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Introduction

During the last GERAN meetings the GERAN specific impacts on the Iu-cs interface have been discussed. CS data services have not been handled in detail. The intention of this contribution is to cover the issues, which have to be considered to be able to provide CS data services in GERAN Iu-mode.

Summary

In [1] the impacts on the Iu-cs interface are discussed in detail, but several issues regarding CS data services are not covered within this document. A short summary of differences between CS data services for GERAN A/Gb mode and UTRAN Iu mode is given here.

There are some differences in the handling of CS data services between GERAN A/Gb mode and UTRAN, e.g. several CS data services, which exist in A/Gb-mode are not defined for UTRAN.
Another difference is that the UTRAN can provide higher bitrates via the air interface, whereas in GERAN A/Gb mode, HSCSD is defined to transmit data via the air interface over one or several TCHs (see [2]). Access via EDGE allows higher data rates per TCH.

Additionally, there are several entities involved (MS, GERAN, MSC-S, MGW/IWF), which possibly provide different capabilities (e.g. max. number of TCHs). Therefore these different capabilities have to be taken into account during call set-up and handover as well as during a change of the HSCSD configuration.

Table of contents

31
Differences between GERAN A/Gb mode and UTRAN


31.1
Allowed data services


31.2
Configuration at the air interface


31.2.1
Call set-up


41.2.2
Handover / change of HSCSD configuration


41.3
User plane considerations


41.3.1
Transparent CS data services


41.3.2
Non-transparent CS data services


41.4
Capabilities of affected nodes


41.4.1
MS capabilities


51.4.2
CN capabilities


51.4.3
BSS capabilities


62
GERAN Iu-mode


62.1
Requirements


62.2
Architectural issues


62.2.1
Alignment to UTRAN


62.2.2
Alignment to GERAN A/Gb mode


62.2.3
Mixed approach


72.3
Proposal for CS data services via GERAN Iu-mode


72.3.1
Allowed data services


72.3.2
Configuration at the air interface


92.3.3
User plane considerations


102.3.4
Capabilities of affected nodes


103
Conclusion


104
References


11Annex A:
CS data services as specified today


11A.1.
UTRAN


11A.1.1.
Transparent CS data services


11A.1.2.
Non-transparent CS data services


11A.2.
GERAN A/Gb-mode


12A.2.1.
Transparent CS data services


12A.2.2.
Non-transparent CS data services




1 Differences between GERAN A/Gb mode and UTRAN

1.1 Allowed data services

Within TS 22.002 (see [6]) the CS data services for a PLMN are defined. During the last SA1 meeting this specification was updated to cover GERAN Iu mode. The CS data services required for GERAN Iu mode have been aligned to those services defined for UTRAN.

1.2 Configuration at the air interface

GERAN A/Gb mode provides higher data rates at the air interface by allocating a HSCSD configuration, whereas UTRAN can provide high data rates by allocating only one radio bearer.

As can be seen from Figure 9, the MSC/IWF has to be involved in the set-up of the HSCSD configuration, e.g. in case of non-transparent CS data services due to the set-up of a HSCSD RLP termination, which corresponds to the configuration at the air interface. The HSCSD configuration at the air interface has to be known by the IWF for non-transparent CS data services as well as for transparent CS data services and has to be considered during handover or at a change of the HSCSD configuration. In the following text mainly the support of HSCSD is discussed. However, the proposed architecture as well as the required signalling is applicable for a single-slot configuration as well.

1.2.1 Call set-up

The call set-up for the GERAN A/Gb-mode is summarized in Figure 1 (for details, please refer to section 5.2.1 of [2]). 
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Figure 1: Mobile originated call establishment

1. The MS informs the BSS about its multislot capabilities by using the early classmark sending. 

2. With the SETUP message the BC IE is sent to the MSC. 

3. The MSC may set the FNUR to a lower value and informs the MS about that decision within the 
Call Proceeding message.

4. The MSC can now restrict the number of TCH/Fs and the allowed bitrate, which is indicated to 
the BSC with the Assignment Request message.

5. The BSS allocates resources and performs the set-up of appropriate channels.

6. The BSS informs with the Assignment Complete message the MSC about the HSCSD 
configuration, which was set-up.

7. The IWF is seized accordingly.

In UTRAN the MSC will request the setup of one RAB by sending the RAB Assignment Request message to the RNC. The RNC either completely accepts or denies the RAB Assignment Request, but in contrast to GERAN A/Gb mode the RNC cannot change (or select) a particular configuration.

1.2.2 Handover / change of HSCSD configuration

During handover or when the BSC decides to change the HSCSD configuration, the outcome of the change, i.e. the new HSCSD configuration, is reported to the MSC (see Figure 2 for the Resource change). With this information the MSC may adjust the IWF resources accordingly, if required.
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Figure 2: Change of HSCSD configuration

As in UTRAN no HSCSD was introduced, this behaviour is not applicable. Futhermore no corresponding message to the BSSAP Handover Performed message exists in RANAP.

1.3 User plane considerations

1.3.1 Transparent CS data services

In case of GERAN A/Gb mode, V.110' rate adapted frames are exchanged via the A interface [3]. When using a HSCSD configuration, a numbering of the data substreams for each allocated TCH has to be performed. In A/Gb mode these frames are sent synchronous in well defined intervals, whereas via Iu-cs frames are sent asynchronous.

However, for UTRAN Iu mode, the MSC/MGW expects via the Iu-cs interface plain data in Iu user plane protocol data units, i.e. no rate adaptation is applied.

1.3.2 Non-transparent CS data services

In the case of non-transparent CS data services, the RLP protocol (see [4]) between MS and MSC is defined. 

In case of GERAN A/Gb-mode, frames with fixed length are sent in well defined intervals depending on the bitrate used at 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 with 14,5 kbit/s. Every 40 ms a RLP frame (576 bits + 4 control bits) is sent.

For UTRAN Iu mode the Iu user plane protocol (see [5]) is used to send RLP frames. These frames have the fixed length of 576 bits and are sent asynchronous. 

1.4 Capabilities of affected nodes

1.4.1 MS capabilities

The Bearer Capability IE is sent at call establishment from the MS transparently through the RAN to the MSC-Server within the SETUP message (see [7]). 

It can be assumed that the Classmark 3 IE is available within the BSC in case the MS wants to invoke HSCSD (see section 5.2.1.1 of [2]).

The following MS capabilities have to be considered:

Full rate / half rate support: (included only in BC IE)

Indicates whether the MS supports only full rate or it is dual rate capable.

Maximum number of traffic channels: (included in BC IE and CM3)

Within CM3: Indicates the maximum number of TCHs the MS supports in UL and DL.

Within BC IE: The MS informs the MSC about the requested configuration (which is not necessarily the maximum number of TCHs, which is supported by the MS).

Allowed channel codings: (included only in BC IE)

Indicates 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: (included only in BC IE)

Indicates 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'.

1.4.2 CN capabilities

As the IWF may not support all possible HSCSD configurations, the maximum number of TCHs as well as allowed channel codings might be restricted. 

Generally the MSC may restrict the bitrate, which was requested by the MS, to a lower value.

1.4.3 BSS capabilities

Within the BSS there might be restrictions regarding maximum number of TCHs for a HSCSD configuration (within BSC) as well as supported channel codings (e.g. due to the capabilities of legacy TRXs).

In GERAN A/Gb mode the above mentioned MS capabilities are transferred to the BSC during call establishment in the BSSAP Assignment Request [8] message. With this message the Channel Type IE is transferred from the MSC to the GERAN BSC indicating the required information for the setup of the RB(s) (allowed channel codings, asymmetry indicator,...). With this information the BSC can set-up an appropriate radio configuration, which is supported by the MS.

For GERAN Iu-mode it has to be assured that the BSS is either aware of the required MS capabilities or the MS capabilities are taken into account by the MSC-Server during call set-up (and handover) by restricting the possible HSCSD configurations.

2 GERAN Iu-mode

2.1 Requirements

· GERAN Iu-mode should be aligned to UTRAN as much as possible (i.e. principles defined for the Iu interface shall be maintained).

· GERAN Iu-mode reuses existing channel codings as defined for GERAN A/Gb-mode.

2.2 Architectural issues

2.2.1 Alignment to UTRAN

If, for GERAN Iu mode, the same architecture is considered as for UTRAN Iu mode, a IWF not supporting HSCSD is inserted in the MSC. Therefore functionality has to move from the IWF to the BSS:

· the BSS has to provide the transition of asynchronous (on Iu interface) to synchronous (on Abis interface) transmission,

· the BSS has to provide the split/combine function (see also the example for non-transparent data services in Figure 9),

· parts of RLP functionality (e.g. NULL frame generation, frame size transition, timer adaptation, considering of out-of-sequence RLP frames).

Issues to be considered:

· No difference between GERAN Iu mode and UTRAN Iu mode for the CN

· A change of the HSCSD configuration will not be visible to the CN.

· New functionality is introduced to the BSC

· High complexity and additional effort expected within BSS and MS.

Summary:

Considering the additional efforts for BSS/MS implementation and standardization, this approach should be avoided.

2.2.2 Alignment to GERAN A/Gb mode

Another approach would be to reuse the existing HSCSD mechanisms defined for A/Gb mode and to introduce new functionality to the Iu interface.

Issues to be considered:

· Iu user plane protocol does not differentiate between data frames belonging to different TCHs in case a HSCSD configuration was set-up.

· RANAP does not provide an equivalent to the BSSAP HANDOVER PERFORMED message to inform the IWF about a change of the HSCSD configuration. Therefore a new, GERAN specific, Elementary Procedure (EP) has to be introduced to the RANAP.

· Differences between UTRAN and GERAN A/Gb mode with regards to user plane issues cannot be avoided. 

Summary:

The introduction of a GERAN specific EP to the RANAP protocol seems to be not acceptable. Furthermore, inband signalling is always to be preferred, as it is pretty much faster.

2.2.3 Mixed approach

As described in 2.2.1 and 2.2.2, neither the pure alignment to the UTRAN architecture nor to the GERAN A/Gb mode architecture seems to be an acceptable approach. Therefore a mixed approach is proposed here, which 

- causes minimal impacts to both, the CN and the BSS,

- reuses existing functionality provided by an IWF,

- and reuses existing mechanisms provided by the Iu interface.

Description of the mixed approach:

· Considering that the GERAN A/Gb functionality inside the IWF has to be provided for the interworking between UTRAN and GERAN A/Gb mode already, i.e. during intersystem handover from UTRAN to GERAN A/Gb mode of a CS data call, the support of HSCSD functionality can be maintained within the IWF.

· Possible HSCSD configurations can be described within the RANAP RAB Assignment Request message using the SDU Format IE.

· A change of the configuration can be signalled using means provided by the Iu UP indicating the new RFCI value to be used (which corresponds to a certain HSCSD configuration).

This leads to the functional split between CN and GERAN as depicted in Figure 3 for the example of non-transparent CS data services.
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Figure 3: CS data services for GERAN Iu mode, mixed approach

This approach is the basis for the more detailed analyses within the following sections.

2.3 Proposal for CS data services via GERAN Iu-mode

Please see section 2.2.3 for a short architectural overview, which serves as the basis for the following detailed analyses.

2.3.1 Allowed data services

TS 22.002 (Circuit Bearer Services Supported by a PLMN, see [6]):

Within this specification a differentiation between GERAN A/Gb-mode (former used term 'GSM'), GERAN Iu-mode and UTRAN Iu-mode (former used term 'UMTS') has been made. Basis within SA1 was that GERAN Iu-mode should be aligned to UTRAN as much as possible.

2.3.2 Configuration at the air interface

If HSCSD has to be supported in GERAN Iu-mode, the MSC/IWF has to be aware of the currently used HSCSD configuration (see section 1.2).

2.3.2.1 Call set-up

A proposal for the call set-up for the GERAN Iu-mode is depicted in Figure 4. The proposed signalling covers the issues identified in section 1 and takes existing agreements (e.g. GERAN Classmark concept) into account.
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Figure 4: Mobile originated call establishment

1. MS capabilities required for CS data services, which are not contained in CM3, are sent to the 
BSS during RRC establishment, i.e. Full rate / Half rate support, Allowed Channel codings and 
Assymetry Indication (covered by working assumption of GERAN WG2).

2. The MS informs the BSS about its multislot capabilities by using the early classmark sending. 

3. The MS sends the CM service Request message to the BSC.

4. The BSC forwards the CM Service Request inside the Initial UE Message to the CN. Within this 
message the BSC includes the GERAN Classmark to inform the MSC about the BSS 
capabilities. With this information the possible HSCSD configuration can be restricted to those 
which are supported by all affected entities (MS, GERAN, CN). 

5. With the SETUP message the BC IE is sent to the MSC. The MSC answers with the Call 
Proceeding message, indicating the accepted FNUR to the MS. 

6. The MSC possibly restricts the requested air interface user rate, taking into account the 
capabilities of the IWF, BSS and the MS. The MSC assembles a RAB Assignment Request 
message containing the description of the RAB subflow combinations for all allowed 
HSCSD configurations.

7. The MSC sends the RAB Assignment Request message to the BSC.

8. The BSS allocates resources and performs the set-up of appropriate channels.

9. The BSS initiates the set-up of the Iu-UP towards the MGW.

10. If the set-up of the Iu-UP was successful, the BSS sends the RAB Assignment Complete 
message to the MSC.

11. Depending on the user plane set-up (see 25.415), the BSC is under control, which HSCSD 
configuration to be used initially. Therefore no outband signalling is required to indicate the 
HSCSD configuration to the IWF.

12. The IWF is seized accordingly.

The above described solution requires that BSS capabilities with regards to CS data services are introduced to the GERAN Classmark. The reason is to restrict the RAB subflow combinations to a lower number of RAB subflows (see message 6).

2.3.2.2 Handover / change of HSCSD configuration

During handover or when the BSC decides to change the HSCSD configuration, the outcome of the change, i.e. the new HSCSD configuration is reported to the MGW (see Figure 5 for the Resource change) by indicating the new RFCI value within Iu UP SDUs. With this information the MGW may adjust the IW resources accordingly, if required.
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Figure 5: Change of HSCSD configuration

An alternative approach would be to execute a handover (Relocation procedure) with CN involvement to setup the IWF correctly. The execution of the Relocation procedure will be required, if the target cell provides limited capabilities, for which no RAB subflow was initially set-up.

2.3.3 User plane considerations

2.3.3.1 Transparent CS data services

In case of GERAN A/Gb-mode, data frames are exchanged synchronous via the A interface [3]. A transition of the data stream via Iu interface (Iu-UP protocol data units) to the data stream sent via Abis, Um has to be provided by the GERAN BSC.
If a IWF with HSCSD functionality is inserted within the MSC, then the existing rate adaption can be reused as well, i.e. instead of plain user data via the Iu interface rate adapted frames will be sent. The BSC has to assure that frames belonging to different TCHs are sent via the correct Abis timeslot according to the SDU format description received by the BSC during RAB establishment.

2.3.3.2 Non-transparent CS data services

In case of GERAN A/Gb-mode, RLP frames with fixed length are sent in well defined intervals depending on the bitrate used at the air interface (see section 1.3.2).

A transition of the data stream via Iu interface (Iu-UP protocol data units) to the data stream sent via Abis, Um has to be provided by the GERAN BSC.
If a IWF with HSCSD functionality is inserted within the MSC, then the existing rate adaption can be reused as well, i.e. instead of plain user data via the Iu interface rate adapted frames will be sent. Therefore the MSC has to send an appropriate SDU Format description during the RAB Assignment procedure. 

2.3.3.3 SDU formats

As different data frames (rate adapted frames) are sent in case of GERAN Iu mode, the appropriate SDU parameters corresponding to the different channel codings have to be specified.

Furthermore, the MSC has to be aware of the fact, that a GERAN BSC is connected via the Iu interface to set-up the IWF accordingly. But this either is set-up by O&M means or the MSC can derive that information from the reception of the GERAN Classmark IE within the RANAP Initial UE Message.

2.3.4 Capabilities of affected nodes

2.3.4.1 MS capabilities

As can be seen from Figure 4, several MS capabilities have to be considered during RRC establishment, i.e. Full rate / half rate support, Allowed channel codings and Asymmetry Indication, which are only included in the BC IE but not in CM3 IE.

2.3.4.2 CN capabilities

The MSC-S must be aware of the IWF capabilities of its MGW.

2.3.4.3 BSS capabilities

To restrict the number of possible RAB subflow combinations for GERAN Iu-mode, the BSS CS data capabilities should be introduced to the GERAN Classmark, i.e. the maximum number of TCHs and allowed channel codings.

3 Conclusion

In this contribution the issues of CS data services for GERAN Iu-mode are discussed. 

It is proposed that GERAN WG2 agrees to follow the approach outlined in section 2.3 to be able to deliver CS data services in GERAN Iu mode. It is shown in this contribution that the GERAN Classmark concept can be extended to signal additional information about the capabilities of the GERAN with regards to CS data services to the CN.

If an agreement can be achieved, TSG CN1 and TSG CN3 shall be asked via LS for confirmation of the chosen solution.

To indicate the allowed / selected configurations during call set-up and relocation by introducing further extensions to the RANAP messages RAB Assignment Request, Relocation Request, RAB Assignment Response and Relocation Request Acknowledge is not required with the proposed concept as the existing Iu interface protocols already provide all required means.
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Annex A: CS data services as specified today

In this section a short description of existing CS data services is given to identify the differences between UTRAN and GERAN.

A.1. UTRAN

In UTRAN the set-up of only one RB is required for all data services, as UTRAN can provide higher bitrates on Uu.

As can be seen in Figure 6, for CS data services an interworking function (IWF) has to be inserted into the data path, which provides the interworking towards the fixed network.
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Figure 6: CS data services via UTRAN

A.1.1. Transparent CS data services

For transparent data services the Iu user plane (Iu-UP) is set-up in transparent mode on Iu-interface (see [5]). An IWF is inserted into the data path to map received data frames to modem signals in the fixed network.

A.1.2. Non-transparent CS data services

For non-transparent CS data services the IWF provides additional functionality like termination of the RLP protocol, rate adaptation functions,....

The Iu-UP is set-up in support mode (see [5]).

As can be seen from Figure 7, the RLP protocol (see [4]) is terminated within the MS and the IWF.
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Figure 7: Termination of the RLP protocol within the UE and the IWF

A.2. GERAN A/Gb-mode

In GERAN the maximum bitrate per TCH is fixed. To achieve higher data rates via the air interface, HSCSD was introduced. When using HSCSD, several TCHs are allocated to one subscriber, which requires some modifications to the above described concept. The network architecture for supporting HSCSD is depicted in Figure 8.
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Figure 8: Network architecture for HSCSD (copy of Figure 1 of [2])

In a HSCSD configuration up to n=8 channels are used at the radio interface. These different user data substreams are mapped over the A interface, where the maximum of 1 circuit (i.e. max. 64 kbit/s) is allowed. 

For details on HSCSD please refer to [2].

A.2.1. Transparent CS data services

In a HSCSD configuration the data frames (modified V.110 frames for 9.6 kbit/s, see [10], A-TRAU' frames at 14.4 kbit/s, see [11]) on the HSCSD channels carry data substream numbers to retain the order of transmission over GSM between the split/combine functions.

This split/combine functions are located within the MS and the IWF (see [3]).
A.2.2. Non-transparent CS data services

As can be seen from Figure 9 a modified RLP function (as well as a modified L2R function) is required within the MS and the IWF to support multiple parallel TCHs in a HSCSD configuration.




Figure 9: HSCSD concept in non-transparent mode (copy of Figure 9a of [2])
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