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1 Introduction

Since GERAN TSG #7 the GERAN Classmark concept serves as working assumption for the delivery of CS speech services (see [1]). 
The purpose of this contribution is to identify

· necessary enhancements of the GERAN Classmark concept and 

· optional enhancements, which are "nice to have" and therefor not required for the first release of GERAN Iu-mode.

2 Call set-up

For details of the call set-up in GERAN Iu-mode using the GERAN Classmark, see sections 4.2.1 and 4.2.1.1 of [1].

2.2 Scenario

Considering a GERAN network with inhomogeneous codec capabilities (i.e. different channel codings are supported in adjacent or hierarchical cells), the MS might move to another cell during the call set-up procedure, requiring an enhancement of the GERAN Classmark approach.
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Figure 1: Possible scenario requiring an enhancement of GERAN Classmark approach

As can be seen from Figure 1, the MS is served by cell 3, when it initiates the call set-up by establishing the RRC connection. 

1) An RRC connection is established and the MS sends the NAS "CM Service Request (SETUP)" message via the BSC towards the CN.

2) The BSC sends the Initial UE message to the CN. The BSC will include the GERAN Classmark of Cell 3 within the Initial UE message.

3) The MSC negotiates a codec type with the peer MSC taking the GERAN Classmark of Cell 3 into account. The MSC requests the setup of a RAB by sending the RAB Assignment Request message to the BSC.

4) In the meantime the MS has changed to Cell 4, which has less capabilities as Cell 3. Therefor the BSC cannot set-up the corresponding RB, or the set-up will fail as the BTS 2 does not support the appropriate channel coding.

It is assumed that the above outlined scenario is possible as the network will provide different TRX capabilities within different cells (at least during the introduction phase of GERAN Iu-mode). 

But as the period between the Initial UE Message and the RAB Assignment Request will be quite short for the set-up of a speech call, this scenario will occur only in rare cases. 

2.3 Possible solutions

2.3.1 The BSC selects a different codec type

One possible solution would be to adopt the BSC behaviour of GERAN A/Gb mode, i.e. the BSC selects a codec type out of a pool of codec types and reports the chosen codec type to the MSC. 

For GERAN Iu-mode this would mean that the BSC selects a different codec type (which is supported in the current cell) as requested by the MSC and informs the MSC about the chosen codec within the RAB Assignment Response message.

2.3.2 Additional dialogue step during RAB Assignment procedure

Another solution is to report the GERAN Classmark of the new cell within the RAB Assignment Response message to the MSC, if the RAB Assignment failed due a to not supported codec type (see Figure 2). Considering the example in Figure 1, this message can be used to indicate the TRX capabilities of Cell 4 to the MSC. The MSC can then either insert a transcoding entity or initiate a re-negotiation of codec type to the peer MSC. Finally a second RAB Assignment Request message is sent to the BSC requesting the set-up of the RAB for a different codec type.
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Figure 2: Additional dialogue step during RAB Assignment procedure

2.4 Discussion

A comparison between the two possible solutions can be found in Table 1.


BSC selects different codec type (2.3.1)
2nd RAB Assignment Request (2.3.2)

New functionality required within MSC
Yes
Yes

Functional split between RAN and CN
Aligned to A/Gb-mode (BSC is allowed to select a codec type)
Aligned to UTRAN (BSC has to accept or to deny the request from the MSC)

Additional dialogue step required
Not in all cases (if the Iu-UP has to be modified, an additional dialogue step cannot be avoided)
Yes

Iu-UP is set-up correctly after successful completion of the RAB Assignment procedure
Not in all cases
Yes

BSC has to be aware of the transcoding capabilities of the MSC / MGW
Yes (this will require the transfer of the MGW's capabilities towards the BSC)
No

Table 1: Comparison of possible solutions

As GERAN Iu-mode should be aligned to UTRAN as much as possible and the additional signalling due to the introduction of GERAN Iu-mode should be kept to a minimum, the solution of section 2.3.2 should be adopted. Please note that for the default set-up procedure this additional dialogue step is not required.

3 Handover

The current working assumption is to adopt the static GERAN Classmark approach for handover (see section 4.2.1.2.1 of [1]). This requires the implementation of a database within all RAN nodes to be able to include the GERAN Classmark of the target cell into the Relocation Required message. This approach was chosen as an additional dialogue step during handover might cause too much delay and might result rather in call-dropping than in successful handover.

For the interworking with UTRAN as well as for GERAN Iu-mode (if the MS is in RRC_GRA_PCH state) additional scenarios have to be considered. 

3.2 Scenario

In the interworking scenario with UTRAN (see Figure 3), the MS starts the CS call in UTRAN. During the call the MS moves, which will result in handover. As the Iur interface provides a user plane, the call can be maintained without performing SRNS Relocation.

If now the MS measurements of possible target cells require the execution of an intersystem handover, the SRNC will have to trigger the SRNS Relocation procedure by sending the Relocation Request message to the MSC (message 1 in the figure).
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Figure 3: Scenario with required interworking between UTRAN and GERAN

Problem description: the Static GERAN Classmark approach requires the inclusion of the GERAN Classmark of the target cell (i.e. the provision of the capabilities of the target cell at an initial state of the handover). This fact requires that the SRNC has to store the GERAN Classmark of the target cell in its database and due to the described scenario this database will be quite large, which should be avoided.

An analogous scenario is possible for GERAN Iu-mode as well, if the MS is in RRC_GRA_PCH state and moving far away from the SBSC (and still is logically connected to the SBSC via the Iur-g interface). If for example the MS is paged from the CS-domain, the MS will send a Cell Update message towards the SBSC, which will then have to initiate the SBSC Relocation.

Please note that the content of the GERAN Classmark is never interpreted by the UTRAN RNC, i.e. the GERAN Classmark is a container which just has to be included within the Relocation Required message.

3.3 Possible solutions

The intention of all solutions described in this section is to avoid large databases storing the GERAN Classmark of all possible target cells for the above outlined scenario. 

However, for the default handling of handover the Static GERAN Classmark approach should be maintained: a certain BSC (or RNC) shall store the GERAN Classmark of all adjacent cells (with BSC granularity or cell granularity). 

3.3.1 Minimum set of TRX capabilities per BSC

If a minimum set of TRX capabilities can be provided within all cells controlled by a certain BSC, then only one GERAN Classmark has to be stored per BSC and the Static GERAN Classmark approach for handover can be maintained without enhancements.

Adopting this solution would mean that a BSC (or RNC) has to store the GERAN Classmark 

- in a detailed way for adjacent target cells (e.g. on cell level) and/or

- the minimum set of TRX capabilities within one GERAN Classmark per possible target BSC.

3.3.2 Additional dialogue step during Relocation

Another approach is to introduce an additional dialogue step during the relocation procedure as outlined in section 8.2.1.1.1 of [1] (analogous to the additional step during the call set-up procedure in section 2.3.2).

3.3.3 GERAN Classmark is provided with the neighbouring cell information

In this case the DRNC provides the GERAN Classmark to the SBSC / SRNC together with the list of cells which will be measured by the MS (see Figure 4). This information is passed from the DRNC to the SRNC during the set-up of a new link on the Iur interface. 
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Figure 4: Provision of the GERAN Classmark by DRNC via  the Iur interface

The above described solution is only applicable for the UTRAN -> GERAN handover. To cover the GERAN -> GERAN case as well (MS in RRC_GRA_PCH state), the GERAN Classmark has to be provided with the Cell Update message via the Iur-g interface. 

Please note that the same approach is discussed in RAN3 to solve issues regarding RAN sharing, i.e. cell related information is transferred from the DRNC to the SRNC within the Neighbouring Cell Information.

3.3.4 GERAN Classmark is requested from target BSC via Iur-g

Another solution is that the SRNC / SBSC requests the GERAN Classmark of the target cell from the target BSC during a new procedure via the Iur-g interface before the Relocation procedure is initiated.

3.3.5 GERAN Classmark is requested from DRNC / CBSC

A slightly different solution is that the SRNC / SBSC requests the GERAN Classmark of the target cell from the DRNC / CBSC during a new procedure via the Iur-g interface before the Relocation procedure is initiated.

3.4 Discussion

A comparison between the possible solutions can be found in Table 2.


Minimum set of TRX capabilities(3.3.1)
Additional dialogue step during Relocation (3.3.2)
Provision of GERAN Classmark by CBSC / DRNC (3.3.3)
Request of GERAN Classmark from target BSC

(3.3.4)
Request of GERAN Classmark from DRNC / CBSC (3.3.5)

Enhancement of Static GERAN Classmark concept required
No
Yes
Yes
Yes
Yes

Makes Iur / Iur-g mandatory
No
No 
No
Yes
No

Additional delay during Relocation procedure
No
Yes
No
Yes
Yes

Impact on UTRAN
No
No
Yes
Yes
Yes

Impact on CN procedure
No
Yes
No
No
No

Requires minimum set of TRX capabilities per BSC
Yes 
No
No
No
No

Requires a new GERAN specific procedure on Iur / Iur-g
No
No
No
Yes
Yes

Table 2: Comparison of possible solutions for the handover scenario

Solution 3.3.4 should be excluded from further discussions because it requires the mandatoryness of the Iur-g interface. 

Solution 3.3.1 requires a minimum set of TRX capabilities, which are supported by all TRXs connected to a certain BSC. Besides this requirement this solution would have minimum impact on standards and system performance. Further enhancements in later releases (e.g. via Iur-g interface) are still possible.

Solution 3.3.2 has the drawback of extra delay due to the additional dialogue step during the Relocation procedure, but has no impact on UTRAN.

Solution 3.3.3 causes additional impact on UTRAN specifications (introduction of GERAN Classmark), but does not impact the handover procedure itself.

Solution 3.3.5 requires a GERAN specific procedure via Iur / Iur-g interface and causes additional delay due to the additional dialogue step before the Relocation procedure can be initiated.

4 Conclusion

To cover all realistic scenarios, enhancements of the Static GERAN Classmark concept (described in [1]) are required.

Call set-up:

To cover the scenario of a cell change during call set-up (as described in 2.2) it is proposed to introduce an additional dialogue step to the call set-up procedure. This maintains the functional split between RAN and CN for the Iu-mode. The drawback of additional delay will occur only in rare cases as the default set-up procedure does not require this additional dialogue step.

Handover:

Large databases will be required to cover those handover scenarios, when the MS is (logically) connected to the CN via Iur / Iur-g interface. To avoid the requirement for such large databases, several solutions are outlined in this contribution. 

It is proposed to adopt solution 3.3.1 (minimum set of TRX capabilities per BSC) because it does not cause additional impact due to the introduction of GERAN Iu-mode. The requirement for this solution is that a minimum set of TRX capabilities is available per BSC area. If this minimum set does not contain the codec which is currently in use, then a codec change will occur during the Relocation procedure. 

If this approach is seen not acceptable for existing networks, then solution 3.3.3 should be adopted as a fallback solution, as this approach causes minimal impact on standards and does not add delay to the time critical handover procedure.

For GERAN networks with homogenous capabilities with regards to supported codecs, this enhancement is not required as solution 3.3.1 is sufficient.
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