Ad-hoc on A/Gb evolutions

Tdoc AHAGB-023

Kista, Sweden
Agenda Item 5.2.1

11th – 13th June 2002

Source: Alcatel



A simplified approach for supporting IMS in A/Gb+
1 Introduction

Considering that the feasibility study on A/Gb evolutions is trying to assess whether evolving GERAN A/Gb mode towards supporting IMS-based services appears feasible, this paper would like to propose a simplified approach as far as the radio support for real-time QoS is concerned, leveraging the existing standards. Indeed, one of the main drivers for proposing an alternative to GERAN Iu mode was the willingness to build up on the existing A/Gb mode and avoid redesigning the whole protocols and architecture from scratch. If it is concluded that IMS services can be offered by evolving GERAN A/Gb mode smoothly, it offers a clear and cost-efficient evolution path for the operators.

2 Status regarding the radio support of real-time QoS

2.1 In GERAN Iu mode

It should first be noted that real-time services coming from the PS domain cannot be supported in GERAN Iu mode today. Indeed, the use of dedicated channels would require header removal and such function is still undefined. The use of shared channels would require TBF handover which is not defined. The only option left is the PDTCH on DBPSCH channel combination; however, the usage of EEP for carrying voice frames would make it so inefficient that it does not seem viable.

2.2 Requirements expressed in A/Gb mode

Two requirements on the radio channel combinations for support of conversational and streaming services are expressed in the feasibility study:

· Signalling channel for measurement reporting, and

· possibility to provide a guaranteed bit-rate.

2.3 Current proposal

The only proposal so far has been that the support of real-time services over the Gb interface can be fulfilled on the radio interface through a new channel combination, consisting of a PDTCH and a SACCH. The SACCH channel would be used to obtain measurement information in the MS and to report measurements to the network. This is required for being able to perform handovers.

2.4 Drawbacks

The existing proposal would have the following impacts:

· the BTS and the MS have to support a new channel combination

· the PCU has to process the measurement reports and implement handover algorithms

· a new procedure has to be introduced on the radio interface for handing over this new channel combination

· it is not clean from an architecture standpoint since the SACCH would use LAPDm as a layer 2 and the PACCH uses RLC/MAC, both protocols terminating in different network nodes (LAPDm in the BTS, RLC/MAC in the PCU)

Also the PDTCH is a uni-directional channel although real-time services tend to require bi-directional channels. Even for streaming, which is mainly a uni-directional application, it seems difficult to allocate the return direction to other users, since those users would very likely generate traffic in the other direction, thereby pre-empting the streaming PDUs in a non-acceptable manner.

3 Simpler proposal

This simple proposal consists in leveraging the existing radio channels and protocols that are used for real-time services when relayed through the MSC. Instead of using shared channels for exchanging real-time PDUs received from/sent to the SGSN, why not use dedicated channels ? When real-time and non real-time services need to be supported simultaneously, the existing DTM procedures can be used to control the set-up and release of the various flows. The proposed evolution can be illustrated in the following figure:
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4 Support of IMS based on this solution

In today’s GSM/GPRS architecture, one unit in the BSS is connected to the A interface and handles circuit-switched calls. Another unit is connected to the Gb interface and handles packet-switched calls. The CS calls are carried over dedicated channels, while PS calls are carried over shared channels. Although functionally the two units are different, they can physically be integrated or split (architecture left open).

Support of non real-time services in the unit connected to the Gb interface can be realised as today. Support of real-time services coming from the PS domain is proposed through the following fonctions:

1. Support of the IMS Core Network architecture and protocols as defined in Rel-5: the work is being completed and no impact is anticipated since IMS services are supposed to be radio access independent

2. Support of the Packet Flow Context procedure to negotiate R99 QoS parameters with the SGSN upon PDP context activation/modification: this function already exists

3. When a PFC is created/modified for a real-time flow, the unit triggers the set-up/modification of a dedicated channel: new function in the BSS but very limited impact on the radio access network, Abis and radio interfaces

4. The real-time PDUs received/sent on the Gb interface are transported over the radio interface through dedicated channels: new function in the BSS but no impact on the radio access network (open point though: which entity/layer should perform security-related functions ? The simplest approach would be to keep it in the physical layer in the BTS when dedicated channels are used.)

5. Support of relocation of the Gb link (from BSS A-SGSN A to BSS B-SGSN A/B) when the MS moves to a cell controlled by a different BSS and there is an on-going real-time session through the Gb interface: new function; non-negligible impact expected on the SGSN

6. When a handover is required on the radio interface, the existing procedures and mechanisms defined on dedicated channels are used from a radio standpoint; the only difference is that the MSC is not informed; instead, the unit connected to the Gb interface is informed and ensures the relocation of the Gb link if necessary: new function in the BSS but no impact on the radio access network

5 Pros and cons

5.1 Pros

The advantage is that existing procedures are reused. There is no need to introduce a new channel combination, no need for introducing TBF handover. The impacts on a R99 Mobile Station supporting Dual Transfer Mode are put to a minimum (the PDP context for which a dedicated channel is assigned must be indicated to the Mobile Station). There is no need to define a new protocol layer above RLC/MAC since the RR layer above LAPDm can be reused. All the signalling can be performed through the existing SACCH and FACCH channels. Of course, this does not prevent from upgrading the existing DTM procedures for supporting simultaneous handover of real-time traffic carried over dedicated channels and non real-time traffic carried over shared channels. It basically allows to introduce support of IMS in GERAN A/Gb mode at minimum cost.

5.2 Cons

The unit connected to the Gb interface today only handles shared channels. An upgrade is required to be able to handle dedicated channels. One simple way to do this is that the unit connected to the A interface is used and real-time traffic is routed transparently through the unit connected to the Gb interface.

6 IMS call set-up flow based on this solution

To be complete, the scenarios should cover the case of a Mobile Originated call and of a Mobile Terminated Call through the PS domain. One step in those scenarios will be the set-up of a dedicated channel upon PFC creation. The IMS 3GPP specifications (23.228 and 24.228) define the various call set-up flows (Mobile Origination and Mobile Termination, UE in the home network or UE in a visited network) and it is not the purpose of this paper to recall them. In all scenarios, the important step which this contribution is trying to address is the “resource reservation”. In the case of an MO session set-up, this happens between the sending of the “Final SDP” and “Resource Reservation Successful” messages. In the case of an MT session set-up, this happens after the Final SDP has been received from the calling party.

Note that the SIP client operating in GERAN A/Gb mode will need to know the radio access capabilities of its serving BTS prior to media flow characteristics negotiation at SIP level. To this avail, a solution similar to the one proposed in a previous Alcatel contribution could be used whereby the BSS makes known its capabilities to the MS at the time of or before the PDP context activation for SIP signalling.

It is assumed that the PDP context for SIP signalling is established and that the MS is in Packet Idle Mode when performing resource reservation (if a TBF is on-going, then the first TBF set-up is skipped). The following flow diagram illustrates the various steps proposed in this contribution.
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(1) The MS triggers a secondary PDP context activation for the media flow, the QoS parameters of which have been negotiated at SIP level. For this purpose, the MS requests an uplink TBF on shared channels.

(2) When the SGSN receives the ACTIVATE PDP CONTEXT REQUEST from the MS, it creates the PDP context in the GGSN and then sends a CREATE BSS PFC on the Gb interface, in order to ask the BSS to reserve the necessary radio resources for the real-time media flow.

(3) The requested QoS indicates real-time characteristics. The proposal is to allow the BSS allocating dedicated resources. Two methods are proposed in case the BSS can assign such resources in line with the requested QoS: re-use as much as possible the legacy techniques by paging the MS or introduce a new assignment message. It can be noted that the MS is necessarily in GMM READY state since an uplink LLC PDU has just been sent, containing the ACTIVATE PDP CONTEXT REQUEST.

(3a) MS is paged: in today’s A/Gb standards, an MS can be paged for CS services only if a CS paging has been received from the MSC. It is proposed in this method that the BSS generate a paging for real-time services after receiving a request from the SGSN. Depending on the radio state of the MS, the paging message is sent either on common control channels or on the PACCH of an on-going TBF. This would be similar to a CS paging, except that an indication would be present to inform the MS that this paging comes from the PS domain. If one or more TBF(s) were on-going, the MS will then return to common control channels and initiate random access asking for dedicated resources (another option could be to enhance the DTM procedures and allow the MS initiating a dedicated access through the PACCH of an-going TBF). The BSS will then allocate dedicated resources and the MS will establish the layer 2 signalling link. It is proposed that the MS sends a GPRS INFORMATION message, containing the TLLI of the MS and an empty LLC frame (or a NULL one), piggy-backed to the SABM message. The TLLI will be forwarded to the BSS so that the BSS can associate the newly established connection to the request received in the CREATE BSS PFC. In case the assigned resources do not meet the requested QoS, an intra-cell handover is performed assigning resources in line with the request, if available.

(3b) MS is directly assigned dedicated resources: a new assignment message could also be introduced in the standard, avoiding the need for paging the MS. The BSS would then directly assign the dedicated resources through a new message sent on the common control channels (MS in Packet Idle Mode) or on the PACCH of an on-going TBF (MS in Packet Transfer Mode). The MS will then activate the new resources (possibly switching to RR Dual Transfer Mode, if one or more TBF(s) were on-going, and enhancements to DTM are brought) and establish the layer 2 signalling link. As in the previous option, the MS will send the GPRS INFORMATION message containing the TLLI, which will be forwarded to the BSS. This time the assigned resources should be in line with the requested QoS.

(4) The BSS then acknowledges the PFC creation to the SGSN. Note that in case the BSS could not assign dedicated resources meeting the requested QoS, it can first try to negotiate the QoS parameters, and if the negotiation is successful, it would then perform the dedicated channel set-up.

(5) The PDP context activation is then completed (through the set-up of a TBF, or using the GPRS INFORMATION message, or using an on-going TBF if still running).

(6) The call set-up can then be completed at SIP level.

When the session has started, the real-time PDUs are routed as follows:

· network to MS direction: GGSN --> SGSN (Gn interface), SGSN --> BSC (Gb interface), BSC --> BTS (Abis interface), BTS --> MS (Radio interface)

· MS to network direction: MS --> BTS (Radio interface), BTS --> BSC (Abis interface), BSC --> SGSN (Gb interface), SGSN --> GGSN (Gn interface)

On the Gb and Gn interfaces, the PDUs are routed as packets. On the Abis and radio interfaces, the PDUs are carried over dedicated channels.

During the real-time flow, measurement reports are sent from the MS to the BSS through the existing SACCH. Based on those reports, the BSS can perform handovers, using existing mechanisms. When a handover decision is taken, the radio link can be relocated as today; the Gb link may also need to be relocated (not in the scope of this contribution).

7 Expected impacts

7.1.1.1 Impact on the protocol layers

Radio interface:

· physical layer: no impact

· LAPDm: no impact

· RLC/MAC: either new indication in the “CS” paging message (this page is coming from the PS domain and is asking for the set-up of dedicated resources) or new dedicated channel assignment message (usable on PCCCH or PACCH)

· RR: same as above for the case of an MS camping on CCCH – the dedicated assignment message will need to contain the PFI to which the dedicated resources are associated

· Upper layers: no impact

Gb interface:

· layer 1 / layer 2: FFS whether adaptations are needed for the support of real-time services sensitive to jitter

· BSSGP: no impact (open issue: mapping of PDP contexts over Packet Flow Contexts; interworking with LLC SAPIs)

7.1.1.2 Impact on the system elements

7.1.1.2.1 Impact on the terminal

Apart from the new paging field or new dedicated assignment message, no impact is anticipated. Of course, the terminal has to support IMS and the SIP layer needs an interface to the Session Management layer.

7.1.1.2.2 Impact on the RAN

A new function is required in the BSC to be able to:

· route packets received/sent from/to the SGSN to/from dedicated channels. Basically this requires a user-plane between the unit connected to Gb and the unit connected to the A interface.

· Set-up/modify dedicated resources upon PFC creation/modification for real-time services

· Reserve some bandwidth on the Gb interface if based on frame relay (?); if based on IP, it is FFS what enhancements are required to be able to support real-time flows

It is assumed that the BSS supports DTM procedures, PFC procedures and R99 QoS handling. It should be noted that the transcoding function is no longer needed in the RAN; only the multirate codec mode control is left.

7.1.1.2.3 Impact on the CN

As such, there is no impact in the CN when it comes to the radio support of real-time QoS. Considering the network support, the SGSN will be required to support Gb link relocation procedures (FFS) and it is a pre-requisite that it supports PFC procedures.

7.1.1.3 Impact on the standards

7.1.1.3.1 Affected specifications

23.060: description of the IMS support in GERAN A/Gb mode

44.018:

· introduction of the new paging field/new assignment message when the BSS has to assign dedicated resources via the CCCH

· definition of the dedicated channel set-up procedures when such an assignment is received (the GPRS INFORMATION message is proposed to be used)

· a priori no impact on handover (the PFI may need to be added; also, depending on what enhancements are brought to security mechanisms, an HFN may be introduced and special handling will be required upon handover)

· introduction of a means to make known to a SIP agent what are the codec capabilities of the local BSS

45 series: no impact anticipated

48.018:

· clarification that upon PFC creation/modification for a real-time flow, dedicated resources can be assigned

48.058:

· Impact likely if new dedicated assignment message/paging field is introduced

7.1.1.3.2 Estimated standardisation time

Given the very few impacts that are anticipated for the support of real-time QoS in the radio access network based on this solution, two TSG GERAN WG2 meetings should be sufficient for drafting the corresponding Change Requests (provided companies contribute of course !).

8 Conclusion

This paper has proposed an alternative to the one currently captured in the feasibility study for A/Gb evolutions. This alternative proposes to assign dedicated resources for the support of real-time flows coming from the PS Core Network and to re-use existing procedures for setting-up / handing-over dedicated resources on the radio interface. This solution allows building up on functions that have been introduced in the previous releases, namely the DTM and PFC procedures. Little effort is expected in terms of standardisation effort and it allows the support of IMS services from a radio standpoint. The following core network impacts remain to be addressed:

· relocation of the Gb link

· header removal function

· mapping of the real-time PDP contexts over Packet Flow Contexts

· handling of MS mobility when there is a real-time flow on-going
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