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1. Introduction

This contribution addresses the handling of the Iu interface and the Iu UP protocol initialisation when a TrFO connection is established through the CN.

At the first TrFO-TFO Harmonisation workshop (Stockholm, 8th May 2000) it was agreed that for TrFO break to work successfully each MG must have stored at call establishment all the parameters required by a transcoder to interface to an RNC. The Transcoder needs this information in order that it can understand the payload and respond to any rate control procedures sent to it. The information should be stored in the MGs prior to TrFO break in order to minimise the interference and delay to the procedure.

It was also agreed as a working assumption that Iu UP protocol shall be the used within the CN (PLMN) for TrFO connections on AAL2 transport layer. ITU I.366.2 should also be noted as a “fallback” solution and possibly for TrFO connections outside the PLMN.

It was also agreed that the OoBTC procedures and the TrFO solutions would not be limited to an initial mobile to mobile only solution as this would compromise other call scenarios.

For these reasons the network architecture specified by 3GPP for UMTS should be generic for all call scenarios, i.e. node architecture should not be different for UMTS to UMTS TrFO calls as for UMTS to PSTN TrFO calls.

At the second TrFO/TFO workshop (Helsinki 18th July 2000) it was agreed by the majority of contributors & delegates that a TrFO call could not be established without terminating the Iu UP protocol at some point (MGW) in the connection. However, contributions which proposed keeping such a termination during the TrFO active phase of the call were not met with common acceptance due to the perception that for a TrFO connection there should be no MGW activity over and above forwarding the speech packets. 

This contribution proposes a solution where the TrFO connections can be optionally removed from the connection during the active phase of the call. 

2. Key Issues

The key issues with respect to TrFO and TrFO break are due to the following assumptions based on the R99 release of RAN standards:

1. RNC’s dynamically assign RFCI values to the requested SDU formats, at RAB Assignment and Relocation Request. Thus an end to end RNC to RNC connection with Iu UP can result in two separate sets of indexes and new sets being allocated at handover/relocation.

2. The RNC is permitted to re-initialise the Iu UP during an established call. The reason for this has been assumed that it enables the RNC to permanently remove some Subflow combinations or re-initialise subflow combinations if previously removed. The assumed application is related to support of blind rate detection where a limited set of transport format combinations can be active at any one time. The feasibility of this is questioned and it could be that there is no practical reason why such “unsolicited initialisations” actually occur.
If the above assumptions are kept then a pure transparent connection is in conflict with the ability to break into the Iu UP connection to insert transcoders or add payload content. The MGW connections must have knowledge of the configuration of the Iu UP in order to do this and according to the above assumptions this could be changing during the call.

2. TrFO Solution

BICC CS2 architecture is assumed to be applied:
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Fig. 1: MGW & MGC Architecture in 3GPP

The diagram in Fig.1also includes arrows showing the bearer establishment (Q.AAL2 ERQ for AAL2 transport layer). The Transport Address passed to each RNC in the RAB assignments must be for the MGw’s, ensuring that the bearer is established through these points (so that the MSC's can access the payload). Note that for IP CN in R00 there must be a MG to change the bearer and therefore there is also a change to the bearer control protocol.

Also the transit network may also terminate the bearer with MGw connections in order to provide services.

At TrFO break the MGw’s must become Iu UP peers, and handle the protocol, thus Iu UP handling must be a function of the MGw’s. The option is to be able to disable this function during the active phase of the call. The decision to allow transparent Iu UP after call establishment or not is made at the MSC servers/Access MGw’s. The MGw’s in the CN receive information (new) in the Iu UP initialisation to indicate if the option to remove the Iu UP monitoring function is supported by the RNC’s or not. 

The RAB assignment contains a new parameter that indicates if the RNC is allowed to perform unsolicited IU UP initialisations, or not. Note: this may not be needed if it is agreed by RAN that such behaviour will not occur but as this needs to be confirmed (by LS) it is here assumed that we need such a request.  If the MSC Server has successfully negotiated a TrFO call it can then decide if it wants the TrFO connection to be transparent or not. If the option is to support transparent Iu UP connections then it sets this parameter in the RAB Assignment. This means that the RNC cannot re-configure its RFC’s and TFC’s mid-call without receiving a new RAB Assignment or Relocation Request from the MSC.

If the option is not supported by a MSC server or its RNC then its MGw always monitors for Iu UP init and maps RFCI allocation from its RNC to any initialisations received from a far end RNC. See figures 6 and 7.

The solution also requires that the R99 handling for crossed Iu UP initialisations is changed. R99 handling is specified accordingly:

In the case where an SRNC receives an Iu frame indicating that an initialisation procedure is active at the other end of the Iu UP, RFCI is applied as follows:

-
for the sending frame, i.e. UL direction, RNC uses the RAB sub-Flows Combination set indicated in Initialisation phase of the peer TFO or TrFO partner;

-    for the receiving frame, i.e. DL direction, RNC uses the RAB sub-Flows Combination set  as sent in its own initialisation frame.
For this solution the handling should be changed so that for the DL the RNC changes its RFCI set to match the set indicated by the peer. I.e. both sets for UL and DL match and are derived by the peer if an RNC receives an initialisation.

The advantage of this is that if one side changes its configuration the far end does not need to be updated, the change/mismatch can be rectified locally.

Call Establishment

The Iu UP protocol is established hop by hop to each MGw. The servers request to the MGw’s to perform termination of the Iu UP protocol. Subsequent Iu UP connections are established by the MGw’s using the same Iu UP parameters as received from the preceding MGw. The principle is shown in Figure 2.
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Figure 2: Iu UP Initialisation at call establishment

The bearer is shown as being established from A side to B side and also the Iu UP is initialised in this direction until the terminating server’s MG. The bearer could be established in the backward direction but the Iu UP must be established forward – if Iu UP is used through the network then it must be initialised to the terminating MGw so that RBT can be sent. The terminating RAB Assignment may not be requested until the UE has been contacted (Initial UE received) then there would not be any Iu UP initialisation from the backward direction until this time. Note the first MGw may also be bothway through connected, these options are described in ITU Q.764, under actions for originating exchanges. It should also be noted that the Iu UP can only be intialised transparently through MG1 if RNC1 accepts the “Fixed Config” mode.
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The MGw’s need the Iu UP parameters prior to the TrFO break. The reason for this is that during handover/relocation any additional out of band signalling would slow down the handover. Any inband signalling would require a number of impacts to the Iu UP protocol – a read procedure and a request to freeze any changes during the procedure. Also such procedures cannot be ensured that they do not cause interruptions to the ongoing speech call.

TrFO Active Phase

If the originating MSC indicated in its RAB Assignment that RNC should only perform one initialisation (Fixed Config) and this was accepted by the RNC then it can indicate to its MGw (MG1) to remove its monitoring function (pass Iu UP PDU’s transparent). This is for the case when the Iu was terminated at MG1 during set-up.

MGw’s within the network can  decide if they wish to remove the Iu UP monitoring function after answer. Assuming that all Servers in the connection are allowed to and decide to remove their monitoring functions, the Iu UP connection can become transparent from RNC to RNC, as shown in Fig.5.
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If any Server in the connection does not choose to remove the Iu UP termination or monitoring function then the Iu UP will be transparent up to that point, and  past that MGw.  If a MSC (originating or terminating) does not support the removal of Iu monitoring function then it maintains its Iu UP termination at its Access MGw. Any changes in the Iu UP from its RNC must be mapped to the configuration at call establishment by the Access MGw.

The concepts are shown in the following figures:
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Figure 6 – Iu UP Mapping
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In Figure 6 the MGw function for mapping of RFCI sets is shown. This is performed when a new configuration occurs due to Relocation, or could be performed at set-up prior to mismatch resolution.

Figure 7 – Iu UP Monitoring Only

In Figure 7 the monitoring of Iu UP protocol initialisation frames (PDU type 14) is shown. This is performed when an MGw is not switched transparent, and it is assumed that unsolicited initialisations can be sent by an RNC.
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Figure 8 – Iu UP Initialisation Mismatch Resolution 

In Figure 8 the Iu UP initialisation mismatch resolution is shown. This is performed when it is desired to remove the Iu UP mapping function from a MGw and an end to end RNC to RNC connection has resulted in different RFC indexes. The RNC receiving an Init changes both UL and DL sets to the new set sent in the Init.
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Figure 9 – Iu UP Transparent

In Figure 9 the transparent mode for an MGw with Iu UP incoming and outgoing is shown. This can be performed after a call has been initialised and any mismatch resolution has been performed. The MGw keeps a record of the allowed RFC indexes.

TrFO Break
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When a Server needs to insert a TRAU in the connection or any other monitoring or sending equipment, it can do this without any further signalling or interruption to the payload, as the MGw’s have stored the configuration at call establishment. This is shown by Fig.10.

RNC Relocation

At RNC Relocation a new RNC is connected into the call, this RNC may initialise the Iu UP with different RFCIs from the existing call. The Anchor MSC inserts an Iu UP monitoring & mapping function into its Anchor MGw prior to sending Relocation Request to the new RNC. The Relocation Request also contains the new parameter to indicate if the RNC is allowed to perform subsequent Iu UP Initialisations. Fig. 11 shows the first stage of the relocation. The Anchor MGw must receive the new Iu UP initialisation and return the configuration from call establishment to the RNC. The new RNC, RNC3, then re-configures to the set it receives from MG2. MGw2 must also send a rate control frame to RNC3 if there are any restrictions on the modes that RNC3 can send UL.
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After relocation the Anchor MSC may remove the Iu UP termination/monitoring function if it supports the new function and has requested this in the RNC Relocation Request. Then the new connection can also be switched transparent as shown in Fig.12.
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Support Of  Iur connections

If SRNC supports Iur interface to drift RNCs then it is assumed that if  the Serving RNC has accepted the request from the MSC to not re-initialise the Iu UP, then the serving RNC maintains this configuration for Iur connections also.

Inband Rate Control

Inband rate control procedures are performed between RNC’s and between RNC and UE. When a TrFO break occurs and a device is inserted into the path it should know what the current rate is and whether a request to change rates has been made. 

Rate control is requested from the RNC primarily based on traffic measurements, the RNC requests inband (Iu UP PDU, uplink) the mode or set of modes that it wishes to receive in the downlink. Conversely it sends downlink in RRC procedure an indication of the allowed mode or modes that the UE may send in the uplink.

If a MGw inserts a TRAU then this must then continue to operate in the same way towards the RNC as did the far end UE. For the UL the TRAU must expect any rate in the configuration stored during call establishment. In the DL the RNC expects the TRAU to send data at the rate it requested in the uplink rate control request. Prior to inserting a TRAU the MGw must monitor the Iu UP to see if any change to the current mode occurs. If  a  rate control frame was sent UL and went passed the MGw before it was prepared to insert a break/insert a TRAU then if accepted by the receiver it will start sending in a new mode. The required time for this response is less than the round trip time for speech packets.. 

If a pair of Transcoders are inserted the knowledge of the rate control from the far end RNC will be handled by the inband TFO protocol.

If there are only silence frames being sent then the mode of the speech encoding is included in the AMR SID frame so the MGw can also monitor this in the same way as if the frames were normal speech (‘SPEECH_GOOD’).

4. Call Flow Sequences
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Sequence 1 Call Establishment, basic set-up (no paging shown)
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Sequence 2 – Call Establishment, RBT applied during paging, codec modification after [image: image14.wmf]RNC1
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3. TrFO Solution Questions

As proposed by the chairman as a requirement for proposed solutions, the following list of questions are also addressed:

1. Does the solution consider TrFO for call types other than MS to MS ?

Answer: Where a connection continues outside the PLMN, if Iu UP protocol is used then the option to remove terminations is still applicable (indicated inband in the Iu UP initialisation) for other networks. If they support this function then they can also remove the terminations after answer. If  Iu UP is not supported outside the PLMN but another framing protocol is used then the Iu UP termination must remain as the MGw’s must map between this protocol and the other network’s protocol. 

2. Is the solution consistent for all call types or does the MG control require specific actions for a given call scenario?

The solution is consistent in that Iu UP terminations are required during call establishment and at TrFO break for all call types.  The option to remove the termination/monitoring is made by the Server/MGC based on the call connection. The MGw only has to support the ability to monitor or go transparent, the decision of when to do this is made by the CC. 

3. If MG has inconsistent behaviour for different call types, is it clear how this is determined ?

NA.

4. Does the solution include handover ?

RNC Relocation, SRNS Relocation and relocation via Iur are described. Handover to GSM is treated as a TrFO break as GSM requires a TRAU to be inserted. 

5. If the solution includes handover, how is the quality affected compared to Non TrFO - e.g. is there more signalling, longer break in speech ?

No additional inband signalling or outband signalling is required. The impact due to the alignment of the RFCI sets is performed prior to switching in the new RNC so the impact is minimised. There is no impact to the far end peer RNC due to the local relocation. 

6. Does the solution work with Legal Interception ?

Yes, legal interception can be performed by any MGw connected in the call at establishment. The server can perform this with or without removing the Iu UP monitoring function. The SDU monitoring does not need to interact with the Iu UP PDU’s as it does not send  any SDU’s.

7. 
Does the solution work with R99 CC options: Originating and Terminating call set-up:

i) Early Assignment, network provision of ringing tone

ii)Very Early Assignment

iii) OACSU (Late Assignment)

Yes, if the Iu UP is terminated (Iu monitoring and mapping function) at the Access MGw during call establishment then no change to the bearer connection or Radio Bearer assignment handling is required from R99.  Note if a MSC chooses to connect its first MGw bothway during set-up and its RNC initialises in “Fixed Config” then no Iu UP termination in this MGw is needed. However all MGw’s must perform Iu UP monitoring during set-up in order to store the RFCI’s.

8. Does the solution work with ISUP/BICC NNI signalling options, e.g. Originating exchange connects  transmission backward only until ANM ?

Yes, as the Iu UP must be terminated at each MGw during call establishment, then the first MGw acknowledges the Iu UP Init and so it does not need the bearer to be connected bothway prior to answer.  As all MGw’s must terminate the Iu UP during establishment then there is no restriction whether they throughconnect bothway the speech path or not during setup phase.

9. Are there impacts to 3GPP R99 standards ?

Yes. The following is a summary of the impacts to R99 standards:

i) Change of handling of receipt of Iu UP initialise by an RNC – must use the received RFCI sets for UL and DL.

10. If there are impacts to the standards are these clearly explained, which WG's are affected, and how large are the impacts ?

The proposed change affects 3G TS 25.415, which is the responsibility of RAN WG3. The impact to update this in the specification is minor – change of one sentence.

11. If there are impacts to the standards are they backward compatible ?

The additional impacts for TrFO in R00 standards are summarised below:

i)
New indicator in RAB Assignment and Relocation Request to indicate that the Iu UP must not be re-initialised without request from MSC. Indication that this is supported in reply. Impacted specification – RANAP, 3G TS 25.413.

Backward compatibly because if this is not included MSC then R99 behaviour kept for RNC. If not supported by RNC then no flag returned in reply and no flag set in Iu UP initialise. 

ii) New flag set in Iu UP initialise to indicate that no unsolicited changes will occur. Impacted specification – 3G TS 25.415.

Backward compatible because if RNC does not support it then MSC knows it must keep the Iu UP termination or insert a TRAU.

12. If there are impacts, is it clear how they will impact products released in R99 ?

The impacts due to the modification of the Iu UP initialisation to a RNC for R99 should have no compatibility problems because this could only occur when a TrFO connection existed and this is not possible in R99.

The impacts to add R00 functionality should be quite minor and not affect the handling of R99 functions as the requirement is to turn off some functionality.

13. Is the solution feasible in the R00 timescale - i.e. can all updates to the specifications be made in time - what is the risk of failure ?

The impacts to the stage 3 specifications (RANAP and Iu UP Protocol) are quite minor and so should not be a problem to meet the deadline. The Stage 2 description for this WI (3G TS 23.153) requires quite a large amount of updates regardless of the chosen solution because of the problems being discussed. The updates required if this solution is accepted are attached with this contribution, therefore the remaining task is to review the draft for approval.

If the impacts proposed to other WG’s are not completed in time then the solution can still operate in Iu UP monitoring mode. I.e. it is possible to still provide a TrFO solution without all parts being complete at once.

14. Does the solution consider both IP and AAL2 transport layers for R00, e.g. is the solution complete for IP transport or is it limited to AAL2, and IP solution needs further study ?

The solution assumes that if Iu UP can be supported on IP then the same solution is applicable for this transport. If a mixture of IP and AAL2 is involved in the transport connection then MGw’s are required for conversion of the bearer. If Iu UP cannot be carried on IP and another framing protocol must be used (RTP) then the Iu terminations cannot be removed as the Iu UP protocol is terminated and the MGw must map between Iu UP and the other framing protocol. The solution works for either of these scenarios.
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