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1  Introduction

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

During TSG GERAN #5 it was proposed that a working assumption should be reached during this WG2 #5 bis meeting. Therefor some additional considerations were added  (mainly in section 2.2.4).

2 Architectural principles

In [1] several differences between UTRAN and GERAN have been addressed in detail, a short summary is given 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. All negotiations are QoS based and not service based. This principle shall be maintained for GERAN.

· GERAN must be aware of the selected service (a specific codec which was negotiated between MS and e.g. MSC-Server), because a service-specific channel coding has to be applied.

· In case of the support of legacy TRX also RAN capabilites have to be considered. These RAN capabilities might be very dynamic, as e.g. the AMR resources of a cell might already be allocated for other MSs and are therefor not available at a given instant although AMR is supported by some of the TRXs serving the cell.

· TrFO has to be taken into account to minimize delays and to maximize the speech quality.

Note: The RAN capabilities should be taken into account independently from the support of legacy TRX, as after the introduction of new services (e.g. WB_AMR) a analogous situation exists.

2.1 Making GERAN aware of the service and the MS capabilities

As already mentioned, it is necessary to provide information of the selected service to GERAN, after the service was negotiated between MS and CN node, as described in the following examples:

· Iu-cs: Codec was negotiated between MS and MSC-Server in case of establishing a speech call, the information of the selected codec has to delivered from MSC-Server to GERAN.

· Iu-ps: After codec negotiation between MS and P-CSCF on SIP level, GERAN has to be informed of the selected codec, if header removal should be applied (This issue will be captured by the TR on optimised speech.).

After GERAN is made service aware, GERAN is able to apply the service-specific channel coding. The issues listed in this section is completely independent from the issues regarding the support of legacy TRXs but have to be solved when using the Iu-cs interface.

2.1.1 Service information

Within the RANAP protocol (see [2]) currently the NAS Sync Indicator IE (in RAB Assignment Request message) is included. With the NAS Sync 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 a 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 Sync Indicator IE (as long as the the one-to-one mapping is sufficient, i.e. maximum of 16 defined codecs). 

Note: To derive the selected codec from the NAS Sync Indicator IE is only possible for the CS-domain. This IE is not received from Iu-ps. Therefor a different handling for Iu-ps (optimised speech) has to be defined.

So far GERAN has knowledge of the selected CS-service. But that does not solve the problem completely: also the possible modulation schemes (which are supported by the BTS and the MS) and the Active Codec Sets (a TRX shall support all modes of an adaptive codec type) have to be considered.

2.1.2 Possible modulation schemes and other MS capabilities:

For establishing a radio bearer, GERAN has to take the MS capabilities into account. Following  MS capabilities have to be considered: the supported modulation schemes per codec for speech services, allowed channel codings, asymmentry indication for data services.

These MS capabilities have to be made available within the GERAN BSC. Either

1) via MSC-Server (as it is done implicitely within the Channel Type IE of BSSAP today in GSM, see [3]) 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 RAB Assignment Request.

Possible solution 2) requires a 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, which should be avoided. 

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.

2.2 RAN capabilities

The issues listed in this section are related to the support of legacy TRX. But these issues have to be solved as well, when new services (e.g. codecs) are introduced to GERAN.

2.2.1 Possible solutions - call set-up

1) No exchange of RAN capabilities

· CS-domain: during RAB negotiation currently only QoS parameters can be negotiated (also valid for the Iu-ps). If a RAB Assignment procedure fails, because the requested codec is not supported in the TRX, the CN node (in this case the MSC-Server) has no knowledge that the RAB establishment failed due to the fact of a not supported codec. 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).

· PS-domain: when introducing header removal a analogous problem exists with the difference that the MS and not the CN node is negotiating the codec (on SIP level). If not taking the RAN capabilities into acount, either a bad service quality can be achieved or a mid call re-negotiation is required.

2) Exchange of RAN capabilities between GERAN and CN node

This will only be applicable for the CS-domain as in the PS-domain the MS is negotiating the codec type.

· CS-domain: If the MSC-Server has knowledge of the RAN capabilities (additionally to the MS capabilities),  the MSC-Server can select a codec type, for which a channel coding exists in the GERAN, during codec negotiation and afterwards request a RAB for this codec.  A GERAN specific container (GERAN Service Classmark) will be needed within the RANAP Initial UE Message and within the Relocation Required message, which indicates those codecs to the MSC-Server, which will be available during RAB establishment.

3) Exchange of RAN capabilities between MS and GERAN

In section 2.1.2 it was outlined that the transfer of the MS capabilities will be required in GERAN (during RRC establishment). One more solution could be to transfer the RAN capabilities to the MS during this procedure (a similar approach can be found in [4]).

· CS-domain: after having the knowledge of  codecs (which are supported in the RAN), the MS should take this list into account when e.g. sending the NAS message SETUP (carrying the Supported Codecs IE). If only the subset, which is supported by the RAN and by the MS, is transferred in this message, the MSC can take the RAN capabilities into account as well.

· PS-domain: if the MS is taking the RAN capabilities into account when negotiating the codec on SIP level, there might be no need of re-negotiating the codec after bearer setup.

2.2.2 Discussion

In this section the possible solutions of section 2.2.1 are discussed.

· During RAB Assignment procedure only QoS parameters are negotiated. Therefor it is not possible to negotiate a codec type using this procedure.  

· Looking at the message flow of  the call setup for a mobile to mobile call (Figure 6.1/2-4 of [6], see Annex B), 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) 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. Furthermore during the codec negotiation procedure only supported codecs are signaled to the peer entitiy, i.e. those codecs which are available during the call.

· Solution 2) is applicable only to the CS-domain (i.e. if chosen, a second solution has to be developed for the Iu-ps). A GERAN specific enhancement of the RANAP protocol is required (optional IE within Initial UE Message and Relocation Required) but no additional signaling on the air interface is necessary.

· Solution 3)  is applicable for CS and PS domain requirering additional signaling on the air interface. RAN capabilities have to be broadcasted or the transfer of the RAN capabilities has to be performed during the exchange of MS capabilities, but will not be visible to the CN.

2.2.3 Inhomogenous TRX capabilities

If the TRX capabilities are not the same inside a specific area and if this is not taken into account when providing the RAN capabilities to the MS, several additional issues have to be considered:

Intra BSC handover with codec change:

If the TRX in the target cell has less capabilities as the TRX currently serving the MS, a codec change might be required during the handover of a speech call. Therefor a BSC external handover has to be executed to re-initialize the Iu user plane. 

· this causes additional signaling via Iu and 

· signaling inside the CN to maintain TrFO (codec modification, modifications of the user plane to the peer entity). 

To avoid these issues the RAN capabilities (signaled to the MS) have to be the same inside the network (Note that this does not require that all TRX are having the same capabilities! – see Annex A). If the RAN capabilities cannot be the same in the whole network, they should be the same in an area, which shall be big enough to avoid e.g. codec changes during handover during most of the speech calls. 

2.2.4 Discussion of possible solutions - behaviour during handover

To be able to identify the best solution the behaviour during handover is discussed in this subclause.

Solution 1 of section 2.2.1 is excluded from considerations here because it does not solve the issues (as discussed in section 2.2.2).

Solution 2 of section 2.2.1, Exchange of RAN capabilities between GERAN and CN node:

With this solution a GERAN classmark is introduced to the RANAP Initial UE Message and Relocation Required messages within a GERAN specific container. 

If the GERAN classmark of the target cell is included in the Relocation Required message, the MSC-A can take into account the possibly different capabilities of the target cell at the initial stage of the handover procedure. This allows the correct setup of the user plane towards the target BSC (via MSC-B in the inter-MSC handover case). 

If no GERAN classmark is received in the Relocation Required message (e.g. at handover from UTRAN to GERAN), then MSC-A will assume that the same codec is supported in the target cell. If this codec is not supported in the target cell, then the Relocation procedure will fail. To be able to perform the handover in this scenario, it will be necessary to introduce the GERAN classmark also to the RANAP Relocation Failure message. If MSC-A receives the RAN capabilities within the Relocation Failure message, MSC-A could initiate a second handover towards this target BSC taking the different capabilities of the target cell into account.

Note: The behaviour in case of not supported codec in the target RAN and the resulting  Relocation Failure needs further study (insertion of a transcoding entity, problems due to delay of initiating the handover procedure a second time....).

Solution 3 of section 2.2.1, Exchange of RAN capabilities between MS and GERAN:
Using the "Supported codecs" IE to signal the RAN capabilities to the MSC solves the issues at call set-up. The MS will send a subset of its capabilities to the MSC (masking out the codecs not supported by the RAN). 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.

3 Conclusion

It is proposed that TSG GERAN WG2 agrees on the issues listed  in this section, which should serve as new working assumptions:

· With the RANAP protocol the information about the negotiated CS-speech-service can be signaled to GERAN using NAS Sync Indicator IE. If more than 16 codec types are standardised, another solution has to be defined. As this is not a future proof solution, it is proposed to ask CN1, SA4 whether this approach is feasible or has to be modified.

· As the GERAN BSC must know the MS capabilities (modulation schemes and additional parameters related to data services, see section 2.1.2), it is proposed to introduce a GERAN specific container to the RANAP message RAB Assignment Request.

· The transfer of RAN capabilities will be required for call set-up and during handover.

· Solution 3 of section 2.2.1 is not feasible as discussed in section 2.2.4., a common approach for the CS and the PS-domain is not possible.

· It is proposed to introduce a GERAN classmark within a GERAN specific container to the RANAP messages 

· Initial UE Message,

· Relocation Required,

· Relocation Failure (FFS),

· Relocation Request Acknowledge (FFS).

This approach requires that the GERAN classmark has the same value within one cell.

· A codec change during handover should be avoided . With the introduction of the GERAN classmark and the approach described in Annex A, a codec change during handover will be required only in rare cases. 
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Annex A

In the following we will assume that solution 2) of section 2.2.1 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 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.

Annex B (copied from [6]):
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Figure 6.1/2: Call Setup. Mobile to Mobile Call. Message Flow part 1.
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Figure 6.1/3: Call Setup. Mobile to Mobile Call. Message Flow part 2.
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Figure 6.1/4: Call Setup. Mobile to Mobile Call. Message Flow part 3.
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