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Handling simultaneous CS and PS connections with enhanced A/Gb

1. Introduction

This paper investigates the functionality required in A/Gb mode (enhanced A/Gb) to support simultaneous CS and PS sessions.  Starting from the capabilities offered by GERAN Iu mode, this paper considers the advantages/disadvantages to enhance the current Release 4 A/Gb DTM functionality for Release 5.  It is provided in order to aid progress in the enhanced A/Gb feasibility study.  

2. Assumptions and Scope

The scope of this paper is the support of simultaneous CS and PS sessions in A/Gb mode.  It covers the support of multiple TBFs, PS handover, the addition of CS connections to an existing PS session and the release of CS resources from a DTM state.  

It is assumed that enhancements to the A/Gb functionality will be based on the existing DTM functionality as the easiest upgrade path.  

3. Iu Mode Functionality

In GERAN Iu mode it is possible for an MS to have one or more dedicated channels (DBPSCHs) and one or more shared channels (SBPSCHs) according to the mobile’s multislot capability.  The allocation/release of these channels are controlled by a common function within the GERAN provided by the RRC layer.  The RRC controls the DBPSCHs (whether TCH or PDTCH) and the MAC layer controls the SBPSCHs (PDTCH).  The MAC can only assign resources to an MS from the pool of resources (SBPSCHs) the RRC has given to the MAC.  This is shown in Figure 1.
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Figure 1: Protocol entities controlling physical resource allocation

Signalling between the MS and the GERAN is achieved using signalling radio bearers (SRBs) which can be carried over any relevant channel using the RLC/MAC protocol (e.g. PDTCH, SACCH, FACCH) as appropriate.  

Radio Bearers can be set-up, modified or released using the appropriate RRC signalling messages.  The GERAN decides how and when to allocate new physical resources e.g. DBPSCH.

Figure 2 depicts the available functionality in release 5 for the simultaneous support of CS and PS sessions.  For Iu mode, both DBPSCH(s) and SBPSCH(s) can be half rate or full rate.  A DBPSCH, according to [2], can either be a TCH-type or a PDTCH-type.  A DBPSCH can support multiple TBFs when it is a PDTCH-type as can an SBPSCH.  These basic physical channels are all under the control of a single entity, RRC, and can therefore be co-ordinated appropriately.  

In A/Gb mode the DTM cases are much more restrictive and cannot support PDTCH-type DBPSCHs.  The A/Gb mode functionality is taken from Release 4 DTM capabilities as follows:

· Single CS TS per MS only

· Support for single TCH/H plus PDCH/H

· Single TBF (in each direction) on PDCH

· Multiple shared resources PDCHs (but only one TBF per MS)

· Exclusive allocation for single-slot operation, exclusive or (extended) dynamic allocation for multislot operation.
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Figure 2
Release 5 CS and PS Channel Capabilities

Possible enhancements to the A/Gb mode DTM case are:

· Multiple CS TS per MS

· Single / multiple dedicated PS TS per MS

· Multiple TBF (in each direction) on PDTCHs

· Modified allocation scheme similar to dedicated allocation in Iu mode.

4. Enhancements to A/Gb

The following sections look at some of the existing DTM functionality that could be enhanced in A/Gb mode of operation.  

4.1. Multiple TBF support

Release 4 DTM, like all release 4 functionality, does not allow for the possibility of multiple TBFs.  Multiple TBFs are being incorporated into Release 5 in order to allow increased QoS to support the services required for both 2G and 3G networks.  

Multiple TBFs is being covered in other contributions, however the specific case of exclusive allocation is addressed here.  Exclusive allocation is mandatory for the PDCH/H channel used in combination with the TCH/H.  It is also an option to use exclusive allocation with an uplink PDCH, but the downlink PDCH must always be shared for release 4 DTM.  

Introducing multiple TBFs to a PDCH (half or full rate) meets with the same issues faced in the uplink multiplexing on DBPSCH discussions in Iu mode.  The conclusion was the introduction of “dedicated allocation” for Iu mode where the GERAN must schedule the uplink TBFs via USF and where inactive uplink TBFs that become active should use a stealing mechanism to notify the GERAN they are to be scheduled.  

If multiple TBFs are to be introduced for DTM, exclusive allocation may need to be modified by introducing the same uplink functionality as dedicated allocation in Iu mode.  

4.2. Establishing a CS connection during a PS session
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Figure 3
DTM Procedure for establishing a CS Connection whilst in Packet Transfer Mode

The current method of establishing a CS connection during a PS session in Release 4 DTM is shown in Figure 3.  It is taken from [3].  To summarise, the packet session is first aborted, a dedicated channel is established for signalling and a DTM request and assignment procedure is initiated allowing the PS session to be re-established.  In parallel to this, the CS connection can be established.  

This procedure is complex and involves a period of time when the PS session is unavailable.  For some services, this time period may or may not be acceptable.  For streaming services it is thought to be acceptable, although it may be that downlink data will be lost in RLC unacknowledged mode.

Therefore, depending on the QoS and service requirements in enhanced A/Gb mode, a method of adding the CS connection without disrupting the existing PS session needs to be provided in an enhanced A/Gb.  One proposal to do this is found in [3] and repeated in Figure 4.  
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Figure 4
Possible enhanced procedure for establishing a CS Connection whilst in Packet Transfer Mode

Essentially this procedure modifies the signalling flows that can be used on the Um interface for the DTM signalling between the MS and the GERAN. 

The problem with introducing this behaviour is that the network must have considerably more co-ordination between the PS and CS domains (for example, by providing the IMSI to the BSS in downlink PDUs).  The radio resource control functions must co-operate in order to allocate CS resources on the appropriate frequency and timeslot to match with the existing PS resources.  If this is not possible then some internal resource re-organisation is required in order to end-up with the appropriate resources for both the CS connection and the PS session.  This is a time-critical task (so as to avoid service interruption for either domain) and is particularly important in NMOII where there is no paging co-ordination in the CN or in the RAN (GPRS MS listens to CCCH even while in packet transfer mode).

This combined resource assignment would be the task of the RR in A/Gb mode, and enhancements would be needed (similar to the functionality of RRC in Iu mode).

A further question arises with regard to the behaviour of the GERAN and/or the MS when it is paged for a CS connection.  If the GERAN can only find resources for the CS connection without the appropriate PS resource available, should the CS connection be set up and the PS session dropped?  This situation is valid during handover also. In such cases, would a “RAB establishment failure” message need to be defined such as in UTRAN (FFS)?

4.3. Establishing a PS session during CS call

The current mechanisms for DTM in Release 4 seem to work for this scenario.  The CS connection is maintained and the PS session is established fairly rapidly.  Therefore there is no need to enhance these procedures.  The difference in this case to the previous section is that the PS session establishment signalling can be performed with minimal disruption to the CS call.  Signalling can be sent on the FACCH which is limited in its ability to steal from the voice data blocks.  For CS data, there may be more service degradation if the signalling messages become too long.

4.4. Release of CS resources from DTM

According to [3], when an MS releases CS resources whilst in DTM, the packet resources must also be released and then re-established.  In order to reduce the service interruption time in this case, the DTM procedure allows the PSI 14 message to be sent on PACCH during DTM so that the MS knows either the location of the PBCCH or most of the SI 13 information if a PBCCH is not supported.  This functionality happens to form part of NACC; if NACC is not supported, then the performance of DTM will be impaired.  NACC is therefore required to reduce service interruption.

To summarise, the service interruption may or may not be acceptable behaviour depending on the service of the PS session (e.g. conversational or streaming service) and whether NACC is supported.

4.5. Handover of PS and CS connections

As there is no awareness in the 2G CN of the presence or state of the other domain, there is no means of co-ordinating the handover of PS and CS connections belonging to one MS in the CN so this must be done in the BSS.  

Handover of an MS in DTM state without dropping the PS session would require the introduction of a “container” or information element in the Handover Command (and possibly the Gb relocation?) message informing the target BSS of the state of shared and dedicated resources of the MS (in DTM state).  This is FFS.  The BSS still needs to trigger two handover/relocation procedures, one for each CN domain.  

5. Conclusions

In order to extend the A/Gb mode functionality for the support of simultaneous CS and PS sessions, several enhancements have been identified.  

· Extension of the DTM model to allow more than one dedicated (CS) TS per MS

· Extension of the DTM model to allow truly dedicated channels for PS e.g. dedicated allocation in uplink and downlink, but supporting multiple TBFs

· Enhancement to the procedures for setting up a CS call during a PS session without service interruption

· New co-ordination of handover of PS and CS connections of an MS in DTM state

· New procedures for releasing CS resources whilst in DTM without having to drop the PS session. 

· Introduction of multiple TBFs to exclusive allocation (dedicated channels).  

The recommendations of this paper are to decide which of the above enhancements are desirable and additionally to study the feasibility of combined handover/relocation procedures.  The above points require enhancement to the Um interface and extra co-ordination functionality in the GERAN between RR and MAC. 
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