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A (User Plane) over IP: Possible alternatives

1. Introduction
A Study Item on “A interface over IP” was agreed at GERAN#35 (see GP-071562). 

A set of objectives/requirements can be explicitly or implicitly derived from the Study Item description:

· IP-based A interface is meant to reduce operators’ CAPEX and OPEX 
· In particular A over IP should simplify system configuration in A-flex scenarios
· Means to achieve higher transport efficiency (e.g. by using compressed speech codecs) should be possible
· Support for TrFO (e.g. to improve speech quality) should be investigated.
· Migration towards a 3G-like architecture (e.g. by placing the transcoding functionalities in the core network) should be considered 

From this list of requirements one initial consideration is that although the title of the Study Item suggests that the focus is on the “transport” issue, in fact this Study Item is addressing a number of different issues, including the redefinition of the architectural split in GERAN.

More in general it is believed that several solutions are possible in order to address (part of) these requirements, with quite different impacts in terms of both standardization effort and need to upgrade (already deployed) network equipments (with the reasonable assumption – not clearly stated in the SI – that any A over IP solution should allow the re-use of already deployed BTSs and more in general allow a smooth migration towards this new technology). 
2. Possible Alternatives

In the following a few possible alternatives are briefly summarized, trying to highlight the expected impacts on the standardization process and on the different network elements. For each solution it is clarified which requirements of the Study Item would be satisfied.

First of all, solutions are presented which do not imply architectural changes and address the transport issue only, i.e. scenarios were transcoding is kept in the BSS:

· Solution 1: “Basic A over IP” 


· Solution 2: “Nb-like interface @ BSS” 


Then solutions implying architectural changes (with transcoding moved to the core network) are also presented:
· Solution 3: “A-ter in MGW over IP” 


· Solution 4: “Modified A (Iu-like) interface” 

2.1 Solution 1: Basic A over IP 

The first and most straightforward interpretation of “A over IP” is the solution where transcoding is performed in the BSS and G.711 (i.e. PCM) encoded speech is transported on the A interface over the RTP/UDP/IP protocol stack, as in Figure 1.
This would require minimal changes to BSSAP signalling: IP address and UDP port need to be negotiated between BSS and CN, while the MSC-Server must pass the IP&UDP address information to the MGW via H.248 signalling.

Note: to reduce transport costs “Circuit Emulation Service over Packet” techniques could be used on the A-ter interface.
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Figure 1: Basic A over IP
· Benefits for the operator (fulfilled requirements):
· Easier system configuration e.g. in A-flex scenarios

· Cons (not fulfilled requirements):
· TrFO is not possible
· No bandwidth savings (on the A interface)
· No migration towards a 3G-like architecture
· Standardization impact:
· Low. Minor changes required in BSSAP signalling. 

· Impact on network elements:
· BSS (TRAU) needs to support IP towards CN

· MGW must support the IP also on the A interface (minor issue)
· BSS and MSS shall support the IP address and UDP port negotiation by using the BSSAP signalling 

2.2 Solution 2: Nb-like interface @ BSS 

A step further with respect to Solution 1 is the case where a compressed codec – instead of G.711 - is transported over IP on the interface that connects the BSS and the CN, as in Figure 2.
Also in this scenario transcoding is still performed in the BSS, with the difference that there is no transcoding between the various GSM codecs and G.711 but, possibly, between the GSM codecs used on the radio interface and the “compressed codec” to be used on the interface between the BSS and the CN. In this case this “A” interface would look like the Nb interface (assuming the NbUP framing protocol needs to be used. This is also FFS). Apart from the higher transport efficiency, the fact that G.711 is avoided completely with this approach would allow the support for TrFO operation. 
Moreover, if the compressed codec on the “Nb-like” interface is negotiated once at call setup (or during handover), changes to BSSAP signalling would not be too much higher than with Solution 1: IP address, UDP port and the compressed codec (with its configuration) would have to be negotiated between BSS and CN, while the MSC-Server would have to pass the IP address, UDP port and codec information to the MGW.
Of course, if there is need to adapt the codec on the “Nb-like” interface to reflect the codec which is being used on the radio interface, the impact on BSSAP signalling is expected to increase correspondingly. However, whether this is required is considered FFS. In other words, it needs to be discussed how the requirement to allow independent “AMR codec adaptation” on each radio link (of a mobile to mobile call) would co-exist with the attempt to realize an end-to-end transcoder free operation.
Note: to further reduce transport costs in this scenario, BSCs could be co-located/combined with TRAUs, or “Circuit Emulation Service over Packet” techniques could be used on the A-ter interface.
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Figure 2: Nb-like interface @ BSS
· Benefits for the operator (fulfilled requirements):
· Easier system configuration e.g. in A-flex scenarios
· TrFO is possible
· Bandwidth savings are possible

· Cons (not fulfilled requirements):

· No migration towards a 3G-like architecture

· Standardization impact
· Medium/High. Moderate or important changes in BSSAP signalling, depending on the need to have a fixed or dynamically changing compressed codec over the Nb-like interface
· Impact on network elements:
· BSS (TRAU) needs to support IP towards CN and implement MGW functionalities (for example Nb I/f media formats for speech, data and text). 
· MGW must support the IP also on the A interface (minor issue)

· BSS and MSS shall support the IP address, UDP port and codec negotiation (and possibly codec modification...) by using the BSSAP signalling.  

2.3 Solution 3: A-ter to MGW over IP 

If architectural changes in GERAN are found acceptable, other solutions – which place the transcoding functionality in the CN - are possible. 
One possibility would be to get rid of the A interface completely and terminate the A-ter interface in the MGW, i.e. terminate the TRAU frames in the MGW (this would also mean that TRAU functionalities/equipments would not be needed in the BSS). Furthermore, on the A-ter interface TRAU frames would be carried over RTP/UDP/IP, as in Figure 3. In this case compressed codecs would still be used on an IP interface connecting the BSS and the CN.

In principle this solution would also require minimal changes to BSSAP signalling: IP address and UDP port are negotiated between BSS and CN via BSSAP signalling, while the MSC-Server passes the IP&UDP address information to the MGW.
Regarding the codec and its configuration, they could be negotiated in-band as today.

The problem with this solution is that A-ter is de-facto not an open interface (yet). A few years ago the possibility to move transcoding in the CN by terminating TRAU frames in the MGW (without mentioning IP transport at that time) was investigated in the BARS Study Item. But at that time this proposal was abandoned, probably because of the practical difficulties to “open” the A-ter interface.  But the increased interest in the possibilities opened by this approach and the new added variable of the underlying IP transport could justify some additional investigations in this area.
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Figure 3: A-ter to MGW over IP

· Benefits for the operator (fulfilled requirements):
· Easier system configuration e.g. in A-flex scenarios
· TrFO is possible
· Bandwidth savings are possible
· Migration towards a 3G architecture (uniform solution for 2G and 3G)
· Cons (not fulfilled requirements):
· Standardizing a solution based on TRAU frames to MGW would in practice mandate support of TRAU frames on the A-bis interface as well (which is anyway the typical implementation today). This would limit the possibility of further bandwidth savings given by possible packet-based transport solution on the A-bis interface.
· Standardization impact:
· Unclear! Minor changes in BSSAP signalling in principle but it is probably challenging to standardize the A-ter interface now in a way that makes it easy for network vendors to possibly change the current BTS implementations and therefore adhere to the "standard A-ter over IP” solution.
· Impact on network elements:
· In general, for a given network vendor the impact would depend on the details of the standardized A-ter over IP solution
· BSS and MSS shall support the IP address and UDP port negotiation by using the BSSAP signalling.

· MGW and BSC must support the IP based A-ter interface and in-band codec negotiation. 

2.4 Solution 4: Modified A (Iu-like)
Additional solutions to place the transcoding functionality in the CN, while terminating TRAU frames in the BSS, are clearly possible. 

Similarly to Solution 2, compressed codecs could be used on the interface between the BSS and the CN, but shifting the transcoding functionality in the CN (i.e. in the MGW) and then defining alternative solutions for codec negotiation. 
In this case the “A” interface would have a lot of commonalities with the Iu interface, at least in the User Plane (assuming the IuUP framing protocol needs to be used. This is also FFS). 

In the Control Plane, assuming to still use BSSAP, important modifications would then be needed:  IP address, UDP port and codec (with its configuration) would have to be negotiated (and, for the codec, dynamically adapted) between BSS and CN via BSSAP signalling, while the MSC-Server would have to pass the IP address, UDP port and codec information to the MGW.
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Figure 4: Modified A (Iu-like)
· Benefits for the operator (fulfilled requirements):
· Easier system configuration e.g. in A-flex scenarios
· TrFO is possible
· Bandwidth savings are possible
· Migration towards a 3G architecture (uniform solution for 2G and 3G)
· Cons (not fulfilled requirements):

· Probably the solution with the highest standardization impact, e.g. to define the details of codec negotiation and adaptation during a call. 
· Standardization impact:
· High. Significant changes in BSSAP signalling (in a sense some functionalities of the Iu interface would have to be re-invented)

· Impact on network elements:
· The BSS and MSS shall support the IP address, UDP port and codec negotiation, codec modification...etc, by using the BSSAP(?) signalling. 
· BSC also needs to terminate the TRAU frames
· MGW must support the IP also on the A interface (minor issue)

3 Conclusion

A few different alternatives to realize an “A over IP” interface have been presented in this paper, highlighting the possible impact on specification and network elements. 
It is proposed to include the description of the solutions outlined in Section 2 with their pros and cons into the Feasibility Study.
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