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GAN CS Domain aligning with AoIP
1 Foreword
The specification modification for AoIP WI will be complete soon. based on the Working Assumptions agreed and documented in TR 43.903, the technical solution is based on IP transport and includes PCM over IP and Compressed voice over IP (see 2.2). There is however no consideration given for GAN.
It is beneficial to align GAN with AoIP as the Up interface of GAN is based on generic IP transport. With Full IP transport between MS and CN via GAN the architecture will be more efficient and the transport delay will be reduced. It is necessary to study this issue to find a feasible solution.
2 Architectural overview
2.1 Current GAN CS

The GAN protocol architecture [1] in support of CS domain user plane is illustrated Figure 1.
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Figure 1  Legacy GAN CS Domain User Plane Protocol Architecture 

The dual mode MS that supports GSM and GAN can access GAN or GSM and perform mobility between the two RATs. After call connection the CS domain user plane data flow and codec handling are described below:
· Uplink: The speech is encoded (e.g. AMR) and then is fully formatted into RTP packets (RFC 4867) and sent over Up interface towards GANC via the service of Remote IP, IPsec and L2/L1. The RTP packets are received by GANC side by the corresponding entities and then the payload in the RTP packet is transferred to TRAU in GANC for decoding to PCM and then sent to MSC.

· Downlink: The speech packets from the A interface in PCM are encoded (e.g. AMR) and are then formatted into RTP/UDP packets to be sent over the Up interface towards MS, via the service of Remote IP, IPsec and L2/L1. The RTP packets are received by MS side by the corresponding entities.
· Instead of using PCM on the A-Interface it is already before AoIP possible to use TFO for transcoding free operation.

· With AoIP it is possible to just repack the Speech packets (i.e. to remove redundancy etc used on GAN) and send them via “Full-IP” on the A-Interface.
2.2 Transport network User Plane for A over IP [2] 
2.2.1 PCM coded speech (G.711) over IP
A first migration step which can be seen as an “interim” solution can be introduced with no changes on the functional division between Base Station System (BSS) and CS Core Network as specified in TS 48.002. Specifically the transcoding is left within the BSS. Figure 2 below shows the proposed protocol stack for the A interface transport over RTP/UDP/IP. 
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Figure 2  User Plane: G.711 over IP

2.2.2 Compressed speech and data/fax over IP

The full migration to AoIP will carry compressed speech across the A interface over the RTP/UDP/IP protocol stack. The payload of both speech and CS data/fax is encapsulated into RTP packet and is carried by the UDP/IP protocol. The user plane of the A interface is shown in Figure 3.
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Figure 3  User Plane: AoIP protocol stack

3 Proposed solution

The GAN CS Domain can be more efficient to enhance the performance by aligning GAN CS Domain to AoIP. The Codec/Rate Adaptation functionality is removed in the new architecture in order to reduce delay and to reduce the GANC load of disposing frames. The proposed GAN protocol architecture is illustrated in Figure 4.
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Figure 4  GAN CS Domain aligning with AoIP
The main features of the Proposed CS domain user plane of the Up interface are as follows:

· The underlying Access Layers and Transport IP layer provides the generic connectivity between the MS and the GANC. No modification is required to legacy GAN architecture.
· The IPsec layer provides encryption and data integrity. No modification is required to legacy GAN architecture.
· CS domain user plane is transported over RTP/UDP between MS and GANC or MGW. In the case speech over IP, the user plane can be transported directly between MS and MGW to reduce the end-to-end delay without decoding/encoding and simplifying the GANC.
· Support for AMR FR codec, as specified in 3GPP TS 26.071, is mandatory when operating in GAN A/Gb mode with support for other codecs being optional. No modification is required to legacy GAN architecture.
· CS-data is transported over RTP/UDP by defining a new RTP frame format to carry the TAF (see 3GPP TS 27.001: "General on Terminal Adaptation Functions (TAF) for Mobile Stations (MS) -TRAU (V.110‑like) frames over RTP. No modification is required to legacy GAN architecture. 
· TTY is transported using CTM over GSM codec over RTP/UDP. No modification is required to legacy GAN architecture.
· In the case of PCM over IP or Compressed speech over IP with TRAU in RAN sides the GANC needs re-framing, the GANC re-frames the CS domain user plane between RTP/UDP and the speech bearers over the A-interface. The user plane will be bypassed in GANC.
· No modification to CN.
3.1 Control Plane Principles
When the Codec Type is negotiated for AoIP on the A interface during Call Setup, also the Codec Configuration, the location of the Transcoder resource and the Interface Type are negotiated and decided. 

In the proposed AoIP-GAN CS domain, if the GANC finally select the AMR as Codec Type and the Full IP as Interface Type, the exchange of Transport Layer Information (i.e. IP-address + UDP port) between MS and MGW may be performed. Figure 5 below shows a possible signalling sequence to exchange Transport Layer information between MS and MGW via GANC.
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Figure 5  Exchange of Transport Layer Information via GANC with an AoIP-Container
The GANC may re-configure Traffic Channel by sending GA-CSR CHANNEL MODE MODIFY to modify the channel mode, e.g. RTP Redundancy Configuration, Sample Size, to align with the ones used in A-interface after sending Assignment Complete message.

During Handover procedure the GANC receives the Handover Request from MSC and if the GANC selects Full IP as Interface Type the GANC will convey the AoIP container of MS within Handover Request Acknowledge after having activated the GA-CSR Traffic Channel.
3.2 Impacts
The modifications in specifications are as follows:

· Traffic Channel assignment procedure in TS 43.381/44.318: The IP Transport Layer Information from MGW is sent to MS in stead of GANC.
· Assignment Complete in TS 48.008: The IP Transport Layer Information of MS is sent to MGW in stead of GANC.
The implementation issues are as follows:

· In GANC the Codec/Rate Adaptation and UDP/RTP layers are removed and then the inner destination address of MS will be the MGW instead of GANC.
· No impact to CN. The GAN-specific encryption is provided by IPsec.
· IP layer (same as Remote IP) in GANC performs the routeing functionality and transparently conveys the CS UP transport to/from MGW.
· The Remote IP layer in MS shall be reconfigured after Call Setup if the IP Transport Layer Information is changed.
· The GANC shall decide whether to perform Codec/RA according to the selected Codec Type and Interface Type.
For mobile operators, as the scale of GAN deployment is limited so far, the PCM over IP scenario is in most cases not the future proof choice for GAN. Deployed GANC can be updated to support AoIP through removing TC. 
4 Conclusion

This paper proposes the GAN CS Domain architecture aligning with AoIP and highlights the following main ideas:

· In the case Full IP the Codec/RA is removed from GANC;
· The Transport Layer IP information of opposite call entity is exchanged between MS and MGW via GANC in the case that Full IP is selected as interface type during call setup.
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