Speech Codec (Used) shall contain exactly one Codec Type with one Codec Configuration (conditional) with one Interface Type and the exact Transcoder Location.

Note: it is for further study if and where and when Speech Codec (Used) is necessary for AoIP.

Current Working Assumption is that Speech Codec (Used) is necessary, e.g.  for Inter-MSC Handover.

--------------------- End of Changes ---------------------------------




























































































































Note: The Handover is not completely shown here.





Typically cRanC2 == pRanC2. �The case that BSC1 selects another Codec than pRanC2 is very unlikely, but possible.


In that rare case the MSC has to MODify the MGW termination.





MSC knows: Selected Codec = SC, BSC-SCL1, MS-SCL1, Interface Type 1. �Only a Codec compatible to SC allows transcoding free operation. 


So MSC prioritizes a SC-compatible Codec and an Interface Type as before, and sends this �MSC-PCL together with the AoIP Container of the new MGW-termination towards BSS 1.


If no compatible Codec exists, then the MGW must insert a transcoder-pair.





BSS 1





Handover Required �(Speech Codec (used) = RanC1, BSC-SCL1;�AoIP-Container)





Handover Request Acknowledge                            (Speech Codec (chosen) = cRanC2, �BSC-SCL 1*) 





Handover Request �(MSC-PCL: pRanC2,+…) , AoIP Container, …
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DTAP, Setup (MS-SCL 1)





User Plane established end-to-end transcoding free with AoIP - NboIP - AoIP





Assignment Complete


(Speech Codec (chosen) = cRanC2) 





Assignment Request 


(MSC-PCL 2: pRanC2, +…) 





OoBTC (SC)





Complete Layer 3 (BSC-SCL 2)
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Assignment Complete


(Speech Codec (chosen) = cRanC1) 





Assignment Request 


(MSC-PCL 1: pRanC1, +…) 





BSC 1





MSC 1
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