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Introduction

PDP context preservation is an R99 function and well understood.  However some issues still remain especially in the context of relocation that involves RAN.   But the discussion also extends to the other contexts where RABs are re-established. 

PDP contexts can be preserved on request from the RAN for various reasons.  This is typically done using RANAP RAB release Request.  When the RB is released, the UE preserves the PDP context.  From 23.060 section 

9.2.3.5 “RAB Release-Initiated Local PDP Context Modification Procedure”:
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. 

It is thus possible to release individual RABs while maintaining others.

RABs can potentially be established due to:

1) SRNC Relocation

2) When a new PDP context is established

3) When there is downlink data to send on a PDP context that is preserved

4) When there is uplink data to send on a PDP context that is preserved

These are discussed further in this contribution.  A potential CR to 23.060 is also attached for discussion and information.

Discussion

In the discussion below, we consider each of the cases listed above.

SRNC Relocation:  
Consider the case of relocation when there is at least one PDP Context that is preserved and two SGSNs are involved.  The target SGSN is not aware of which PDP contexts are preserved or of the type of relocation (UE involved or not involved) since it is not carried over GTP between the SGSNs and there are no IEs in the Forward Relocation Request message (29.060).  So the target SGSN must include the full RAB list in the RANAP Relocation Request to the target RNC.  However, the RNC behaviour is left to implementation and the RNC may or may not accept all the RABs (see extract x below).  Subsequent SGSN behaviour is also left to implementation (see extract x2 below in the context of RAB re-establishment) in that the SGSN may do nothing or execute an SM procedure to modify or deactivate the RABs.

For the relocation types of “UE not involved” and “Cell update triggered SRNC relocation”, the RNC must perform additional RB setup outside of the UTRAN mobility information and Cell Update confirm if it decided to establish the RBs.   The UE behaviour for these scenarios is not clearly specified.   Should thesetup be done before the UTRAN mobility information and Cell Update confirm or after?

Nor is it clear what the UE would do if the network did not establish the preserved RABs during the relocation.  Indeed there is little motivation to establish these RABs and not establishing them would remove the above mentioned issues.  But it does introduce another issue: Would the UE continue to preserve these PDP contexts?  A natural assumption is yes since this is behaviour has least impact on the end application compared to for example de-activating the PDP context.

New PDP context activation and downlink data transfer: 

23.060 says that (see extract x3 below) that whenever a RAB is to be established, all RABs must be established.   However, again the UE behaviour for the case where the network does not establish all the RABs is unspecified.  This can happen if the RNC rejects a subset of the RABs.  Would the UE continue to preserve these PDP contexts?  A natural assumption is yes since this is behaviour has least impact on the end application compared to for example de-activating the PDP context.

If that is so, one can argue why the SGSN should send the full RAB list in the first place.  Indeed, by sending only the relevant RABs (for example the one that has data) to the RNC, one can avoid unnecessary set up of the wrong RAB.

Uplink data transfer:

For this scenario, the UE sends a Service Request procedure.  There is no provision for the UE to indicate which RAB it wants to set up and normally, the expectation is that all the RABs will be re-established.  However, if the network cannot establish all the RABs, the subsequent SGSN behaviour is left to implementation (see extract x2 below) in that the SGSN may do nothing or execute an SM procedure to modify or deactivate the RABs.  Again, the UE behaviour for the case where the network does not establish all or a subset of the RABs is unspecified.  Would the UE continue to preserve these PDP contexts?  A natural assumption is yes since this is behaviour has least impact on the end application compared to for example de-activating the PDP context.

However, this does require that the UE is allowed to re-send the Service Request message again if it has data to send on the RAB after a certain time period (current timer value specified is in 24.008 Table x for timer T3410 is 10s).

Conclusion and proposal

It is hence proposed to specify a UE behaviour that the UE should continue to maintain the PDP contexts preserved for the cases where the network did not establish the full set of RABs for the preserved PDP contexts.  This is the least disruptive behaviour for the UE.

A draft CR to 23.060 to reflect this is included with this zip file for information.  No changes to any of the RAN specs are expected.  Comments are solicited from RAN groups on the proposal.

Extracts from specifications:

Extract from 25.413 § 8.7.2 Relocation Resource Allocation

If the Relocation Type IE is set to "UE involved in relocation of SRNS":

-
The target RNC may accept a requested RAB only if the RAB can be supported by the target RNC.
-
Other RABs shall be rejected by the target RNC in the RELOCATION REQUEST ACKNOWLEDGE message with an appropriate value in the Cause IE, e.g. "Unable to Establish During Relocation".

-
The target RNC shall include information adapted to the resulting RAB configuration in the target to source RNC transparent container to be included in the RELOCATION REQUEST ACKNOWLEDGE message sent to the CN. If the target RNC supports triggering of the Relocation Detect procedure via the Iur interface, the RNC shall assign a d-RNTI for the context of the relocation and include it in the container. If two CNs are involved in the relocation of SRNS, the target RNC may, however, decide to send the container to only one CN.
-
If any alternative RAB parameter values have been used when allocating the resources, these RAB parameter values shall be included in the RELOCATION REQUEST ACKNOWLEDGE message within the Assigned RAB Parameter Values IE.
If the Relocation Type IE is set to "UE not involved in relocation of SRNS":

-
The target RNC may accept a RAB only if the radio bearer(s) for the RAB either exist(s) already and can be used for the RAB by the target RNC, or do(es) not exist before the relocation but can be established in order to support the RAB in the target RNC.
-
If existing radio bearers are not related to any RAB that is accepted by the target RNC, the radio bearers shall be ignored during the relocation of SRNS and the radio bearers shall be released by the radio interface protocols after completion of relocation of SRNS.
-
If any alternative RAB parameter values have been used when allocating the resources, these RAB parameter values shall be included in the RELOCATION REQUEST ACKNOWLEDGE message within the Assigned RAB Parameter Values IE. It should be noted that the usage of alternative RAB parameter values is not applicable to the UTRAN initiated relocation of type "UE not involved in relocation of SRNS".

After all necessary resources for accepted RABs including the initialised Iu user plane, are successfully allocated, the target RNC shall send a RELOCATION REQUEST ACKNOWLEDGE message to the CN.

23.060 9.2 PDP Context Activation, Modification, Deactivation, and Preservation Functions:
By sending a RAB Release Request or Iu Release Request message to the SGSN, the RAN initiates the release of one or more RABs. The preservation function allows the active PDP contexts associated with the released RABs to be preserved without modification in the CN, and the RABs can then be re-established at a later stage.
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 (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 on 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.

9.2.5
Preservation Procedures
By sending a RAB Release Request or Iu Release Request message to the SGSN, an Iu mode RAN initiates the release of one or more RABs. The preservation procedure allows the active PDP contexts associated with the released RABs to be preserved without modification in the CN, and the RABs can then be re-established at a later stage.

An Iu mode RAN uses the Iu Release Request to request release of all RABs of an MS, and the RAB Release Request in other cases.

9.2.5.2
Re-establishment of RABs

The procedure for re-establishment of RABs allows the SGSN to re-establish RABs for active PDP contexts that don't have an associated RAB.

The MS initiates the re-establishment of RABs by using the Service Request (Service Type = Data) message. This is described in the sub-clause "MS Initiated Service Request Procedure". SGSN shall not establish RABs for PDP contexts with maximum bit rate for uplink and downlink of 0 kbit/s. For these PDP contexts, the MS shall perform a MS-initiated PDP Context Modification or Deactivation procedure.

When RABs for an MS that has no RRC connection needs to be re-established, the CN must first page the MS. The clause "Network Initiated Service Request Procedure" describes this.

4.7.13.6
Abnormal cases on the network side

f)
If the Service Type indicates ‘data’ and the network fails to re-establish some or all RAB(s) then the SGSN may determines if PDP Context Modification or PDP Context Deactivation should be initiated.

The appropriate action depends on the QoS profile of the PDP Context and is an operator choice.
12.7.4
RAB Assignment Procedure

The purpose of the RAB Assignment procedure is to enable establishment of new RABs for a given MS and/or modification and/or release of already established RABs. When this procedure is executed and if there is any PDP context without radio access bearer assigned, all the radio access bearer are re-established, except the ones having maximum bit rates of 0 kbit/s for uplink and downlink. The same messages are used for the three mentioned actions and it is only the content carried by the messages that is different. The RAB Assignment procedure, which is shown below, is specified in 3GPP TS 25.413. The RRC protocol is specified in 3GPP TS 25.331.

Extracts from TS 24.008

4.7.13
Service Request procedure (UMTS only)

b)
the MS, either in PMM-IDLE or PMM-CONNECTED mode, has pending user data to be sent and no radio access bearer is established for the corresponding PDP context. The procedure is initiated by an indication from the lower layers (see 3GPP TS 24.007 [20]). In this case, the service type shall be set to "data". If in PMM-CONNECTED mode, a Service Request with service type "data" was already accepted by the network the MS shall not issue a second Service Request with service type "data" unless the PMM-IDLE state is entered again.

4.7.13.3
Service request procedure accepted by the network

If the SERVICE REQUEST message was sent in PMM-IDLE mode, the indication from the lower layers that the security mode control procedure is completed shall be treated as a successful completion of the procedure. The timer T3317 shall be stopped, and the MS enters GMM-REGISTERED state and PMM-CONNECTED mode. 

If the SERVICE REQUEST message was sent in PMM-CONNECTED mode, then the reception of the SERVICE ACCEPT message shall be treated as a successful completion of the procedure. The timer T3317 shall be stopped and the MS remains in PMM-CONNECTED mode.

4.7.13.6
Abnormal cases on the network side

f)
If the Service Type indicates ‘data’ and the network fails to re-establish some or all RAB(s) then the SGSN may determines if PDP Context Modification or PDP Context Deactivation should be initiated.

The appropriate action depends on the QoS profile of the PDP Context and is an operator choice.
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