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1 Introduction

During the last GERAN meetings the possible GERAN specific impacts on the Iu interface have been discussed. 

During the TSG GERAN WG2 #5 bis meeting several comments have been received which have been incorporated into this contribution. Answers to the LS regarding the Iu-cs interface impacts (see [1], [2]) and the decision on the capabilities of legacy transceivers (see [3]) are considered as well.

2 Architectural principles in UTRAN

Architectural principles existing in UTRAN shall be maintained when connecting a GERAN BSC to the 3G-CN. Some issues are listed here:

· UTRAN does not need any information of the negotiated service but has to provide a RAB with the requested QoS during RAB establishment.

· To keep the Iu interface as flexible as possible, it was decided that no service specific information is transferred via Iu interface. 

· In UTRAN all RAB (re-)negotiations on Iu interface are QoS based and not service based. This principle shall be maintained for GERAN.

· TrFO was introduced in Rel 4 to minimize delays and to maximize the speech quality.

3 GERAN specific requirements

In [4] several differences between UTRAN and GERAN have been addressed in detail. These differences lead to GERAN specific requirements, which have to be taken into account to be able to provide services from the CS domain.

· GERAN must be aware of the selected service (e.g. a specific codec type, which was negotiated by the MSC-Server), because a service-specific channel coding has to be applied. See section 4.1.

· Because a specific channel coding has to be applied, the transceiver capabilities have to be taken into account at call establishment and during handover. This is required to be able to introduce new services (e.g. new codec types) and for the support of legacy transceivers. See section 4.2.

· To be able to setup an appropriate radio bearer a GERAN BSC has to be aware of several MS capabilities. Following MS capabilities are considered: for speech services the modulation schemes (GMSK or 8-PSK), which are supported by the MS for a certain codec type, but also MS capabilites related to circuit switched data services (e.g. allowed channel codings, asymmetry indication). See section 4.3.

· Via the air interface only 4 modes of an adaptive codec type can be addressed. Therefor the finally negotiated ACS shall not contain more than 4 modes, if an adaptive codec type has been negotiated by the MSC-Server. See section 4.4.

· There are differences to UTRAN regarding circuit switched data services. See section 4.5.

4 Concepts

To solve the issues listed in section 3, several approaches have already been discussed. Within this section the different approaches are analysed in more detail as well as the impacts on the system behaviour or the feasibility of each approach.

4.1 Making GERAN aware of the service

The GERAN BSC has to be aware of the selected service to be able to setup an appropriate radio bearer. For speech calls a codec specific channel coding will be applied. For data services several possibilities with regards to bitrate per TCH and asymmetry of UL and DL bitrates have to be considered.

In UTRAN the RNC will not receive any service specific information, but will provide a RAB with requested QoS. The required information is provided by the MSC-Server within the RAB Parameters IE inside the RANAP RAB ASSIGNMENT REQUEST and the RELOCATION REQUEST messages. If for example the AMR codec was negotiated by the MSC-Server, the RAB Parameters IE will contain the SDU format IE. This SDU format IE serves as a description of subflows for the different bits of an AMR frame (A, B and C bits) to be able to apply unequal error protection (UEP) on the air interface. Note that this description is only based on QoS, i.e. it requests a different treatment for different parts of an SDU.

4.1.1 GERAN BSC Container approach

In [1] recommendations are given to make the GERAN BSC aware of the negotiated codec type. CN1 expressed in this LS their interest to have a future proof solution. The reasons why the approach in section 4.1.2.1 is not recommended are listed below:

· The NAS Synchronization Indicator approach is feasible as long as only 16 different codec types are defined for the network. Once that more than 16 different codec types will have been specified, the NAS Synchronization Indicator will no longer be used as a direct pointer to the codec bitmap in TS 26.103 (see [5]). This means that there will be no extension of the NAS Synchronization Indicator IE, but the extension will be made on NAS level, i.e. between the MS and the MSC a set of up to 16 codecs for each radio technology will be negotiated and the NAS Synchronization Indicator will be used as a pointer to one of the codecs in the set, i.e. the codec type cannot be derived from the NAS Synchronization Indicator IE within the BSC anymore.

· In case of SRNS Relocation currently the NAS Synchronization Indicator is only sent to the MS (via the RNC) in case of a codec change, i.e. if no codec change takes place during the Relocation procedure, it will not be sent by MSC within the RANAP Relocation Request message and therefor will not be available within the target BSC.

Therefor it is proposed to introduce a GERAN specific container ("GERAN BSC Container") to the RANAP messages 

· RAB Assignment Request and

· Relocation Request.

The content of this container shall contain the codec type. The container shall be large enough to address a sufficient number of codec types.

4.1.2 Other solutions 

4.1.2.1 NAS Synchronization Indicator 

Within the RANAP protocol (see [6]) currently the NAS Synchronization Indicator IE (in the RAB ASSIGNMENT REQUEST and RELOCATION REQUEST messages) is included. With the NAS Synchronization Indicator IE a pointer to the codec type (as defined in [5]) , which was selected during codec negotiation on NAS level, is transported. In UTRAN this IE is relayed transparently to the UE to inform the UE of the selected codec type (currently there is an one-to-one mapping between the codec type and the value of the NAS Sync Indicator, but only 16 values are possible). 

The BSC could derive the selected codec type from the NAS Synchronization Indicator IE (as long as the one-to-one mapping is sufficient, i.e. maximum of 16 defined codecs). With this information the BSC can setup an appropriate RB.

In case of CS data services and during Relocation procedure without codec change the NAS Synchronization Indicator IE will not be received by the BSC. 
Please see section 4.1.1 why this solution is not recommended.

4.1.2.2 SDU format

From the SDU format description the BSC can derive the selected codec type as long as all modes of every codec have different SDU sizes. As the EFR codec is introduced for legacy TRX reasons, this will lead to ambiguity because in this case the EFR codec type cannot be differentiated from AMR 12.2 kbps mode. Therefor this solution is not recommended.

4.2 TRX capabilities

The issues listed in this section are not only related to the support of legacy TRX, but have to be solved as well, when new services (e.g. codecs) are introduced to the network. 

The TRX capabilities have to be taken into account during call establishment and handover.

Inhomogenous GERAN with regards to TRX capabilities:

If the TRX capabilities are not the same inside a specific area, a codec change might be required during the handover of a speech call. 

A codec change during handover should be avoided, if possible, as it will require

· that each handover (even an intra-BSC handover!) has to be executed with CN involvement because the Iu user plane has to be re-initialized, 

· additional signalling via Iu and 

· possibly signalling inside the CN to maintain TrFO (codec re-negotiation, modifications of the user plane towards the peer entity, which will likely cause speech muting) or an insertion of a transcoding entity. 

4.2.1 GERAN Classmark Concept

If the MSC-Server has knowledge of the TRX capabilities at a very early stage of call establishment, then the TRX capabilities can be taken into account during the codec negotiation procedure. The MSC-Server will only indicate codec types within the supported codec list used in OoBTC [7], which are supported by the MS, the GERAN and the MGW. Also during handover it is beneficial to know the TRX capabilities of the target cell at a very early stage to be able to setup the user plane correctly and for inserting a transcoding entity, if necessary.

To be able to indicate the supported codec types to the MSC-Server the "GERAN Classmark" is introduced:

· The GERAN Classmark shall have the same value within one cell. 

· Only those codec types are indicated within the GERAN Classmark, for which the channel coding is supported by all TRXs of the cell.

4.2.1.1 Call setup

As can be seen in Figure 1, the RAB Assignment procedure at the originating side will be initiated after

· the codec negotiation took place and

· the user plane was setup on Nb interface (between the originating and terminating MGW).

As this negotiation procedure was defined for TrFO in Rel 4, GERAN should align to this procedure as much as possible and should not define a new procedure (e.g. via RAB Assignment procedure) for 

Rel 5.
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Figure 1: Call Setup procedure, Mobile to Mobile Call, Codec negotiation and RAB Assignment (at originating side) - based on Figure 6 of [7].

Therefor it is required that the GERAN Classmark has to be sent at an early stage of the call establishment to the MSC-Server, i.e. within the RANAP INITIAL UE MESSAGE. Within this GERAN Classmark those codecs are listed, which will be available at the RAB Assignment procedure at a later stage of the call establishment. With the information received with the GERAN Classmark, the MSC-Server knows the codec capabilities of the MS, the GERAN and of the MGW and can restrict the supported codec list, which is sent during the setup with OoBTC to the peer MSC-Server.

This ensures, that a codec (or even more than one) is negotiated, for which the appropriate channel coding exists within GERAN by reusing the negotiation procedure of Rel 4. 

4.2.1.2 Handover

This section tries to cover the handover issues with regards to the GERAN Classmark approach.

4.2.1.2.1 Static GERAN Classmark

If the GERAN Classmark is static, a database within BSC storing the GERAN Classmark values of the cells of the neighbour BSCs can be established. This database has to be updated only in the case, when a new codec type is introduced to all TRXs of a certain cell (see also Annex A). 

As the source BSC knows the capabilities of the TRXs in the target cell, it can indicate the GERAN Classmark of the target cell within the RANAP RELOCATION REQUIRED message to the MSC-Server. Having the knowledge of the supported codecs in the target cell, the MSC-Server can

· initiate the setup of an appropriate user plane towards the target BSC,

· initiate the re-negotiation of supported codecs towards the peer entity (if necessary) or

· insert a transcoding entity to avoid delay due to user plane reconfiguration on the Nb interface (if necessary).
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Figure 2: Intra MSC SRNS Relocation Procedure (based on fig. 11 of [8]) with static GERAN Classmark

Within Figure 2 the impact on the existing Relocation procedure is depicted. The procedure is initiated by the source BSC by sending the RANAP Relocation Required message to the MSC. Because the GERAN Classmark is included within this message, MSC can take the TRX capabilities at a very early stage of the handover into account. 

Following actions of MSC have to be considered:

1. If the TRX capabilities are the same in the target cell, the current configuration can be maintained. 

2. If the target cell supports less TRX capabilities:

· either a codec change is required (this requires either the insertion of a transcoding entity within MGW or the re-negotiation of codec type towards the peer MSC and the re-initialisation of the user plane on Nb interface)

· or no codec change is required and the current configuration can be maintained, but the restricted capabilities have to be signaled to the peer MSC.

3. If the target cell supports more TRX capabilities, the current configuration can be maintained.

After MSC has performed one of these actions, the handover procedure is completed as in the UTRAN case.

In the inter-MSC case additional signalling is executed via E interface and additionally the setup of the user plane between MGW-A and MGW-B on Nb interface has to be considered.

4.2.1.2.1.1 Impacts on standards

To transfer the static GERAN Classmark from BSC to the MSC-Server during call establishment and handover, it is required to add a GERAN specific container to the RANAP messages

· INITIAL UE MESSAGE and

· RELOCATION REQUIRED.

Additionally it is required to add this container to the BSSAP message

· HANDOVER REQUIRED

for the handover scenario A/Gb-mode to Iu-mode.

4.2.1.2.2 GERAN Classmark with low dynamic behaviour

If the GERAN Classmark would have a low dynamic behaviour, then the database approach of 4.2.1.2.1 is not feasible, as the source BSC will not know the current value of the GERAN Classmark of the target cell. 

If no GERAN classmark is received within the MSC-Server in the Relocation Required message, then the MSC-Server has to assume that the channel coding of the codec type in use is supported in the target cell as well. 

If the channel coding of the codec type in use is not supported in the target cell, the GERAN Classmark has to be provided to the source MSC-Server at a later stage: if the GERAN Classmark is transferred within the RANAP RELOCATION FAILURE message, it can serve as an indication that the Relocation procedure was not sucessful due to the not supported channel coding in the target cell. Then the MSC-Server can initiate a second try taking into account the different TRX capabilities. This means that the MSC-Server has to

- either initiate the re-negotiation of supported codecs to the peer entity or

- to insert a transcoding entity to avoid delay due to user plane reconfiguration on the Nb interface.

The outlined scenario is depicted in Figure 3. As can be seen, an additional dialogue step is necessary to be able to proceed with the Relocation procedure. In the inter-MSC scenario this additional dialogue step has to be executed via E interface, which will cause additional delay.
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Figure 3: intra MSC SRNS Relocation Procedure (based on fig. 11 of [8]) for GERAN Classmark with low dynamic behaviour.

If there are inhomogenous TRX capabilities within the GERAN, this approach will cause additional delay during the very time critical Handover procedure. Due to this reason this approach should be avoided.

4.2.1.2.2.1 Impacts on standards

To transfer the GERAN Classmark with low dynamic behaviour from BSC to the MSC-Server during call establishment and handover, it is required to add a GERAN specific container to the RANAP messages

· INITIAL UE MESSAGE and

· RELOCATION FAILURE

· RELOCATION REQUEST ACKNOWLEDGE (to update the MSC-Server with possibly new capabilities also in the case the Relocation procedure was sucessful).

4.2.1.2.3 GERAN Classmark with high dynamic behaviour

If the GERAN Classmark would be highly dynamic, then the TRX capabilities might change during the period between the codec negotiation and the RAB Assignment procedure. Therefor the call setup or the Relocation procedure might fail at all.

High dynamic behaviour of the GERAN Classmark is not acceptable at all.

4.2.2 Other Solutions

4.2.2.1 No exchange of TRX capabilities

One approach would be to use the RAB Assignment procedure to negotiate the codec type between GERAN and MSC-Server.

The following issues have been identified for this approach:

· If a RAB Assignment procedure fails, because the channel coding for the requested codec type is not supported in the TRX, the MSC-Server has no knowledge that the RAB establishment failed due to the fact of a not supported codec (channel coding). Therefor a GERAN specific container would be needed within the RAB Assignment Response message to provide additional (i.e. service related) information to the MSC-Server. Then the MSC-Server could try to request a RAB for another codec (which might also fail).

· Looking at the message flow of  the call setup for a mobile to mobile call (see also Figure 1), the RAB Assignment procedure is executed at a very late stage of the call setup. The codec negotiation will be finished inside the CN (between the MSC and the peer MSC) and the user plane will already be setup on Nb interface before the RAB Assignment procedure is initiated. If the codec has to be changed during the RAB Assignment procedure, the modification has to be signaled to the peer end and the user plane on Nb interface has to be re-initialised. This will delay the call setup procedure.

· During handover a similar situation exists - how can the target MSC detect that the failure of the relocation procedure was due to a not supported channel coding within GERAN? If the MSC receives an indication in the Relocation Failure message, this will lead to a behaviour similar to that depicted in Figure 3.

Currently during the RAB Assignment and Relocation procedure only QoS parameters are negotiated. As the location of the transcoding entity is inside the CN (in UMTS), a procedure was developed for the negotiation of codec types (see [7]). This OoBTC is a pure CN procedure with no RAN involvement. This is the reason why the RNC shall not reject one of the requested RAB subflow combinations during the RAB Assignment procedure (i.e. the RNC has no influence to change the requested QoS in case of a CS speech call). Furthermore the RNC has no possibility to change the SDU Fomat IE.

To enhance the RAB Assignment procedure to be able to negotiate a codec type would mean to break the Iu principle that only QoS are negotiated on Iu and would introduce a service based negotiation (i.e. GERAN specific changes for the Iu-cs are required). Furthermore this approach does not take into account the (already setup) user plane on Nb interface.
Therefor this solution is not recommended.

4.2.2.2 Exchange of TRX capabilities between the MS and GERAN

One more solution could be to transfer the TRX capabilities to the MS during the RRC establishment procedure or by broadcasting in the cell (a similar approach can be found in [10]).

After having the knowledge of  those codecs, which are supported in the GERAN, the MS should take this list into account when sending the NAS message SETUP (carrying the Supported Codecs IE) to the MSC-Server. If only the subset, which is supported by the TRX and by the MS, is transferred in this message, the MSC-Server can take the TRX capabilities into account as well.

Following issues have been identified:

· This solution is applicable for call setup within GERAN requirering additional signalling on the air interface. TRX capabilities have to be broadcasted or the transfer of the TRX capabilities has to be performed during the exchange of MS capabilities, but will not be visible to the CN.

· Behavior during handover: If this approach is used for call setup, this leads to the fact that the MSC does not know the MS capabilities. Looking at a inhomogenous RAN the following situation might occur: The source cell supports only the channel coding of codec A, and the target cell supports only the channel coding of codec B. In this case the MSC has to assume that the MS only supports codec A (as indicated during call set-up) and that the handover will not completed sucessfully although the MS might support codec B.

If the call was setup in UTRAN (there no TRX capabilities will be sent to the MS), no TRX capabilities will be taken into account. As no interworking with UTRAN is possible, this solution is considered as not acceptable.

4.2.2.3 Introduction of a new codec negotiation procdure

For this solution, a new RANAP procedure has to be introduced, which can be used to negotiate and reserve a transceiver for a certain speech codec. The MSC has to execute this procedure each time before a RAB Assignment Request or Relocaton Request is sent to a BSC. The main problem with this proposal is that it requires an additional dialogue step during the time critical handover procedure, and this additional delay may cause an increase in the handover failure rate which is hard to estimate in advance. The delay will be especially critical in case of an inter-MSC handover when the procedure has to be executed via the E interface. 

Therefor this solution is considered as not acceptable.

4.3 MS capabilities

There are some issues with regards to MS capabilities, which have to be considered for GERAN Iu mode. If e.g. a CS speech call has to be established in Iu mode, the BSC will be made aware of the negotiated codec type (see section 4.1). But the BSC does not know, whether the MS supports the channel coding for 8-PSK as well as for GMSK for this codec type. Therefor the BSC needs more infomation to be able to setup the appropriate RB. For CS data services an analogous situation exists.

As can be seen from Figure 1, the required information is sent at call establishment from the MS transparently through the RAN to the MSC-Server within the SETUP message (see Supported Codecs IE and Bearer capability IE in [11]). Speech codec information belonging to GSM radio access shall be signaled with the Bearer Capabilities IE in Rel 4. This might change in Rel 5 for GERAN Iu-mode (i.e. a supported codec list is included for each radio access technology within the Supported Codecs IE).

In A/Gb mode the above mentioned MS capabilities are taken into account implicitely during call establishment in the BSSAP Assignment Request [9] message. With this message the Channel Type IE is transferred from the MSC to the GERAN BSC indicating

· for speech the possible codec types,

· for data services additional information (allowed channel codings, asymmetry indicator,...).

The following MS capabilities have to be considered:

Modulation schemes:

For each codec type a specific channel coding is defined per modulation scheme (GMSK and 8-PSK). It is not standardized so far, how to deal with the two possible modulation schemes of GERAN. Additionally there might be codec types in the future, which are defined only for e.g. 8-PSK. 

Two possibilities can be considered:

1. If a MS signals in the Supported Codecs IE that a certain codec type is supported, it has to support the channel coding for all modulation schemes (which are supported by the MS and signaled in the Classmark IE), for which a channel coding is defined.

2. If a MS does not support the channel coding of a certain codec type for all possible modulation schemes, the supported codec types have to be signaled per modulation scheme. In this case the GERAN BSC has to know the allowed modulation schemes for a negotiated codec type to be able to setup the appropriate RB.

Full rate / half rate support:

For CS data services the BSC needs an indication whether the MS supports only full rate or it is dual rate capable.

Maximum number of traffic channels:
For CS data services the BSC has to know the maximum number of TCHs the MS supports. E.g. in the case the MSC-Server requests a RAB with 28.8 kbit/s bitrate, the BSC might setup one TCH with 28.8 kbit/s or two TCHs with 14.4 kbit/s. If the MS supports only one TCH, the setup of radio resources might fail.

Allowed channel codings:

For CS data services the BSC has to know, which of the possible channel codings are supported by the MS. The following channel codings are defined: TCH/F43.2, TCH/F32.0, TCH/F28.8, TCH/F14.4, TCH/F9.6 and TCH/F4.8.

Asymmetry Indication:
For CS data services the BSC has to be aware of possible channel coding symmetry/asymmetry. 3 possible cases are defined: 'Channel coding symmetry preferred', 'Downlink biased channel coding asymmetry is preferred' and 'Uplink biased channel coding asymmetry is preferred'.

4.3.1 Possible solutions

These MS capabilities can be made available within the GERAN BSC either

1) via MSC-Server (as the MSC-Server will receive the Bearer capabilities IE within the SETUP message, all required information is available and can be passed to the BSC) or

2) between MS and GERAN (e.g. during RRC establishment).

The possible solution 1) requires the transfer of additional information via Iu-cs, which implies a change of existing RANAP protocol: a GERAN specific container has to be introduced into the RANAP RAB Assignment Request message. In section 4.1.1 a GERAN specific container is proposed which can carry additional information to avoid that the same information is sent twice via the air interface.

Possible solution 2) requires the transfer of the MS capabilities to the GERAN in advance of the call establishment. As this infromation is available in the MSC within the Bearer Capabilities, this solution would require that the same information is sent twice via the air interface. 

Therefor solution 1) shall be applied to make GERAN aware of modulation schemes and additional parameters related to data services, which are supported by the MS.

4.4 Handling of ACS

Several issues with regards to active codec sets have to be considered for GERAN Iu mode.

ACS - maximum number of codec modes: 

In GSM the maximum number of 4 codec modes shall be selected for an ACS, because only 2 bits are available on the radio interface for inband signalling, i.e. to indicate a change of codec mode. This restriction is valid for GERAN Iu mode as well. This means that the MSC-Server shall take this restriction into account when negotiating an adaptive codec type.

Supported codec modes:
In GSM it is not required that a TRX has to support all modes of an adaptive codec type. Because the handling of ACS and the control of the transcoding entity is done completely inside the BSS, these possibly existing restrictions of a transceiver are not visible to the CN.

As this restriction is maintained for GERAN in Rel 5 (see [3]), the Supported Codec Sets within a certain cell have to be taken into account during the codec negotiation procedure as well as during handover. This can easily be achieved, if the Supported Codec Set within the cell is included in the GERAN Classmark for each adaptive codec type. 

How to derive the ACS within the GERAN BSC:
If the codec type is known within the GERAN BSC, the selected ACS can be derived from the  RAB subflow combinations signalled with the RANAP RAB Assignment Request message. Each codec mode can be derived from the total amount of bits given in the respective RAB subflow SDU sizes per RAB Subflow combination.

Handling of ACS during handover:
1) GERAN A/Gb mode <-> GERAN A/Gb mode:

The same handling as for GSM today shall be maintained: Within the Multirate Configuration IE, which is transferred to the target BSC inside the Old BSS to new BSS Information IE, all required information is transferred to the target BSC when an adaptive codec type is used. The Multirate Configuration IE contains the ACS, the Initial Codec Mode, the thresholds and hysteresis values for codec mode changes,...

The Multirate Configuration IE is transferred transparently through the CN. This shall be maintained for GERAN Rel 5 for all scenarios.

2) GERAN A/Gb mode -> GERAN Iu mode:

The source BSC shall send the Supported Codec Set (SCS) of the target cell within the BSSAP Handover Required message to the MSC. Based on this information the MSC selects the (possibly new) active codec set and assembles a RANAP Relocation Request containing the appropriate RAB subflow combinations (max. 4 codec modes in the ACS). Within a transparent container the Multirate Configuration IE shall be transferred from the source BSC to the target BSC. If the ACS remains unchanged after the handover procedure, the target BSC can use the threshold and hysteresis values.

3) GERAN Iu mode -> GERAN A/Gb mode:

The Multirate Configuration IE is transferred within the Old BSS to new BSS Information IE from the source BSC to the target BSC (as in the GERAN A/Gb mode -> GERAN A/Gb mode scenario).

4) UTRAN -> GERAN Iu mode:

The source RNC shall send the SCS of the target cell within the RANAP Relocation Required message to the MSC. Based on this information the MSC selects the (possibly new) codec set and assembles a RANAP Relocation Request containing the appropriate RAB subflow combinations (max. 4 codec modes in the ACS). No Multirate Configuration IE is sent to the target BSC, because this IE is not available inside the RNC.

5) GERAN Iu mode -> UTRAN:

No differences to the existing Relocation procedure (UTRAN -> UTRAN). The ACS is selected by the MSC. No Multirate Configuration IE is sent to the target RNC, because this IE is not required inside the RNC.

6) GERAN Iu mode -> GERAN Iu mode:

The source BSC shall send the SCS of the target cell within the RANAP Relocation Required message to the MSC. Based on this information the MSC selects the (possibly new) codec set and assembles a RANAP Relocation Request containing the appropriate RAB subflow combinations (max. 4 codec modes in the ACS). Within a transparent container the Multirate Configuration IE shall be transferred from the source BSC to the target BSC. If the ACS remains unchanged after the handover procedure, the target BSC can use the threshold and hysteresis values.

7-9) GERAN A/Gb mode -> UTRAN, UTRAN -> GERAN A/Gb mode, UTRAN -> UTRAN

No enhancements required, the signalling remains as it is defined today. 

4.5 CS data services

There are some differences in the handling of CS data services between GERAN and UTRAN, e.g. several CS data services, which exist in A/Gb-mode are not defined for UTRAN (i.e. those data services with bitrates < 14.4 kbit/s).

In the case of transparent CS data services, V.110 rate adapted frames are exchanged via the A interface [15]. However, the 3G MSC expects plain data in Iu user plane protocol data units. A transition has to be provided by the GERAN BSC.

In the case of non-transparent CS data, the RLP protocol (see [12]) between MS and MSC is defined. 

For GSM frames with fixed length are sent in well defined intervals depending on the bitrate used on the air interface:

· TCH/F4.8 means a user rate of 4.8 kbit/s via an radio interface link with 6 kbit/s. Every 40 ms a RLP frame (240 bits) is sent.

· TCH/F9.6 means a user rate of 9.6 kbit/s via an radio interface link with 12 kbit/s. Every 20 ms a RLP frame (240 bits) is sent.

· TCH/F14.4 means a user rate of 14.4 kbit/s via an radio interface link with14,5 kbit/s. Every 40 ms a RLP frame (576 bits + 4 control bits) are sent.

For UTRAN the Iu user plane protocol (see [13]) is used to send RLP frames. These frames have the fixed length of 576 bits and are sent asynchronous. The GERAN BSC has then to assure that these RLP frames are sent synchronous via the air interface. Further, the data transition as for transparent data services has to be provided as well.

It is proposed to use this asynchronous transmission of RLP frames by using the Iu user plane protocol for GERAN Iu-mode as well.

Within TS 22.002 (see [14]) the CS data services for a PLMN are defined. Within this specification a differentiation between GSM and UMTS has been made. For UMTS several data services have been deleted which still are considered for GSM.

5 Proposal

Several possible solutions have been discussed in detatil within this document. The intention was to have minimum impact on the overall system behaviour, i.e.

· to consider architectural principles 

· to align to existing procedures (e.g. codec negotiation, handover) as much as possible,

· to avoid to transfer information twice via the air interface.

To reach this goal following changes are proposed to be able to deliver circuit switched services in GERAN via the Iu-cs interface:

· adopt the static GERAN classmark approach (see section 4.2.1 / 4.2.1.1 / 4.2.1.2.1).

· send the codec type (negotiated by the MSC) from the MSC to the BSC within the "GERAN BSC Container" (see section 4.1.1).

· send the required MS capabilities from the MSC to the BSC within the "GERAN BSC Container" (see section 4.3.1).

· align the MSC behaviour regarding CS data services with those of UTRAN (see section 4.5).

These changes are depicted in Figure 4 for the call establishment and within Figure 5 for a basic intra MSC handover.
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Figure 4: Call Setup procedure (originating side) with GERAN specific enhancements
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Figure 5: Basic Intra MSC SRNS Relocation Procedure with GERAN specific enhancements

5.1 Required standardization work

Stage 2:

23.009:

· GERAN Classmark has to be taken into account within MSC

23.153:

· GERAN Classmark has to be taken into account during negotiation

· ACS shall not contain more than 4 modes

23.205:

additions to be defined

Stage 3:
25.413:

· Addition of the GERAN Classmark container to messages 

· Initial UE message and 

· Relocation Required.

· Addition of the GERAN BSC Container to messages

· RAB Assignment Request

· Relocation Request.

Note: the contents of these containers shall be specified in a specification, which is under control of TSG GERAN.

48.008:

· Addition of the GERAN Classmark container to message Handover Required.

6 Conclusion

It is proposed that TSG GERAN WG2 agrees on the proposal summarized in section 5.
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Annex A

In the following we will assume that the solution of section 4.2.1.2.1 is chosen and study the consequences of the requirement that for a certain cell the GERAN may indicate to the MSC in the GERAN Service Classmark only transceiver capabilities which it can guarantee to support on request. 

Note: this Annex applies only to Iu-mode of operation. 

A.1  The transceivers support only GMSK channel coding for speech

In this case, if the BSC indicates in the GERAN Service Classmark that a certain speech codec is supported in the cell, the speech codec must be supported by every single transceiver. In the worst case only EFR speech can be indicated.

A.2  Some of the transceivers support 8PSK channel coding for speech

TSG GERAN is currently working on the specification of 8PSK channel codings for the existing speech codecs, i.e. they are specifying how the bit stream produced by the speech codec (the ‘source coding’) is processed and mapped to the bit stream sent via the radio interface. 

Note that the the RAB sub-flow combinations, i.e. the QoS requested by the MSC at the Iu-cs interface, only specify a certain ‘source coding’, but not the channel coding (GMSK or 8PSK). It remains the task of the BSC to select the channel coding, taking into account the capabilities of the MS.
If we can take it for granted that an MS supporting a certain codec type for 8PSK channel coding will support the same codec type also for GMSK channel coding the following conditions for inclusion of a codec type in the GERAN Service Classmark can be established:
1) A speech codec for GMSK channel coding can be included in the GERAN Service Classmark if it is supported by every transceiver.

2) A speech codec for 8PSK channel coding can be included, if the same codec can be included for GMSK channel coding (i.e. if the same speech codec for GMSK channel coding exists and is supported by every transceiver).

For example if a BTS is equipped with the following two types of transceivers:

TRX1:  GMSK: (EFR,          AMR_FR)

TRX2:  GMSK: (EFR, AMR_FR), 8PSK: (AMR_FR),

it can indicate to the MSC support of GMSK: (EFR, AMR_FR) and 8PSK: (AMR_FR). Even if all transceivers of one type are busy, AMR_FR can still be provided by the other type – in some cases only with GMSK channel coding, in some cases also with 8PSK channel coding. In this way it is possible to gradually add 8PSK-capable transceivers to the network.

If the capabilities of TRX1 are more limited, e.g. if the BTS is equipped with the following types of transceivers:

TRX1:  GMSK: (EFR)

TRX2:  GMSK: (EFR, AMR_FR), 8PSK: (AMR_FR),

it will not be allowed to indicate support of 8PSK: (AMR_FR), because if TRX2 is busy, then AMR_FR cannot be provided on request, neither with GMSK nor with 8PSK channel coding.
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