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Background:
In GSM networks today with AoTDM interface, the codec capabilities of the BSC are statically hand-configured in the MSC for consideration in TrFO and/or TFO procedures. The Originating MSC constructs a codec list to be offered in codec negotiation towards the remote end considering the originating MS codec capabilities received in MSC during call setup, the originating BSC capabilities statically configured in MSC and the MGW codec capabilities. Similarly, the Terminating MSC chooses the best possible codec from the offered codec list, considering the terminating MS codec capabilities received in MSC during call setup, the terminating BSC capabilities statically configured in MSC and the MGW codec capabilities.

Based on the codec negotiation result, MSC offers a prioritized list of codecs to BSC for the call in ASSIGNMENT REQUEST message. But BSC has the freedom to choose any codec from the list based on current radio network condition and its resource situation. The chosen codec is communicated to MSC in ASSIGNMENT COMPLETE message.

The above approach has the following shortcomings –

· The knowledge about BSC codec capability in MSC is static. And thus, MSC’s knowledge of BSC codec capability lacks any insight into the radio network condition and BSC resource situation in that particular moment of call setup. If there is mismatch between the statically configured BSC codec capability and the actual radio network condition, then based on local information BSC will choose a different codec than what is preferred by MSC. This may result in non-optimum end-to-end network performance, for example TrFO cannot be established for the call.

· In addition, the A-interface signalling protocol does not allow MSC to indicate codec configuration for AMR or AMR-WB codecs towards BSC. Any mismatch of codec configuration actually used by BSC and what is configured in MSC may result in TFO mismatch/failure and thus non-optimum network performance.

At GERAN#35 a new 3GPP R8 feature study item “A-Interface over IP” has been approved. 
A TR is being written to document the results from the study. The participants of the study agree that there is a need for MSC to take the BSC codec capabilities more dynamically into consideration. The current version of the TR contains 2 different proposals on how to achieve that common goal. This paper attempts to compare the two proposals in order to reach a decision.

Ericsson Proposal:

Ericsson proposes that, for every call, the BSC includes its timely and locally up to date codec capability (in a new information element BSC Supported Codec List or BSC-SCL) in the Complete Layer 3 (CL3) message for this call. The BSC will take into consideration current radio network condition and its resource situation at that instant of time of sending the CL3 message, thus providing MSC with its most up to date codec capability for the associated cell. This BSC-SCL also contains information about the Interface Type(s) that can be used for each of the listed codec candidates. MSC will use this information for the end-to-end codec negotiation as well as in RAN codec selection.   
The new Information Element, BSC-SCL is proposed to be as follows:
	Octet
	Parameter
	MSB 8
	7
	6
	5
	4
	3
	2
	LSB 1

	1 m
	Identifier
	Element Identifier

	2 m
	Length
	Length

	3 m
	Codec Info
	Interface Type
	spare
	spare
	spare
	Codec Identifier

	4 o
	Additional Codec Info
	Additional Codec Information

	5 o
	Additional Codec Info
	Additional Codec Information

	6 o
	Interface Type
	spare
	spare
	spare
	Full IP
	PCM/IP
+TFO
	PCM/IP
	TDM
+TFO
	TDM

	….
	….
	….
	….
	….
	….
	….
	….
	….
	….

	n o
	Codec Info
	Interface Type
	spare
	spare
	spare
	Codec Identifier

	n+1 o
	Additional Codec Info
	Additional Codec Information

	n+2 o
	Additional Codec Info
	Additional Codec Information

	n+3 o
	Interface Type
	spare
	spare
	spare
	Full IP
	PCM/IP
+TFO
	PCM/IP
	TDM
+TFO
	TDM


Let us now calculate the number of octets necessary for the new Information Element in an example situation (based on RAN and TRAU pool conditions):

· GSM_HR and GSM_FR are supported with transcoders in the BSS. They would be supported with AoTDM with TFO as well as AoIP with TFO. i.e. GSM_HR and GSM_FR are supported for the Interface Types TDM+TFO and PCM-IP+TFO.

· GSM_EFR, HR_AMR and FR_AMR are supported with or without transcoders in the BSS. However, if transcoders are in the BSS, they are supported only with AoTDM (with TFO) i.e. HR_AMR and FR_AMR codecs are supported for the Interface Types TDM+TFO and Full IP. Additionally, HR_AMR and FR_AMR are supported for AMR configuration set 1.

· FR_AMR-WB is supported only without transcoders in the BSS i.e. it is supported for Interface Type Full IP. Additionally, FR_AMR-WB uses AMR-WB configuration set 0.
The coding of this example BSC-SCL would be as follows:
	Octet
	Parameter
	MSB 8
	7
	6
	5
	4
	3
	2
	LSB 1

	1
	Identifier
	BSC Supported Codec List (BSC-SCL)

	2
	Length
	16

	3
	Codec Info
	1
	-
	-
	-
	GSM_HR_CoID

	4
	Interface Type
	-
	-
	-
	0
	1
	0
	1
	0

	5
	Codec Info
	1
	-
	-
	-
	GSM_FR_CoID

	6
	Interface Type
	-
	-
	-
	0
	1
	0
	1
	0

	7
	Codec Info
	1
	-
	-
	-
	GSM_EFR_CoID

	8
	Interface Type
	-
	-
	-
	1
	0
	0
	1
	0

	9
	Codec Info
	1
	-
	-
	-
	HR_AMR_CoID

	10
	Additional Codec Info
	-
	-
	0
	0
	0
	0
	1
	0

	11
	Additional Codec Info
	-
	-
	-
	-
	-
	0
	0
	0

	12
	Interface Type
	-
	-
	-
	1
	0
	0
	1
	0

	13
	Codec Info
	1
	-
	-
	-
	FR_AMR_CoID

	14
	Additional Codec Info
	0
	0
	0
	0
	0
	0
	1
	0

	15
	Additional Codec Info
	-
	0
	-
	0
	-
	0
	0
	0

	16
	Interface Type
	-
	-
	-
	1
	0
	0
	1
	0

	17
	Codec Info
	0
	-
	-
	-
	FR_AMR-WB_CoID

	18
	Additional Codec Info
	-
	-
	-
	0
	-
	0
	-
	1


The need for these additional octets is then 16+2 per call setup attempt at originating and/or terminating side from BSC to MSC.
Assuming the following traffic/network profile –

(1) 6 BSCs per typical MSC

(2) 100 cells per typical BSC

(3) 200 calls/cell/hour => 3 calls/cell/minute {this is averaged during 24 hours}

Amount of additional octets to be transferred per minute between the MSC and all BSCs is

(6*100*3*)*18 = 32400 = 32k/minute
In terms of total percentage increase for a particular call (from setup to release of the call), the following data is available-
· SIGTRAN is used for A-interface signaling

· For mobile originating call-

    

- a total of 747 octets are transferred in BSC -> MSC direction

    

- a total of 718 octets are transferred in MSC -> BSC direction

· For mobile terminating call-

    

- a total of 718 octets are transferred in BSC -> MSC direction

With that data it can be said that around 2% of additional data needs to be sent from BSC to MSC to support the optional BSC-SCL.
The MSC may optionally store the BSC-SCL for the duration of the call, if Codec Renegotiation during call is desirable. But the main purpose of the BSC-SCL is to support Codec Negotiation at call setup and this takes only a few seconds. After that the BSC-SCL is not essential any longer.
If more MSC are in the pool, then the amount of data is independent of the number of MSCs, because only one MSC is selected for an individual call and only this MSC has to know and optionally store these temporary data.
Huawei+ZTE Proposal:

According to this proposal, the MSC shall request the BSC Codec Capability List of all cells from the BSC in a new optional BSSAP message with an indication of periodicity that BSC will use to report its codec capabilities to MSC. I.e. MSC may indicate to BSC that it should report all individual cells’ codec capability every N seconds and so each BSC will report its codec capabilities for all cells every N seconds to all MSCs that requested that info. This is pictorially presented as follows:


It is proposed to re-use existing BSSMAP messages RESOURCE REQUEST and RESOURCE INDICATION for this purpose.

A closer look at the message contents of these messages reveal that they can not be used for the purpose without change. The current message structures (TS 48.008) are shown below.

RESOURCE REQUEST

This message is sent from the MSC to the BSS and requests the current spare and optionally the total accessible resource on a particular cell.

This message is sent as a connectionless SCCP message.

	INFORMATION ELEMENT
	REFERENCE
	DIRECTION
	TYPE
	LEN

	Message Type
	3.2.2.1 
	MSC-BSS 
	M 
	1 

	Periodicity 
	3.2.2.12
	MSC-BSS 
	M 
	2 

	Resource Indication Method
	3.2.2.29
	MSC-BSS 
	M 
	2 

	Cell Identifier 
	3.2.2.17
	MSC-BSS 
	M 
	3-10 

	Extended Resource Indicator 
	3.2.2.13
	MSC-BSS 
	O 
	2 


RESOURCE INDICATION

This message is sent from the BSS to the MSC in response to a resource request message, the message includes an explicit indication of the cell concerned.

This message is sent as a connectionless SCCP message.

	INFORMATION ELEMENT
	REFERENCE
	DIRECTION
	TYPE
	LEN

	Message Type
	3.2.2.1
	BSS-MSC
	M
	1

	Resource Indication Method
	3.2.2.29
	BSS-MSC
	M
	2

	Resource Available
	3.2.2.4
	BSS-MSC
	O (note 1)
	21

	Cell Identifier 
	3.2.2.17
	BSS-MSC
	M
	3-10 

	Total Resource Accessible 
	3.2.2.14
	BSS-MSC
	O (note 2)
	5

	NOTE 1:
This element is not included if the message is sent only as an acknowledgement to the reception of a RESOURCE REQUEST message.

NOTE 2:
This element has to be included if requested by the Extended Resource Indicator, except when the message is sent only as an acknowledgement to the reception of the RESOURCE REQUEST message.


As can be seen, both RESOURCE REQUEST and RESOURCE INDICATION messages require a particular cell (Cell Identifier Information Element is mandatory in the messages) in the content. Since BSC codec capabilities are needed for ALL cells, it is not feasible to use RESOURCE REQUEST and RESOURCE INDICATION messages for the purpose.
Thus a new pair of BSSMAP messages would need to be defined for the Huawei/ZTE proposal. 

Additionally, Huawei/ZTE proposes new information elements for transferring BSC codec capability as follows-

	8
	7
	6
	5
	4
	3
	2
	1
	

	Element identifier
	Octet 1

	Total Number of Segments
	Octet 2

	Num of Segment
	Octet 3

	Length
	Octet 4

	Cell Identifier1
	Octet 5

	Cell Preferred Codec Indication 1
	Octet 6

	…
	

	Cell Identifier m
	Octet m-1

	Cell Preferred Codec Indication m
	Octet m


It is proposed here to use only one octet for cell identifier.  But this is not possible with the current definition of Cell Identifier element in TS 48.008.
The cell identifier element is to be coded as –

	8
	7
	6
	5
	4
	3
	2
	1
	

	Element identifier
	Octet 1

	Length
	Octet 2

	Spare
	Cell identification

discriminator
	Octet 3

	Cell identification
	Octet 4-n


The minimum number of octets needed for cell identifier is seen to be 5 when Cell Identification discriminator is 0010 (i.e. only cell identity is used to identify the call).
Thus, a minimum of 5 octets would be needed to represent cell id for each cell in the new information element proposed for BSC codec capability.

It is also proposed to use only one octet for Cell Preferred Codec Indication for a cell. It seems that one octet is not sufficient for all codecs and associated configurations. 
A proposed structure for Cell Preferred Codec Indication for Huawei/ZTE proposal, in line with Ericsson proposal (i.e. containing the same information) is shown below.

Coding for Cell Preferred Codec Indication
	Octet
	Parameter
	MSB 8
	7
	6
	5
	4
	3
	2
	LSB 1

	1 m
	Supported codec
	spare
	spare
	FR-AMR-WB
	FR-AMR
	HR-AMR
	EFR
	GSM-FR
	GSM-HR

	2 o
	HR-AMR configuration set
	spare
	spare
	Set 5
	Set 4
	Set 3
	Set 2
	Set 1
	Set 0

	3 o
	HR-AMR configuration set
	spare
	spare
	spare
	spare
	spare
	Set 10
	Set 9
	Set 8

	4 o
	FR-AMR configuration set
	Set 7
	Set 6
	Set 5
	Set 4
	Set 3
	Set 2
	Set 1
	Set 0

	5 o
	FR-AMR configuration set
	spare
	Set 14
	spare
	Set 12
	spare
	Set 10
	Set 9
	Set 8

	6 o
	FR-AMR-WB configuration set
	spare
	spare
	spare
	Set 4
	spare
	Set 2
	spare
	Set 0


The above coding would need to be extended further if the BSC should indicate also the Interface Type (as in Ericsson proposal) for each Codec Type that it supports. In that case, the size of the Cell Preferred Codec Indication information element would increase significantly. But this is not considered here (optimistic assumption).
With these assumptions, now let us see how many octets would be needed to carry the BSC codec capability. First, a new pair of BSSMAP messages needs to be defined to request and transfer BSC codec capabilities. The structure of the new messages are shown below-
NEW MESSAGE REQUSET

This message is sent from the MSC to the BSS and requests the BSC codec capability for all cells. Note that this is the simplest message that can be designed for the purpose.

	INFORMATION ELEMENT
	REFERENCE
	DIRECTION
	TYPE
	LEN

	Message Type
	3.2.2.1 
	MSC-BSS 
	M 
	1 

	Periodicity 
	3.2.2.12
	MSC-BSS 
	M 
	2 


NEW MESSAGE RESPONSE
This message is sent from the MSC to the BSS and requests the BSC codec capability for all cells. Note that this is the simplest message that can be designed for the purpose.

	INFORMATION ELEMENT
	REFERENCE
	DIRECTION
	TYPE
	LEN

	Message Type
	3.2.2.1 
	BSS-MSC 
	M 
	1 

	BSC Codec Capability List
	xxxxxx
	BSS-MSC 
	M 
	n 


And the new information element, BSC Codec Capability List is going to be as follows-
	8
	7
	6
	5
	4
	3
	2
	1
	

	Element identifier
	Octet 1

	Total Number of Segments
	Octet 2

	Num of Segment
	Octet 3

	Length
	Octet 4

	Cell Identifier1
	Octet 5..9

	Cell Preferred Codec Indication 1
	Octet 10..15

	…
	

	Cell Identifier m
	Octet m..m+4

	Cell Preferred Codec Indication m
	Octet m+5..m+10


Now if the same codecs and configurations as in the above example are supported for all cells and the BSC has 100 cells, the BSC Codec Capability List  would be coded as –
	Octet
	Parameter
	MSB 8
	7
	6
	5
	4
	3
	2
	LSB 1

	1
	Element Identifier
	“BSC Codec Capability List  (BSC-CCL)”

	2
	Total No of segments
	100

	3
	Number of segment
	1

	4
	Length
	11

	5
	Cell Identifier 1
	Element Identifier

	6
	Cell Identifier 1
	Length = 3 (This is minimum that can be had)

	7
	Cell Identifier 1
	-
	Cell Identification Discriminator = 0010

	8
	Cell Identifier 1
	CI value

	9
	Cell Identifier 1
	CI value contd.

	10
	Cell preferred codec indication 1
	-
	-
	1
	1
	1
	1
	1
	1

	11
	Cell preferred codec indication 1
	-
	-
	0
	0
	0
	0
	1
	0

	12
	Cell preferred codec indication 1
	-
	-
	-
	-
	-
	0
	0
	0

	13
	Cell preferred codec indication 1
	0
	0
	0
	0
	0
	0
	1
	0

	14
	Cell preferred codec indication 1
	-
	0
	-
	0
	-
	0
	0
	0

	15
	Cell preferred codec indication 1
	-
	-
	-
	0
	-
	0
	-
	1

	 
	………
	 
	 
	 
	 
	 
	 
	 
	 

	 
	………
	 
	 
	 
	 
	 
	 
	 
	 

	1290
	Number of segment
	100

	1291
	LI
	11

	1292
	Cell Identifier 100
	Element Identifier

	1293
	Cell Identifier 100
	Length = 3 (This is minimum that can be had)

	1294
	Cell Identifier 100
	spare
	Cell Identification Discriminator = 0010

	1295
	Cell Identifier 100
	CI value

	1296
	Cell Identifier 100
	CI value contd.

	1297
	Cell preferred codec indication 100
	-
	-
	1
	1
	1
	1
	1
	1

	1298
	Cell preferred codec indication 100
	-
	-
	0
	0
	0
	0
	1
	0

	1299
	Cell preferred codec indication 100
	-
	-
	-
	-
	-
	0
	0
	0

	1300
	Cell preferred codec indication 100
	0
	0
	0
	0
	0
	0
	1
	0

	1301
	Cell preferred codec indication 100
	-
	0
	-
	0
	-
	0
	0
	0

	1302
	Cell preferred codec indication 100
	-
	-
	-
	0
	-
	0
	-
	1


Thus the new message to transfer the BSC Codec Capability List one time would contain 1303 octets (in this optimistic assumption). If we assume that the periodicity is set to one update in 10 sec, then the amount of data to be transferred between one MSC and all BSCs (assuming 6 BSCs) is
 6*1303*6 = 46908 = 47k/min.
If more MSCs are in the pool (A-Flex), then this amount of data must be transmitted to every MSC.
The MSC must store the BSC codec Capability List, i.e. 1303 octets per BSC permanently and look this information up for every call.

The BSC Codec Capability List is in average (in this example) 5 seconds old, in worst case 10 seconds.
Summary of comparison between both proposals:
	Criterion
	Ericsson proposal
	Huawei/ZTE proposal

	Dynamic update of BSC codec capability in MSC
	Supported, best accuracy at call setup.

Provides the most up to date information/knowledge of BSC codec capability. This would result in most precise codec offering for a specific call  
	Supported, less precise.

The knowledge of BSC codec in MSC may be out-of-date, depending on the periodicity, N. This would not result in the most precise codec offering for a specific call.

	Precision of BSC Codec Capability
and MSC knowledge
	Optimal at call setup
Only the BSC has the detailed knowledge on cell structure.
Only the BSC has knowledge on its call allocation strategies.
Only the BSC can predict the best Codec List for the duration of the call.

The MSC does not need to have knowledge on cell structure and BSS internals
	Sub-optimal
The MSC has to  have knowledge on the BSS internal cell structure. Even then the MSC can not know the BSS internal call allocation strategies.

	Knowledge of BSC supported codec configuration for AMR and AMR-WB codec types i.e. alignment of AMR codec configurations between BSC and MSC
	Supported, fully flexible.
	It appears that transfer of codec configuration set is not supported with the current proposal.
But can be extended to support codec configuration set

	Applicability to A-flex
	The proposal fits well with A-flex solution. One call reaches one MSC, thus one call related data only needs to be transported to one MSC.
	Every MSC in A-flex solution will need to be updated with every cell data resulting in multiplied number of codec capability data storage.

	Need for new messages pair 
on A interface signalling
	No (only new IE)
Optionally the suggested Pull mechanism may be helpful, in which case also here a new pair of BSSAP would bee needed
	A pair of new BSSAP messages will have to be defined

	MSC association with BSC codec capability
	Short lived i.e. only for the duration of the call
	Long lived – MSC needs to keep BSC codec capability refreshed every N seconds

	Cell (radio) knowledge in MSC
	MSC does not need to have any cell specific knowledge (i.e. radio knowledge). BSC codec capability becomes connected to a call.
	MSC needs to store all cell data for codec capabilities. BSc codec capability becomes connected to cell and then MSC needs to associate a cell to a call and then to codec capability for the call.

	Amount of extra data transfer 
between MSC and BSC 
	Lower,
is independent of number of MSCs in pool
	Higher,
depends on refresh rate 
and number of MSCs in pool


Conclusion:

Based on the above discussion it is proposed to adopt the new IE BSC-SCL as only alternative for Codec Capability exchange in the TR.
Reference:
[1] 3GPSS TS 48.008
[2] GERAN2#36bis Ericsson Contribution: Codec List Information Element
[3] 3GPP TR ab.cde : A-interface over IP study
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