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1 Scope

TS 23.060 define the preservation procedures for real-time PDP contexts in Iu mode to allow the continuation of the data transfer after a regain of coverage and to protect potentially existing secondary PDP contexts without TFT
. 

Although all traffic classes are defined independent from the mode of operation (A/Gb or Iu) in the past the focus was on realtime capabilities for Iu mode. With the introduction of streaming applications (e.g. PSS in Rel-5) there is an increasing need for PDP contexts with traffic class streaming also in A/Gb mode. Under these circumstances the missing preservation for streaming/conversational in A/Gb mode became obvious in Rel-5. It is also needed for proper operation of intersystem changes. 

2 Assumptions and Descriptions

The preservation of PDP contexts in A/Gb is performed when radio coverage is lost, when the radio link quality is insufficient or when the MS suspends GPRS.

2.1 Trigger of Preservation

The description of the Iu mode preservation trigger can be found in Annex A of this paper. Similar triggers can be determined for A/Gb mode. The preservation procedure for A/Gb mode shall handle situations in which the MS is not longer able to receive and send data in the current cell. Frequent changes between preservation and re-establishment of the data path shall be prevented.

The following triggers need to be taken into account for preservation of realtime PDP contexts in A/Gb mode:

1. Radio Status procedure as defined in TS 48.018 for the causes “Radio contact lost with MS” and “Radio link quality insufficient to continue communication”

2. Intra- and inter-SGSN Suspend procedures as defined in 48.018 and 23.060 

The preserved realtime GPRS bearer services are re-established by the MS initiated PDP context modification similar to already specified Iu mode handling.

BSS flow context and potential adaptation of flow control is handled according to the trigger of the A/Gb mode preservation.

For non-realtime PDP contexts the preservation should not need additions or corrections in the specification.

2.2 Relation to charging

The preservation procedure for realtime PDP contexts in A/Gb mode needs to be aligned with the Iu mode procedure. This means that streaming and conversational PDP contexts shall be modified to a maximum bitrate of 0 kbit/s for up- and downlink in the MS and in the CN (at SGSN and GGSN). This modification of the maximum bitrate set to 0kbit/s is the result of the interruption of the DL traffic from the SGSN to the BSS (Suspend procedure or Radio Status procedure) and needs to be indicated in the CN in order to guarantee the modification of the QoS and to solve the charging of the data correctly. 

If the maximum bitrate between the SGSN and the GGSN remains unchanged then the GGSN still sends data to the SGSN. Due to the fact that the SGSN already suspended the DL traffic to the BSS (as result of the Radio Status Procedure triggered by the BSS) all received data from the GGSN will be discarded in the SGSN after the lifetime expiry of the data
.  All the data passing the GGSN will be charged in the GGSN although the data are deleted in the SGSN, as there is no possibility to provide it to the MS. Consequently the charging in SGSN and GGSN generates different information
 although the bitrate of streaming/conversational is guaranteed for these traffic classes. In case the bitrate between the SGSN and GGSN is set to 0 kbit/s no data will be charged in SGSN and GGSN. 

3 Proposal

Preservation of real time contexts in A/Gb mode

The preservation of non-realtime PDP context is done already now since there is no specific handling related to it. The PDP contexts are preserved without change, as bitrate and transfer delay are not guaranteed. The modification of the maximum bit rate to 0kbit/s in up- and downlink direction (MBR=0/0kbit/s) is specific for the preservation of realtime PDP contexts. This preservation is performed locally at MS and network. The term local refers to the modification in the MS and the network (SGSN/GGSN) without signalling between MS and network. As there is no peer-to-peer signalling, the conditions when the MS shall assume that the preservation is performed by the network need to be defined. A CR to 44.060 defining these conditions has been provided to the GERAN #16 in documents [2], [4].

For a PDP context, which is preserved all DL PDUs, are not forwarded to the BSS but discarded by the SGSN.

As outlined above, there are two triggers (see section 2.1), which shall be used in the SGSN to preserve realtime/non-realtime PDP contexts in A/Gb mode:

· Radio Status

The reception of the RADIO STATUS PDU in the SGSN (as shown in Figure 1) causes the preservation of PDP contexts if the “Radio cause” IE indicates “Radio contact lost with MS” or “Radio link quality insufficient to continue communication". The radio cause “cell re-selection ordered” does not trigger the preservation.
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Figure 1:
Preservation of realtime PDP contexts in A/Gb mode

· Suspend procedure:
The preservation feature triggered by the Suspend procedure invokes a similar handling as described for the Radio Status procedure. 
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Figure 2
Preservation of realtime PDP contexts in A/Gb mode
The MS triggers the Suspend procedure and the BSS triggers the suspension of GPRS services in the SGSN. 

Re-establishment of preserved contexts

The MS that regains coverage shall reverse the preservation of realtime PDP contexts in A/Gb mode via a MS initiated PDP context modification procedure (see below). 
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Figure 3:
Re-establishing the bearer after a preservation

For each PDP context, which is preserved to 0/0, the MS will perform a separate PDP context modification procedure. The MS may have deactivated one or more of its activated PDP context locally while it was out of coverage. The synchronisation between MS and network concerning the status of the PDP contexts is triggered during the RAU procedure by inserting the PDP Context Status information in the RAU-Request (see 24.008).

4 Status in Standardisation

This feature was discussed in SA2 meeting 31# and SA2 approved a CR to 23.060 ([1], see ANNEX B) to introduce the preservation feature for realtime bearers in A/Gb mode and SA2 informed GERAN WG2 in LS [3] about the modifications made in TS 23.060. As a consequence the CN part of the preservation feature is standardised.   

Further standardisation work is required in GERAN WG2 in order to capture modifications in the MS and the radio access network. Discussions in GERAN are ongoing. A modification in TS 44.060 is required in order to have consistent preservation status in MS and in BSS, which is also required for proper recovery from that condition. A concept paper [5] and the corresponding CRs [2], [4] have been submitted to GERAN#16. 

GERAN should send a response to the LS [3] from SA2 to inform SA2 about the discussions and the outcome in GERAN#16 Meeting.

5 Summary

It is proposed to align Iu mode and A/Gb mode as far as the preservation procedure for realtime PDP contexts is concerned. The triggers for the preservation in A/Gb mode are different to that of Iu mode. Only the following events trigger preservation:

· Suspend procedure as defined in 48.018

· RADIO STATUS PDU (Radio cause “Radio contact lost with MS” or “Radio link quality insufficient to continue communication" only)

The preservation is either reversed via a MS initiated PDP context modification or the preserved contexts are deactivated locally. 

In case the preservation feature will not be introduced for Rel 5 the charging issue for streaming services in Rel-5 is not solved (different charging tickets in the SGSN and GGSN) and streaming services in Rel 5 can not be introduced in commercial networks. Furthermore, intersystem change and preservation for streaming/conversational will not interoperate.
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The 23.060 sections 9.2.3.4 and 9.2.3.5 describe the trigger for the PDP context preservation procedure in Iu mode.

9.2.3.4
RNC-Initiated PDP Context Modification Procedure
The RNC can request the release of the Iu connection (see clause "Iu Release Procedure") e.g. due to a break of the radio connection or due to user inactivity. After Iu Release the PDP contexts are modified as follows:

-
In the SGSN, for a PDP context using background or interactive traffic class, the PDP context is preserved with no modifications.

-
In the SGSN, for a PDP context using streaming or conversational traffic class, the PDP context is preserved, but the maximum bit rate is downgraded to 0 kbit/s (for both uplink and downlink) when the associated RAB is released. The SGSN sends an Update PDP Context Request (TEID, QoS Negotiated) message to the GGSN to set the maximum bit rate to 0 kbit/s in the GGSN. The value of 0 kbit/s for the maximum bit rate indicates to the GGSN to stop sending packets to the SGSN for this PDP context. The value of 0 kbit/s for the maximum bit rate for both uplink and downlink indicates to the SGSN that a RAB shall not be re-established for this PDP Context in subsequent Service Request Procedure. CAMEL procedure calls shall be performed, see referenced procedure in 3G TS 23.078: CAMEL_GPRS_Change_Of_QoS. The procedure returns as result "Continue".
The following procedures shall be performed in the MS when radio coverage is lost:

-
For a PDP context using background or interactive traffic class, the PDP context is preserved even if RRC re-establishment procedures have failed.

-
For a PDP context using streaming or conversational traffic class, the PDP context is preserved, but the maximum bit rate is downgraded to 0 kbit/s (for both uplink and downlink) when the RRC re-establishment procedure has failed. After coverage is regained and if the MS did not deactivate the PDP Context locally the MS should start MS-initiated PDP Context Modification procedure or the PDP Context Deactivation procedure. The MS shall use the PDP Context Modification procedure to re-activate the PDP context and re-establish the RAB. 

9.2.3.5
RAB Release-Initiated Local PDP Context Modification Procedure
The RNC can request a RAB to be released through the RAB Release procedure without releasing the Iu connection. 

After the RAB(s) release the SGSN shall modify the PDP context as follows:

-
In the SGSN, for a PDP context using background or interactive traffic class, the PDP context is preserved with no modifications.

-
In the SGSN, for a PDP context using streaming or conversational traffic class, the PDP context is preserved, but the maximum bit rate is downgraded to 0 kbit/s (both for uplink and downlink) when the associated RAB is released. The SGSN sends an Update PDP Context Request (TEID, QoS Negotiated) message to the GGSN to set the maximum bit rate to 0 kbit/s in the GGSN. The value of 0 kbit/s for the maximum bit rate indicates to the GGSN to stop sending downlink packets corresponding to this PDP context. The value of 0 kbit/s for the maximum bit rate for both uplink and downlink indicates to the SGSN that a RAB shall not be re-established for this PDP Context in subsequent Service Request Procedure. CAMEL procedure calls shall be performed, see referenced procedure in 3G TS 23.078: CAMEL_GPRS_Change_Of_QoS. The procedure returns as result "Continue".

The following procedures shall be performed in the MS when the RRC layer indicate to higher layer that a RAB has been released and the RAB release was not initiated due to a PDP Context Deactivation Procedure:

-
For a PDP context using background or interactive traffic class, the PDP context is be preserved with no modifications. 

-
For a PDP context using streaming or conversational traffic class, the PDP context is preserved, but the maximum bit rate is downgraded to 0 kbit/s (for both uplink and downlink). 

At this point or at a later stage, the MS may start a PDP Context Deactivation procedure or PDP Context Modification procedure. The MS shall use the PDP context modification procedure to re-activate the PDP context and to re-establish the RAB.

These are the modified sections of TS 23.060, which were agreed by SA2 meeting 31#, the CR is in document [1].

************First Modified Section ****************

6.1.1.1 9.2.3.4
RNC-Initiated PDP Context Modification Procedure

The RNC can request the release of the Iu connection (see clause "Iu Release Procedure") e.g. due to a break of the radio connection or due to user inactivity. The BSS may terminate the downlink data transfer to a MS by the Suspend procedure (which is triggered by the MS) or by the Radio Status procedure with cause "Radio contact lost with MS" or "Radio link quality insufficient to continue communication" both defined in GSM 08.18 [21].  After Iu Release in Iu mode, or after termination of the downlink data transfer in A/Gb mode, the PDP contexts are modified as follows:

-
In the SGSN, for a PDP context using background or interactive traffic class, the PDP context is preserved with no modifications.

-
In the SGSN, for a PDP context using streaming or conversational traffic class, the PDP context is preserved, but the maximum bit rate is downgraded to 0 kbit/s (for both uplink and downlink). The SGSN sends an Update PDP Context Request (TEID, QoS Negotiated) message to the GGSN to set the maximum bit rate to 0 kbit/s in the GGSN. The value of 0 kbit/s for the maximum bit rate indicates to the GGSN to stop sending packets to the SGSN for this PDP context. For the Iu mode the value of 0 kbit/s for the maximum bit rate for both uplink and downlink indicates to the SGSN that a RAB shall not be re-established for this PDP Context in subsequent Service Request Procedure. For the A/Gb mode the value of 0 kbit/s for the maximum bit rate for both uplink and downlink indicates that the SGSN shall not send any downlink data for this PDP Context. In Iu and A/Gb mode CAMEL procedure calls shall be performed, see referenced procedure in 3G TS 23.078: CAMEL_GPRS_Change_Of_QoS. The procedure returns as result "Continue".
In Iu mode the following procedures shall be performed in the MS when radio coverage is lost:

-
For a PDP context using background or interactive traffic class, the PDP context is preserved even if RRC re-establishment procedures have failed.

· For a PDP context using streaming or conversational traffic class, the PDP context is preserved, but the maximum bit rate is downgraded to 0 kbit/s (for both uplink and downlink) when the RRC re-establishment procedure has failed. After coverage is regained and if the MS did not deactivate the PDP Context locally the MS should start MS initiated PDP Context Modification procedure or the PDP Context Deactivation procedure. The MS shall use the PDP Context Modification procedure to re-activate the PDP context and re-establish the RAB 
In A/Gb mode the following procedures shall be performed in the MS when radio coverage is lost, when the radio link quality is insufficient or when the MS suspends GPRS:

-
For a PDP context using background or interactive traffic class, the PDP context is preserved.

-
For a PDP context using streaming or conversational traffic class, the PDP context is preserved, but the maximum bit rate is downgraded to 0 kbit/s (for both uplink and downlink). After coverage or radio link quality is regained or when GPRS services shall resume and if the MS did not deactivate the PDP Context locally the MS should start MS initiated PDP Context Modification procedure or the PDP Context Deactivation procedure. The MS shall use the PDP Context Modification procedure to re-activate the PDP context.

**********Second Modified Section ****************

16.2.1.1 Suspend and Resume procedure (A/Gb mode)

In the following procedures, when a suspended MS is resumed, the MS should either deactivate the PDP context of streaming or conversational traffic class, or the MS should modify the PDP context of streaming or conversational traffic class to reset the maximum bit rate to a proper value (see clause “RNC/BSS-Initiated PDP Context Modification Procedure”).
� In case of remaining secondary PDP contexts (primary PDP context was locally deleted) without a TFT, the differentiation in the GGSN between the primary and secondary PDP context doesn’t work. As a consequence a received real-time PDP PDU is possibly associated to a non real-time context and thus the QoS doesn’t fit then.


� The discarded data due to lifetime expiry are not charged in the SGSN. 


� Different charging tickets are provided in the SGSN and GGSN. This may cause a problem in case the SGSN and the GGSN are in different networks or charging only takes GGSN generated charging data records into account (pre-paid solutions based on GGSN).
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