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Introduction

In CN4 #15, Helsinki the problems associated to the currently specified Codec Modification procedures described in TS 23.153 were raised in N4-020831. The discussion continued offline between Nokia, Ericsson & Siemens. The main problems are described below:

1. The Codec Modification procedures are based on the ITU-T BICC Mid Call Codec Negotiation/Modification procedures (Q.1902.4) and their associated MGW control procedures described in Q.1950, but these procedures do not consider the specific problems with IuUP as the User Plane protocol.

2. IuUP needs new RFCIs to be stored in each MGW and RNC for the new codec, this needs to be coordinated within the out-of-band modification procedures.

3. The above Iu UP initialisation should be designed in such a way that the RFCI value mapping is avoided as far as possible to save hardware coasts.

4. The unsuccessful modification procedures need to be described for 3GPP to ensure that the IuUP for the old codec is re-initialised and confirmed within the modification procedures.

5. The MGW needs to know that a modifcation procedure is going on (and is still in a transient state). This is required to ensure that the MGW does not return to TrFO before all User Plane procedures are complete and for the Service Change/UDI fallback service the MGW should accept changes to terminations during the transient state where it would not be able to resolve the stream properties with any interworking or transcoding device.

As the changes to correct Codec Modification are being directed to Rel4 and Rel5 both of which are functionally frozen the solutions should avoid any impacts to other WG’s protocols (especially RAN) and minimise any stage-3 protocol impacts. Potentially improvements to the solution could be made on this level for future releases.

Current Standardisation

The codec modification procedures in ITU-T are described in the figure 1.  The Modify_Char procedure is described (Q.1950) as being used to reserve the bearer service(s) for the connection. The Reserve_Char procedure is described as being used to initiate the bearer level modification (if needed). The sending forward of the Codec Modification message to a subsequent node should not be performed until acknowledgment (BNC_Modified) that the bearer and resources are reserved from the preceeding node. The Confirm_Char procedure is described as being used to finally make use of the reserved resources and initiate bearer level modification (if needed). This procedure is only used toward the termination that intiates bearer level modification. The BICC procedures (Q.1902.4 Clause 10.4.3) also indicate that in the Codec Modification Failure case the Server shall restore the bearer/resources to the previously used codec on receipt of the Codec Modification Failure message. The Confirm_Char procedure allows the old codec/bearer service to be indicated and it can thus be assumed that from the BICC procedures perspective that in the Codec Modification Failure case the Confirm_Char procedure is used to return the bearer to the original settings.
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Note: The Mid-Call Codec Negotiation procedures appear the same as the backward Modify To Selected Codec message sequences but a different message name is used (Modify Codec) to enable resolution of collisions.

The IuUP initialisation needs to be complete at each MGW node prior to the receipt of the Successful Codec Modification message at each node. At the Helsinki meeting a further contribution was submitted (N4-020830) discussing one solution to this which assumed that the IuUP Initialisation should be performed in the forward direction and this needed a trigger from the succeeding node back to the  initiating node in order to know when the succeeding node was in TrFO break and was thus ready to receive an IuUP init. The proposed solution to this was to use the bearer modification procedure in AAL2 and introduce another mechanism for IP. However the problems with this solution are that firstly for the AAL2 case it means that all nodes must support the (optional) Modification Of Link Characteristics procedure (which is only available in Q.AAL2 CS2) and secondly a MOD must be sent even if the bearer does not need to be modified. 

For example if the modification is from G.711 to AMR the bearer would not need to be modified until after the codec has been changed but in this solution a MOD is needed first to trigger the IuUP Init (triggered by the Reserve_Char) and then a second one to reduce the bandwidth (triggered by the Confirm_Char). In the IP case the solution needs a new procedure and possibly two payload types to be defined for the same actual payload (NbUP).

It is important to consider the different call scenarios that may cause a Codec Modification before deciding which direction the RFCIs should be sent. The goal being to avoid a large number of RFCI mappings in the MGWs in order to enable TrFO. The following set of figures depict the majority of call scenarios and the codec modification direction.
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Figure 2: Codec Modification due to Inter-System handover – PCM to AMR, TrFO results

In Figure 2 if the RFCIs were initialised from MSC where the handover occurred (in direction of the modification – option 1) the MSC terminating the modification would have to either map the RFCI values (MGW interworking function) or perform RFCI value correction at its RNC. This may involve changing the MGW 3GUP property to OUT in order to indicate to its MGW that RFCI value correction should be performed. If the RFCIs were initialised from the terminating end (option 2) in this scenario the terminating MSC would use the RFCIs from its access MGW (this may also require a modification to the 3GUP direction incase at call establishment it was a terminating node). No major advantage between Options here.
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Figure 3: Codec Modification due to Inter-System handover – PCM to AMR, bandwidth saving

In Figure 3 the MSC terminating the codec modification has to insert a TC at its access MGW. If the RFCIs are initialised from the originating side (option 1) the RFCIs would be passed to the TC where the IuUP protocol is terminated. If the RFCIs are initialised from the terminating end (option 2) then the Access MGW will have to create RFCIs itself for the Subflows to be intialised. (However, RFCI value correction towards the RNC would still be possible) Option 1 is better here.
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Figure 4: Codec Modification due to Inter-System handover – AMR to PCM, transcoder optimisation

In Figure 4 a transcoding stage is removed, this means that the codec modification stops at the the transit node. Even though the link is not TrFO mapping of RFCI values should be avoided. If the RFCIs are initialised from the originating side (option1) then the transit MGW may have to map the RFCI value to the one it has going out to the transit network (if using IuFP). Otherwise this could be I.366.2 or TDM and then mapping is not an issue. If the RFCI values are sent from the terminating end (option2) then whichever value is used from terminating TC shall be used back to the preceeding nodes. Option 2 is better here.
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Figure 5: TFO protocol –  TrFO harmonisation

In Figure 5 a call is established with a G.711 link across a transit network. The TFO protocol results in another codec being selected and modification occurs towards the radio access. If the RFCIs are initialised from the CN toward the RNC (option1) then the CN TC needs to allocate the RFCIs and the access MGW terminating the codec modification needs to perform RFCI value correction toward the RNC. If the RFCIs are initialised in the backward direction (option 2) then the RNC’s RFCIs will be forwarded up to the TC which then terminates the IuUP. Option 2 is clearly better here.

Other Modification Cases

Other cases exist such as modification at call establishment (inband progress tone is applied and then at receipt of codec list from terminating Ue a new codec is selected) or SRNS relocation during TrFO results in change of service (say from AMR-WB to AMR-NB because the new RNC doesn’t support WB) but it is believed the signalling sequences are covered by the previous examples, such further examples are:

1. Call forwarding (unreachable, no reply etc). If tones have been sent back inband then a codec has been selected. If then a final B-party is reached and the selected codec must change then the RFCIs from the A-side can be used (backward direction, all the way to the final B-party just as in normal call establishment, note that the b-party has no bearer established yet). See figure 6.3.1/2 in 23.153.

2. Removal of CCD – this scenario could be in middle of 2 NbUP legs. Then it may be that one leg can be modified to match the other leg and in this scenario the sending forward of the RFCIs would avoid re-initialising or RFCI mapping. On the other hand both codec legs may need changing. Secondly considering the frequency of use of CCD in mobile network AND the occurrence when the CCD is removed when 2 parties are left this case should not be used to decide on solution; we should never optimise a solution based on the lowest likely occurrence.

Proposed Solutions

The proposed solution for performing codec modification using IuUP is to initialise the IuUP in the backward direction. The procedure is shown in Figure 6.
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Figure 6: Codec Modification with IuUP initialised in the backward direction

Each MGW node receives a Modify Bearer Char and reserves the new codec, this should include reserving the IuUP resources. As it receives an indication of the new codec type requiring new SDUs it knows that a new Iu UP initialisation is required and it will activate its IuUP entity (go into TrFO Break). Each termination receiving a Reserve_Char will initiate bearer level modification to the preceeding node if needed  - i.e. if the bandwidth needs to be increased to support the new IuUP, no IuUP initialisation occurs at this point – again the Reserve_Char includes new codec type it knows if a new IuUP Initialisation is required. At the node terminating the codec modification provided the procedure is successful it initiates an IuUP Initialisation with the new RFCIs back to the preceeding node. In order to ensure that all terminations have the correct Initdir for it is required to introduce the 3GUP package property to the Reserve_Char procedure. The IuUP init through the core-network is triggered by the Confirm_Char procedure if the terminating node is a MGW,  this needs the 3GUP package property “initialisation direction” to be added – by including the property initdir = OUT in the Confirm_Char procedure the MGW knows to start the IuUP Initialisation. If the node terminating the modification is an RNC then it will generate a new IuUP Initialisation toward its access MWG. This will in turn acknowledge the IuUP Init back to the RNC and forward the RFCIs to its outgoing side to be sent in an Initialsation back to the preceding MGW (as for call set-up). 

In the speech case simply receiving the IuUP Init in the backward direction triggers the sending of the RFCIs to the preceding node, on receipt of the acknowledgment the MGW can decide to go back into TrFO.

Failure Cases

If the Codec Modification is unsuccessful at a certain node in the connection then the Confirm_Char message is used to change the bearer back to its original bandwidth (if needed) and free up any reserved resources. However as the IuUP has not been modified at this stage no re-initialisation is required. The sequence is shown in Figure 7. For each termination that received a Modify Bearer Characteristics procedure it will receive a subsequent Modify Bearer Characteristics procedure with the old codec in the failure case. As no IuUP initialisation occurs in the failure case the IuUP currently intialised will then match the old codec restored by the subsequent Modify Bearer Char; the MGW then knows that it can return to TrFO.
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Figure 7: Unsuccessful Codec Modification

If in the successful case the IuUP initialisation in the backward case fails (this must be due to some protocol error or transmission error because the resources have already been successfully reserved) then the UP protocol is cleared by the peers (see TS 25.415) and therefore the call shall be cleared. This is a normal MGW initiated call clearing case already described in TS 23.205. This is shown in Figure 8.
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Figure 8: Codec Modification Failure due to failed IuUP Initialisation

RAB Assignment Modification Failure

According to the 
RANAP TS 25.413 if the RNC is unable to modify the RAB it returns a specific cause code, the following is an extract from the TS:

When UTRAN reports unsuccessful establishment/modification of a RAB, the cause value should be precise enough to enable the core network to know the reason for unsuccessful establishment/modification. Typical cause values are: "Requested Traffic Class not Available", "Invalid RAB Parameters Value", "Requested Maximum Bit Rate not Available", "Requested Maximum Bit Rate for DL not Available", "Requested Maximum Bit Rate for UL not Available", "Requested Guaranteed Bit Rate not Available", "Requested Guaranteed Bit Rate for DL not Available", "Requested Guaranteed Bit Rate for UL not Available", "Requested Transfer Delay not Achievable", "Invalid RAB Parameters Combination", "Condition Violation for SDU Parameters", "Condition Violation for Traffic Handling Priority", "Condition Violation for Guaranteed Bit Rate", "User Plane Versions not Supported", "Iu UP Failure", "Iu Transport Connection Failed to Establish".

However it is not clear what the UTRAN has done with the Radio Access Bearer. There may be cases where the RAB is still intact and thus the MSC could revert to the old codec (as in Figure7) however there may be other cases where the failure occurred during the IuUP configuration or even at the Radio Bearer set-up. It could be assumed that if the RAB is unrecoverable the MSC will receive a subsequent RAB Release Request; this however should be confirmed by RAN3 via an LS.

Modification for Service Change

For the service change feature it is proposed to always send Modify Bearer Char to the first Termination (incoming) with the new codec (e.g. UMTS_AMR_2 and MuMe) and at the same time change the termination stream mode connectivity from the outgoing termination. This will prevent the MGW from attempting to resolve transcoding or interworking between multimedia and speech codecs while in the interim state of performing the modification for service change. Once the modification is complete the stream modes for each termination are returned to the active (bothway) state.
Required Standards Updates

1. 
Reserve_ Char procedure needs the 3GUP property to be added (in the same way that Modify Bearer Characteristics is defined as being based on Modify Characteristics with addition of 3GPP specifics which includes the 3GUP package properties).

2. 
Confirm_Char procedure needs the 3GUP property to be added (in the same way that Modify Bearer Charateristics is defined as being based on Modify Characteristics with addition of 3GPP specifics which includes the 3GUP package properties). 

3. 
The TS 23.153 is revised to include the procedures for Codec Modification with IuUP as described in this paper. 

34
An LS needs to be sent to RAN3 to confirm our working assumption regarding unsuccessful RAB Assignment Modification.

Conclusion

The above solutions solve the problems defined in the Introduction to this paper with the minimum standards impacts and should be accepted for Rel4 and Rel5 specifications. The updates to TS 29.232 are in CR#045 (N4-021174) for Rel4 and the updates to TS 23.153 are in CR#38 (N4-021172) for Rel4.
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