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1 Introduction

At GERAN#35 meeting, a new study item 3GPP Study Item “A Interface over IP” was approved (GP-071562) in line with the objective to identify, describe and evaluate the possible solutions in terms of architecture and performance impacts of A-interface over IP transport.
This paper outlines a solution of codec selection which could reduce the cases when BSS selects a codec type different from the codec type preferred by MSCServer. Furthermore, this solution could help the TrFO calls be established easily. 
It should be noted that the new study item is going to introduce a new alternative A interface based on IP protocols, and it won’t change anything of the legacy TDM based A interface.
2 Current Situation
In current GSM networks (A-interface over TDM, in short is called AoTDM), assuming a mobile originated call, MS sends it’s supported codec list in the field of Bearer Capability in Setup Message towards to MSCServer. MSCServer knows the codec list of MS by this approach. MSCServer knows the code list supported by BSS by only configuration information. MSCServer would assign a TCH channel type based on the above information. But, BSS has the freedom to choose a different codec type from the one MSCServer assigned. And in case of AoTDM, that doesn't matter, because the speech voice transferred over AoTDM was always G.711 and TC unit in BSS has to adapt each compressed speech received from Abis interface into PCM streaming. 

3 New proposed Signalling
It has been agreed at GERAN2#36bis meeting that codec negotiation between BSC and CN is needed and FullIP, PCMoIP and TDM, especially for upgraded BSC, should be supported concurrently by a single and uniformed signalling mechanism in AoIP Technical Report. 
The first step for achieving codec negotiation should be how could MSC Server know BSS’s selected codec capabilities. BSS’s selected codec capabilities mean that BSS as the option to report its capabilities, sometimes that means BSS reports its all codec capabilities and sometimes that means BSS reports some of its wanted but not all codec capabilities. It’s up to operators’ deployment strategy and which of the codec capabilities should be reported could be easily controlled by O&M parameters of BSS, however, it is an implementation issue of BSS. 
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MSCServer is able to know to BSC selected codec capabilities 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 1.
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Figure 1: Overview of BSS Codec Lists Reporting
3.1 Expanding on RESOURCE REQUEST 
Below table 1 shows the current information elements of RESOURCE REQUEST. The definition of IE Cell Identifier which was highlighted in red in table 1 is proposed to be extended to report the radio resource situations of all cells.
	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 


Table 1: Information Elements of RESOURCE REQUEST
	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


Table 2: Extended Cell Identifier
The spare field in Cell Identifier (see table 2) is proposed to be extended as below:

If Bit 5 equals to “1” that means the information of all cells belongs to the specific BSS should be reported. 
3.2 Expanding on RESOURCE INDICATION 
The existing RESOURCE INDICATION reports BSS’s radio payload condition with different methods including periodical report, spontaneous report and single information report.(see TS48.008) The reporting period and method are controlled by parameters in RESOURCE REQUEST and the report granularity is cell level. It is proposed to add BSS Selected Codec Capabilities information element which was highlighted in red to the end of this message. See table 3. The existing “Cell Identifier” and “Total Resource Accessible” IEs are kept stable intentionally.
	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

	BSS Selected Codec Capacities
	
	BSS-MSC
	O
	6-n


Table 3：Information Elements of RESOURCE INDICATION
Table 4 shows the information elements of BSS Selected Codec Capacities. A single RESOURCE INDICATION message might not be enough to carry the whole cell’s codec lists since a BSC could dominate numbers of cells. So in this case multi RESOURCE INDICATION messages are needed. The value of “m” depends on how many cell’s codec lists should be carried in a single RESOURCE INDICATION message e.g. m==32 for 32 cells.
	8
	7
	6
	5
	4
	3
	2
	1
	

	Element identifier
	Octet 1

	Total Number of Segments
	Octet 2

	No of Segment
	Octet 3

	Length
	Octet 4

	Cell Identifier1
	Octet 5..9

	Selected Codec Capacities of Cell 1
	Octet 10..26

	Cell Identifier2
	Octet 27..31

	Selected Codec Capacities of Cell 2
	Octet 32..48

	…
	

	Cell Identifier m
	Octet (5+22*(m-1)).. (9+22*(m-1))

	Selected Codec Capacities of Cell m
	Octet (10+22*(m-1)).. (26+22*(m-1))


Table 4：BSS Selected Codec Capacities
Table 5 shows the detailed format of “Selected Codec Capacities of Cell x” which contains 23 bytes to construct codec types, AMR configuration parameters and interface types which are the necessary information of flexible signalling.
	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	Spare


	Codec Identifier==”GSM_FR” (see  TS26.103)
	1

	spare
	Spare
	Spare
	Full IP
	PCMoIP
+TFO
	PCMoIP
	TDM
+TFO
	TDM
	2

	Spare

	Codec Identifier==”GSM_HR” (see  TS26.103)
	3

	spare
	Spare
	Spare
	Full IP
	PCMoIP
+TFO
	PCMoIP
	TDM
+TFO
	TDM
	4

	Spare
	Codec Identifier==”GSM_EFR” (see  TS26.103)
	5

	spare
	Spare
	spare
	Full IP
	PCMoIP
+TFO
	PCMoIP
	TDM
+TFO
	TDM
	6

	Spare


	Codec Identifier==”FR_AMR” (see  TS26.103)
	7

	Set 7
	Set6
	Set 5
	Set 4
	Set 3
	Set 2
	Set 1
	Set 0
	8

	Set 15
	Set 14
	Set 13
	Set 12
	Set11
	Set 10
	Set 9
	Set 8
	9

	spare
	Spare
	spare
	Full IP
	PCMoIP
+TFO
	PCMoIP
	TDM
+TFO
	TDM
	10

	Spare


	Codec Identifier==”HR_AMR” (see  TS26.103)
	11

	Set 7
	Set6
	Set 5
	Set 4
	Set 3
	Set 2
	Set 1
	Set 0
	12

	Set 15
	Set 14
	Set 13
	Set 12
	Set11
	Set 10
	Set 9
	Set 8
	13

	spare
	Spare
	spare
	Full IP
	PCMoIP
+TFO
	PCMoIP
	TDM
+TFO
	TDM
	14

	Spare


	Codec Identifier==”FR_AMR_WB” (see  TS26.103)
	15

	spare
	spare
	Set 5
	Set 4
	Set 3
	Set 2
	Set 1
	Set 0
	16

	spare
	spare
	spare
	Full IP
	PCMoIP
+TFO
	PCMoIP
	TDM
+TFO
	TDM
	17


Table 5：Selected Codec Capacities of Cell x

BSS reports these RESOURCE INDICATION messages to MSC Server according to the periodicity parameter set in RESOURCE REQUEST message ranges from 100ms to 25,500ms e.g. periodicity==10000ms means BSC reports every 10s.
BSS an option to report its codec capabilities according to configuration scenarios .e.g. no enough IP interface boards, radio load, traffic load over A interface and possible internal load balancing algorithm on IP and TDM transport.  Some examples are listed below:
a) In case of normal load on radio and no congestion on IP transport a upgraded BSS reports follow aiming to achieve as much as possible TrFO plus high quality codec type:
	8
	7
	6
	5
	4
	3
	2
	1

	Spare


	FR_AMR_WB

	spare
	Spare
	Spare
	Full IP
1
	PCMoIP
+TFO
1
	PCMoIP
1
	TDM
+TFO
0
	TDM
0

	Spare
	Spare
	Set 5
	Set 4
	Set 3
	Set 2
	1
	Set 0

	Spare


	FR_AMR

	Set 7
	Set6
	Set 5
	Set 4
	Set 3
	Set 2
	1
	Set 0

	Set 15
	Set 14
	Set 13
	Set 12
	Set11
	Set 10
	Set 9
	Set 8

	spare
	Spare
	Spare
	Full IP
1
	PCMoIP
+TFO
1
	PCMoIP
1
	TDM
+TFO
0
	TDM
0

	Spare
	GSM_EFR

	spare
	Spare
	spare
	Full IP
1
	PCMoIP
+TFO
1
	PCMoIP
1
	TDM
+TFO
0
	TDM
0

	Spare


	FR

	spare
	Spare
	spare
	Full IP
1
	PCMoIP
+TFO
1
	PCMoIP
1
	TDM
+TFO
0
	TDM
0

	Spare


	HR_AMR

	Set 7
	Set6
	Set 5
	Set 4
	Set 3
	Set 2
	1
	Set 0

	Set 15
	Set 14
	Set 13
	Set 12
	Set11
	Set 10
	Set 9
	Set 8

	spare
	Spare
	spare
	Full IP
1
	PCMoIP
+TFO
1
	PCMoIP
1
	TDM
+TFO
0
	TDM
0

	Spare


	GSM_HR

	spare
	spare
	spare
	Full IP
1
	PCMoIP
+TFO
1
	PCMoIP
1
	TDM
+TFO
0
	TDM
0


b) In case of heavy load on radio and congestion on IP transport a upgraded BSS reports follow aiming to provide more radio resources with low quality codec type over TDM interface:
	8
	7
	6
	5
	4
	3
	2
	1

	Spare


	HR_AMR

	Set 7
	Set6
	Set 5
	Set 4
	Set 3
	Set 2
	1
	Set 0

	Set 15
	Set 14
	Set 13
	Set 12
	Set11
	Set 10
	Set 9
	Set 8

	spare
	Spare
	spare
	Full IP
0
	PCMoIP
+TFO
0
	PCMoIP
0
	TDM
+TFO
1
	TDM
1

	Spare


	GSM_HR

	spare
	spare
	spare
	Full IP
0
	PCMoIP
+TFO
0
	PCMoIP
0
	TDM
+TFO
1
	TDM
1


c) In case of normal load on radio a new BSS reports follow aiming to achieve as much as possible TrFO plus high quality codec type:
	8
	7
	6
	5
	4
	3
	2
	1

	Spare


	FR_AMR_WB

	spare
	Spare
	Spare
	Full IP
1
	PCMoIP
+TFO
0
	PCMoIP
0
	TDM
+TFO
0
	TDM
0

	Spare
	Spare
	Set 5
	Set 4
	Set 3
	Set 2
	1
	Set 0

	Spare


	FR_AMR

	Set 7
	Set6
	Set 5
	Set 4
	Set 3
	Set 2
	1
	Set 0

	Set 15
	Set 14
	Set 13
	Set 12
	Set11
	Set 10
	Set 9
	Set 8

	spare
	Spare
	Spare
	Full IP
1
	PCMoIP
+TFO
0
	PCMoIP
0
	TDM
+TFO
0
	TDM
0

	Spare
	GSM_EFR

	spare
	Spare
	spare
	Full IP
1
	PCMoIP
+TFO
0
	PCMoIP
0
	TDM
+TFO
0
	TDM
0

	Spare


	FR

	spare
	Spare
	spare
	Full IP
1
	PCMoIP
+TFO
0
	PCMoIP
0
	TDM
+TFO
0
	TDM
0

	Spare


	HR_AMR

	Set 7
	Set6
	Set 5
	Set 4
	Set 3
	Set 2
	1
	Set 0

	Set 15
	Set 14
	Set 13
	Set 12
	Set11
	Set 10
	Set 9
	Set 8

	spare
	Spare
	spare
	Full IP
1
	PCMoIP
+TFO
0
	PCMoIP
0
	TDM
+TFO
0
	TDM
0

	Spare


	GSM_HR

	spare
	spare
	spare
	Full IP
1
	PCMoIP
+TFO
0
	PCMoIP
0
	TDM
+TFO
0
	TDM
0


d) In case of heavy load on radio a new BSS reports follow aiming to provide more radio resources with low quality codec type:
	8
	7
	6
	5
	4
	3
	2
	1

	Spare


	HR_AMR

	Set 7
	Set6
	Set 5
	Set 4
	Set 3
	Set 2
	1
	Set 0

	Set 15
	Set 14
	Set 13
	Set 12
	Set11
	Set 10
	Set 9
	Set 8

	spare
	Spare
	spare
	Full IP
1
	PCMoIP
+TFO
0
	PCMoIP
0
	TDM
+TFO
0
	TDM
0

	Spare


	GSM_HR

	spare
	spare
	spare
	Full IP
1
	PCMoIP
+TFO
0
	PCMoIP
0
	TDM
+TFO
0
	TDM
0


3.3 Event Triggered Reporting
The existing RESOURCE INDICATION reports BSS’s radio payload condition with different methods including periodical report, spontaneous report and single information report. (see TS48.008) The reporting period and method are controlled by parameters. Furthermore, 5 seconds periodical reporting can be able to optimize to event triggered reporting to reduce the signalling load and number of messages interacting between BSS and CN.
BSS reports its codec capabilities only at following cases:
1. Receives resource request from MSC Server at the first time.

2. Radio resources changed e.g. FR has been run out. It should be noted that the information elements of RESOURCE INDICATION doesn’t include the number of “free” codec type on radio interface. That means, under most circumstances, BSS has no need to report RES IND any longer if only the number of codec types changed on radio interface. In case of peak traffic hour radio resource might be changed very frequently, BSS could stay on the periodical reporting.
3. BSS internal algorithms. e.g. Requirement on load balancing between AoTDM and AoIP e.g. IP congestion, E1 link breaks; BSS won’t use some kinds of codec type (HR) for next calls due to radio condition(interference).
The signalling load over A interface would be reduced significantly.

Even in worst case e.g. BSC reports all codec capabilities every 5seconds, MSC Server receives these messages and stores them into its memory with all necessary codec information including codec types, AMR configuration parameters and interface types according to different cell identifiers.  Following points should be noted:
1. This signalling doesn't mean MSC Server has to know the BSS internal structure and the BSS-internal cell-selection strategies. All MSC Server needs to know and store are the codec capabilities of every cells. From implementation point of view, that just a memory table containing the information mentioned above in MSC Server’s memory.
2. Considering the memory size needed by MSC Server to store this codec capabilities, taking typical dense urban scenario as calculation assumption
	
	No MSC in Pool
	MSC in Pool

	Num of MSCs in Pool
	N/A
	8

	Num of BSCs in a MSC Server
	8
	8

	Num of Cells in a BSC
	512
	512

	Size of Codec Capacities for a cell (Bytes) Note 1:
	17
	23

	Total  Memory in MSC Server(Bytes)
	8*512*17=69k
	8*8*512*17=557k

	Note1: Does not include the size of CI since it has been existed already in MSC Server’s memory


Until now, two solutions has been proposed, following table shows criterion for comparison.

	Criterion
	Typical Dense Urban

	Num of BSCs per MSC
	8

	Num of cells per BSC
	512

	Num of calls/cell/hour(busy hour)
	1500

	Num of calls per MSC/Second
	((1500/60)*512*8)/60=1706


Table. Criterion for comparison
Based on the criterion shown in table above, a comparison between per call method and resource Ind/Req method is provided in table below
.

	
	Per Call
	Resource Ind/Req

	Num of calls per MSC/Second
	1706
	1706

	Additional octets needed per MSC/second
	13*1706=22880
(Note 1)
	((4+((5+17)*512))*8)/10=9104
(Note 2)

	Additional octets needed per MSC/Minute
	22880*60=1373K
	9104*60=541K 

	Percentage of additional  octets per call
	13/747=1.7% 13/718=1.8%

(Note 3)
	9104/(747*1706)=0.7%
9104/(718*1706)=0.74%

	Note 1: Per call method needs 13 bytes by assuming every BSC-SCL includes all codec types

Note 2: Assuming reporting periodicity is 10 seconds

Note 3: Criterion proposed in [2] was reused: Based on the following:

· SIGTRAN is used for A-interface signalling; 

· 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



Table. comparison of 2 solutions

4 Conclusion

This paper has presented a solution for codec negotiation for A-interface over IP. Impacts on signaling information elements have been identified and analyzed briefly.
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