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GAN Enhancements: UGAN
1. Introduction

This document describes the Nokia proposal for GAN Enhancements. It gives a description of architecture for Generic Access (GA) to the Iu interface. In a similar fashion to GAN (see [1], [2]), Generic Access to the Iu interface allows tunnelling Non Access Stratum (NAS) protocols between the mobile station (UE) and the 3G Core Network over an IP network. This proposal maximizes the commonalities with GAN while not relying on the A/Gb interface.
Generic access to the A/Gb interface is defined in 3GPP TSs 43.318 [1] and 44.318 [2].
2. DefinitionS
UGAN (UMTS Generic Access Network): access network which provides access to Iu interfaces via an IP network. 

UGANC (UMTS Generic Access Network Controller) is a network node that connects to the 3G-MSC via the standard Iu-CS interface and 3G-SGSN via the standard Iu-PS interface and enables access via a generic IP network. UGANC is seen as an RNC by the 3G CN and it provides equivalent functions to that of an RNC. 

3. Functional architecture of UGAN
The functional architecture of UGAN with UGANC (peer of the GANC, with Iu interface) is seen in Figure 1.
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Figure 1: UGAN functional architecture with UGANC

4. main features 
The main characteristics of the UGAN architecture are:

· UGAN capable UE

· UMTS Generic Access Network Controller (UGANC). The UGANC appears to the core network as a UTRAN Radio Access Controler (RNC). It includes a Security Gateway (SEGW) that terminates secure remote access tunnels from the UE, providing mutual authentication, encryption and data integrity for signalling, voice and data traffic.

· A Generic IP Access network providing connectivity between the UE and the UGANC. The IP transport connection extends from the UGANC to the UE. A single interface, the Uup interface, is defined between the UGANC and the UE.

· Co-existence with UTRAN and interconnection with the 3G Core Network (CN) via the standardized interfaces defined for UTRAN:

· Iu-cs-interface for circuit switched services as defined in 3GPP TS (3GPP TS 25.413 [3])

· Iu-ps-interface for packet switched services as defined in 3GPP TS (3GPP TS 25.414 [4])

· Iu-pc (Iupc) interface connects UGANC to the Stand-Alone SMLC (SAS). SAS provides GPS related data to the UGANC and may perform the position calculation function

· Iu-bc interface from an UGANC towards the Broadcast domain

· Transaction control (e.g. CC, SM) and user services are provided by the core network (e.g. MSC/VLR and the SGSN/GGSN)
· Use of AAA server over the Wm interface as defined by 3GPP TS 29.234 [5]. The AAA server is used to authenticate the UE when it sets up a secure tunnel. Note that only a subset of the Wm functionalities is required for the UGAN application. As a minimum the UGANC-SEGW shall support the Wm authentication procedures.
5. FUNCTIONAL entities
5.1 UE

The UE contains a new functional block to access a UMTS Generic Access Network (UGAN).

5.2 UMTS Generic Access Network Controller (UGANC)

The core network interacts with the UMTS Generic Access Network Controller (UGANC) as though it was an RNC. The generic IP access network provides connectivity between the UGANC and the UE. The UGANC entity inter-works between the Iu interfaces and a generic IP access network, using the following functionality:

• User plane circuit switched services:

· Reframing of AMR/RTP to AMR/(Iu-cs-interface framing). 
· In case of TrFO less need for PCM/AMR transcoding due to support in UMTS. 
• User plane packet switched services:

· Inter-working data transport channels over Uup interface to packet flows over Iu interface.

• Control plane functionality:

· Security Gateway (SEGW) for the set-up of a secure tunnel to the UE for mutual authentication, encryption and data integrity. The SEGW provides a subset of the Wm functions, specifically the authentication procedures.
· Registration for UGAN access and providing system information.
· Management of UGAN bearer paths for CS and PS services, including the establishment, administration, and release of control and user plane bearers between the UE and the UGANC.

· Functionality providing support for paging and handover procedures.

· Transparent transfer of L3 messages (i.e. NAS protocols) between the UE and core network.
6. Control and User Plane Architecture
6.1 CS Domain - Control Plane - UGAN Architecture
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Figure 2: CS Domain Control Plane Architecture
· Functions which are extra/different compared to GANC: Uup control functionality, functions equivalent to UMTS RRC such as paging and handovers. Set-up of UGAN bearer paths for CS and PS services between the UE and the UGANC, according to UMTS RRC logic. 

6.2 CS Domain - User Plane - UGAN Architecture
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Figure 3: CS Domain User Plane Architecture
· Uup user plane circuit services are similar as for Up, but less need for PCM/AMR transcoding due to standard mechanism in UMTS to support Transcoder Free Operation (TrFO).
6.3 PS Domain - Control Plane - UGAN Architecture
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Figure 4: PS Domain Control Plane Architecture
· Functions which are extra/different compared to GANC: Uup control functionality, functions equivalent to UMTS RRC such as paging and handovers. Set-up of UGAN bearer paths for CS and PS services between the UE and the UGANC, according to UMTS RRC logic.
· The UGA-RRC protocol carries GPRS signalling messages as for UTRAN RRC.

· The UGANC terminates the UGA-RRC protocol and inter-works with the Iu-interface using RANAP / SCCP protocols. 

6.4 PS Domain - User Plane - UGAN Architecture
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Figure 5: PS Domain User Plane Architecture
· Uup user plane data services: Inter-working data transport channels over the Uup interface to packet bearers over the Iu-PS interface.
· The UGANC terminates the UGA-PSR protocol and inter-works with the Iu-interface using GTP-U.
6.5 PS Domain - UE Architecture
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Figure 6:UE PS Domain Architecture in Iu mode
· The GMM-RR SAP to the GPRS-GMM layer is preserved.

· The IP SAP interface to the GPRS-IP layer is preserved.

· An access mode switch is provided to switch between 3G and UGAN modes.

· UGA-PSR peers with 3G-PDCP/RLC to provide coordination for roving and handover.

· Optimized protocol stack, LLC&SNCDP layers are removed when using 3G-GPRS.
7. Affected Procedures
7.1 Mode selection 
On A/Gb / Iu mode selection during the (U)GAN registration UE includes supported modes in GAN Classmark and UE/(U)GANC session behavior is based on that mode. 
MS/UE Capability Information: (GAN/UGAN support: whether the MS/UE supports GAN only, UGAN only or both GAN/UGAN modes) in GAN Classmark.
7.2 NAS/MM procedures with the CN after successful UGAN registration
Following the successful UGAN registration procedure, the UE can next trigger the adequate and necessary NAS/MM procedures with the core network e.g. such as IMSI attach, Location/Routing Area Update depending of the context and situation. Here is below an example how this is done:
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Figure 7: Establishment of the UGA-RRC Connection
1. The UE initiates UGA-RRC connection establishment by sending the UGA-RRC REQUEST message to the UGANC. This message contains the Establishment Cause (e.g. IMSI attach, LAU/RAU) indicating the reason for UGA-RRC connection establishment.

2. UGANC signals the successful response to the UE by sending the UGA-RRC REQUEST ACCEPT.

3. Alternatively, the UGANC may return a UGA-RRC REQUEST REJECT indicating the reject cause.
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Figure 8: Uplink transfer of the initial NAS/MM message
4. For UE initial NAS/MM signalling, the UE UGA-RRC receives a request from the NAS layer to transfer an uplink NAS signalling message. The UE UGA-RRC encapsulates the NAS message within a UGA-RRC UL DIRECT TRANSFER message and sends the message to the UGANC via the existing connection.

5. The UGANC relays the received message to the Core Network encapsulated in the RANAP:INITIAL UE MESSAGE which establishes a connection oriented signalling connection over Iu.
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Figure 9: NAS transaction between UE and CN

The step a to c are repeated for each NAS transaction between UE and CN e.g. IMSI check, authentification (key generation), IMSI check.

6. As soon as the IMSI is available in the CN, the CN should send it to UGANC in the RANAP:COMMON ID message.
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Figure 10: Security Mode Control procedure
7. The CN sends RANAP "Security Mode Command" message to UGANC. This message contains the cipher key (if available) CK, the integrity protection key IK, and the algorithms that the UGANC may select. The UGANC decides which algorithms to select (not to use though) by taking the highest preference algorithm from the list of allowed algorithms that matches any of  the algorithms supported by the UE (indicated in the MS/UE capability info). The UGANC generates a random value FRESH but do not initiates any integrity protection nor any ciphering (IPSEC tunnel over Uup interface should already be enough to ensure security, if integrity protection also needed, this can simply be done as in UMTS). If the requirements received in the Security mode command can not be fulfilled, the UGANC sends a SECURITY MODE REJECT message back to the CN.

8. The UGANC sends UGA-RRC SECURITY MODE COMMAND to the UE. The purpose of this message is only to indicate to the UE all the ciphering and integrity protection information (e.g. chosen algorithm, random number, “UE security capability”) to be used after handover to UTRAN. The UE stores the information for possible future use after a handover to UTRAN. Before sending this message to the UE, the UGANC generates the MAC-I (Message Authentication Code for Integrity) and attaches this information to the message.

9. At reception of the Security mode command message, the UE compares that the "UE security capability" received is equal to the "UE security capability" sent in the initial UE capability info (note that the same applies to the GSM ciphering capability if it was included too). The UE computes XMAC-I on the message received by using the indicated UIA, the stored COUNT-I and the received FRESH parameter. The UE verifies the integrity of the message by comparing the received MAC-I with the generated XMAC-I. The UE then sends UGA‑RRC SECURITY MODE COMPLETE message with a computed MAC-I back to the UGANC.

10. At reception of the response message, the UGANC computes the XMAC-I on the message. The UGANC verifies the data integrity of the message by comparing the received MAC-I with the generated XMAC-I. If everything is correct, it sends Security Mode Complete message to the CN.
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Figure 11: The successful response of the initial NAS signalling
Further NAS/MM signalling can next happen. If no NAS/MM activity happens for a while and/or if the initial transaction (for which the connection was requested in the first place) is completed, the CN can request the release of the connection:
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Figure 12: The release of the connection from the CN

13. The CN indicates to the UGANC to release the connection allocated to the UE, via the Iu Release Command.

14. The UGANC commands the UE to release resources, using the UGA-RRC RELEASE message.

15. The UE confirms resource release to the UGANC using the UGA-RRC RELEASE COMPLETE message.

The UGANC confirms to CN the release of the Iu signalling connection and any resource allocated to the UE using the Iu Release Complete message.
7.3 Call Flow in UGAN (UE originated)
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Figure 13: UE Originated Call in UGAN

The description of the procedure in this sub-clause assumes the UE is in UGAN mode i.e. it has successfully registered with the UGANC and UGA-RRC is the serving RR entity in the UE.
1. The UGA-RRC Connection Establishment procedure is described above.

2.
Upon request from the upper layers, the UE sends the CM Service Request to the UGANC in the UGA-RRC UL DIRECT TRANSFER.

3.
The UGANC establishes an SCCP connection to the CN and forwards the CM Service Request to the CN using the RANAP Initial UE Message. Subsequent NAS messages between UE and core network will be sent between UGANC and CN via UGA-RRC and RANAP DIRECT TRANSFER messages, as shown above.

4.
The CN may optionally authenticate the UE using standard UTRAN authentication procedures.

5. The CN may optionally initiate the Security Mode Control procedure described above.

6.
The UE sends the Setup message providing details on the call to the CN and its bearer capability and supported codecs. This message is contained within the UGA-RRC UL DIRECT TRANSFER between the UE and the UGANC. The UGANC forwards the Setup message to the CN via RANAP DIRECT TRANSFER message.

7.
The CN indicates it has received the call setup and it will accept no additional call-establishment information using the Call Proceeding message to the UE.

8.
The CN requests the UGANC to assign call resources using RAB Assignment Request.

9.
The UGANC sends the UGA-RRC ACTIVATE CHANNEL to the UE including bearer path setup information such as:

-
Max/Guarenteed bit rate.
-
UDP port & the IP address for the uplink RTP stream.

10.
The UE establishes the RTP path to the UGANC. UE optionally sends idle RTP/UDP packets to the UGANC but has not connected the user to the audio path.

11.
The UE sends the UGA-RRC ACTIVATE CHANNEL ACK to the UGANC indicating the UDP port for the downlink RTP stream.

12.
The UGANC establishes the downlink RTP path between itself and the UE. The UGANC may start sending idle RTP/UDP packets to the UE.

13.
The UGANC signals to the CN that the call resources have been allocated by sending an RAB Assignment Response message.

14.
The UGANC signals the completion of the bearer path to the UE with the UGA-RRC ACTIVATE CHANNEL COMPLETE message. An end-to-end audio path now exists between the UE and the CN. The UE can now connect the user to the audio path.

15.
The CN signals to the UE, with the Alerting message, that the B-Party is ringing. The message is transferred to the UGANC and UGANC forwards the message to the UE in the UGA-RRC DL DIRECT TRANSFER. If the UE has not connected the audio path to the user, it shall generate ring back to the calling party. Otherwise, the network-generated ring back will be returned to the calling party.

16.
The CN signals that the called party has answered, via the Connect message. The message is transferred to the UGANC and UGANC forwards the message to the UE in the UGA-RRC DL DIRECT TRANSFER. It connects the user to the audio path. If the UE is generating ring back, it stops and connects the user to the audio path.

17.
The UE sends the Connect Ack in response, and the two parties are connected for the voice call. This message is contained within the UGA-RRC UL DIRECT TRANSFER between the UE and the UGANC. The UGANC forwards the Connect Ack message to the CN.

18.
Bi-directional voice traffic flows between the UE and CN through the UGANC.
7.4 Handover (from GERAN to GAN Iu)
Note. Some message names are to be changed
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Figure 14: Handover from GERAN to GAN Iu

The description of the handover from GERAN to UGAN procedure assumes the following:
· The UGAN Iu cell appears as a WCDMA neighbour

· the MS is on an active call on the GERAN; and

· its mode selection is (U)GAN-preferred, or if GERAN/UTRAN-preferred the RxLev from the current serving cell drops below a implementation specific threshold; and

· the MS has successfully registered with a UGANC, allowing the MS to obtain UGAN system information; and

· the GERAN provides information on neighbouring cells such that one of the {UARFCN, Scrambling code} in the neighbour list matches the {UARFCN, Scrambling Code} associated with the UGANC, as provided in the AS-related component of the system information obtained from UGANC.

1.
The MS begins to include UGAN cell information in the Measurement Report message to the GERAN. The MS reports the highest signal level for the UGAN cell {UARFCN, Scrambling Code}. This is not the actual measured signal level on UGAN cell, rather a artificial value indicating preference for the UGAN.

2.
Based on MS measurement reports and other internal algorithms, GERAN decides to handover to the UGAN cell, using an internal mapping of {UARFCN, Scrambling Code} to CGI. The GERAN starts the handover preparation by sending a Handover Required message to the CN, identifying the target (UGAN) cell.

3.
The CN requests the target UGANC to allocate resources for the handover, using Handover Request message.

4.
The target UGANC acknowledges the Handover Request message, using Handover Request Acknowledge message, indicating it can support the requested handover, and provides a Handover Command message that indicates the radio channel to which the mobile station should be directed.

5.
The CN forwards the Handover Command message to the GERAN, completing the handover preparation.

6.
GERAN sends Handover To UTRAN  Command message to the MS to initiate handover to UGAN. The Handover To UTRAN Command message includes among other parameters information about the target UGAN such as UARFCN, PLMN and Scrambling Code. The MS does not switch its audio path from GERAN to UGAN until handover completion, i.e. until it sends the GA-CSR HANDOVER COMPLETE message, to keep the audio interruption short.

7.
The MS accesses the UGANC using the GA-CSR HANDOVER ACCESS message, and provides the entire Handover Command message received from GERAN. The handover reference in the Handover Command message allows the UGANC to correlate the handover to the Handover Request Acknowledge message earlier sent to the CN and identify the successful completion of the handover.

8.
The UGANC sets up the bearer path with the MS, using the same steps as in steps 9 to 14 of UE Originated Call Flow as defined earlier.

9.
The MS transmits the GA-CSR HANDOVER COMPLETE message to indicate the completion of the handover procedure at its end. It switches the user from the GERAN user plane to the UGAN user plane.

10.
The UGANC indicates to the CN that it has detected the MS, using Handover Detect message. The CN can optionally now switch the user plane from the source GERAN to the target UGAN.

11.
Bi-directional voice traffic is now flowing between the MS and CN, via UGANC.

12.
The target UGANC indicates the handover is complete, using the Handover Complete message. If it had not done so before, the CN now switches the user plane from source GERAN to target UGAN.

13.
Finally, the CN tears down the connection to the source GERAN, using Clear Command message.
14.
The source GERAN confirms the release of GERAN resources allocated for this call, using Clear Complete message.
7.5 UE initiated Activation of UGA-PSR Transport Channel
Procedure is similar as MS initiated GA-PSR Transport Channel activation procedure in GAN with the difference that in Iu-mode IP packets corresponds to LLC-PDUs. 

The UGA-PSR-UNITDATA message is used to tunnel uplink and downlink packet user data messages between the MS and UGANC. RAB-Id can be used to  identify the PDP context so the temporary UE id (RNTI) is not needed between UE and UGANC, which reduces quite much the protocol overhead.
7.6 GPRS suspend and resume procedures
GPRS suspend and resume procedures are not valid in Iu mode.
8. evaluation vs. the objectives
• Offer full services both for GSM and UMTS subscribers

· This proposal is backwards compatible with GAN and provides functions equivalent to a UTRAN Radio Network Controller (RNC). Full services can thus be provided to UMTS subscribers through UGAN (while the provision of full services to GSM subscribers through GAN remains unchanged)
• Offer seamless handovers with full service continuity between 2G/3G networks and UGAN

· This proposal is backwards compatible with GAN and it enables mobile services with minimal impact. The same mobility principles/procedures as with GAN are reused and/or expanded to accommodate for UGAN. The procedures used at for Call Control (CC), Mobility Management (MM), and Session Management (SM) are not changed.
• Reduce protocol overhead and latency for PS services, etc.

· If RAB-ID IE identifies the PDP context in UGA-PSR-UNITDATA message the temporary UE id IE (RNTI) is not needed between UE and UGANC because UGANC can separate data packets. Qos IE is also not needed because IP/WLAN Qos can be used in Uup. The protocol overhead is thereby reduced. 
• Reduce the cost of delivery of packet data services to enable profitable launches of new high volume data services.

· There is no change to standard (Iu-xx) interfaces nor to CN elements, while this proposal also maximizes the commonalities with GAN. UGAN has minimal impact to specifications vs. Rel-6 GAN specifications and minimal impact to implementation vs. Rel-6 GAN implementations. This minimizes time-to-market of new products.

· Core Network optimizations intending to reduce the cost of delivery of packet data services apply to UGAN in the same way as for UTRAN, and as for UTRAN are not natively required. UGAN can thus quickly be deployed within an existing UMTS network

9. proposal
It is proposed to include the text of sections 2-8 in the Technical Report for Enhanced GAN.

10. references
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5. Security Mode Control procedure
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d. RANAP-DIRECT TRANSFER (NAS message)























c. UGA-RRC UL DIRECT TRANSFER (NAS message)











































b. UGA-RRC DL DIRECT TRANSFER (NAS message)



































a. RANAP-DIRECT TRANSFER (NAS message)























6. RANAP-COMMON ID (IMSI)







































CN







UGANC







UE












_1229350567.doc


5. RANAP-INITIAL UE MESSAGE (NAS message)
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11. RANAP-Direct Transfer message (NAS message)
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10. Security Mode Complete
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16. Iu Release Complete
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