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1
Introduction

This paper provides a first attempt at a CR to the PDP Context Activation Procedure in v7.6.0 of 23.060 to update this procedure for SAE/LTE.
Several ‘editorial’, ‘style’ and ‘technical’ issues became apparent while drafting these changes. Resolution of these issues seems necessary before producing text changes to the rest of 23.060.

Note: some of the new diagrams/text are from offline work with other companies. 
2
Issues

2.1 
mandatory logical S-GW

In line with what the author believes was agreed in the last SA2 meeting, this CR shows the S-GW as always being present in the signalling flows.

A note has been added to try and explain that this specification does not force operators/vendors to actually implement a standalone S-GW. 

This note should be expanded and moved to a more universally applicable section of 23.060.

2.2

introduction of PCRF to the flows
Hopefully this is agreeable. The absence of the GGSN’s RADIUS interface from earlier versions of 03.60/23.060 has led to difficulties in the links between SA2 and CT3.

2.3

S-GW/P-GW selection rules

It seems to make sense to refer to 23.401 for these rules. Does this imply that 23.060 Annex A should get deleted? Probably not, because part of 23.401 refers back to 23.060 annex A. However these cross references need to be checked.

2.4

PMIP based S5/S8
The signalling between P–GW and S-GW is covered with “Grey Boxes” with a note to indicate that these are specified in 23.402. 
This probably requires extra work in 23.402 and may require the S9 interface to carry extra information (e.g. for the P-GW to command the SGSN to not use 2G data compression).

2.5

QoS model for 3G in Release 8
This CR has attempted to keep the 2G/3G signalling on S5/S8 as common as possible with that in SAE/LTE.

This results in some reasonably big changes to 23.060, e.g. it seems to result in the assumption that all secondary PDP contexts are network initiated; that the QCI/label mechanisms are used in place of the ‘multiple QoS attributes’ from UE/SGSN; etc, etc

Additionally it might imply that 23.060’s mobile initiated secondary PDP context activation procedures should be replaced by the 23.401 “UE requested bearer resource allocation” procedure. Obviously this would impact the existing mobile signalling specification, and hence needs to be considered carefully.
QoS related changes are highlighted in green in the text below.
2.6

Trace
Existing trace capabilities should be maintained. However, there would be some sense in extending its control signalling it to provide independent control of S-GW and P-GW trace. Whether further functional extension to permit “PCRF trace” is needed is unclear.
2.7

“two tunnel mode”
It is useful to have a phrase to denote an SGSN that is not using Direct Tunnel for a particular PDP context.

2.8

other issues
All changes in the text below should be revision marked, and, some more noteworthy ones are highlighted in yellow.
Some changes are merely where text has been moved up/down the section.

Many of the long paragraphs in 23.060 have been split into multiple paragraphs to help readability (at least of this CR).

3
Proposal
a) discuss and resolve each of the above issues.
b) update the text below and then agree the CR to 23.060.

************** start of modified text from 23.060 v7.6.0 ****************************

9.2.2
Activation Procedures

9.2.2.1
PDP Context Activation Procedure

The PDP Context Activation procedure is illustrated in Figure 63 and Figure 64.
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Figure 63: PDP Context Activation Procedure for A/Gb mode
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Figure 64: PDP Context Activation Procedure for Iu mode
Note: this description shows the S-GW separate from both the SGSN and P-GW. Co-location of the SGSN and S-GW is possible, in which case the system resembles a pre release 8 system that does not use Direct Tunnel functionality. Co-location of the S-GW and P-GW is possible, in which case the system resembles a release 7 system using the Direct Tunnel feature.
NOTE 1:
For a PMIP-based S5/S8, procedure steps (A) and (B) are defined in TS 23.402 [2]. Steps 5, 7 and 12 concern GTP based S5/S8
1)
The MS sends an Activate PDP Context Request (NSAPI, TI, PDP Type, PDP Address, Access Point Name, QoS Requested, Protocol Configuration Options) message to the SGSN. The MS shall use PDP Address to indicate whether it requires the use of a static PDP address or whether it requires the use of a dynamic PDP address. The MS shall leave PDP Address empty to request a dynamic PDP address. The MS may use Access Point Name to select a reference point to a certain packet data network and/or to select a service. Access Point Name is a logical name referring to the packet data network and/or to a service that the subscriber wishes to connect to. QoS Requested indicates the desired QoS profile. Protocol Configuration Options is used to transfer the NRSU to the GGSN and may be used to transfer the BCM as well as optional PDP parameters and/or request to the GGSN (see GSM 29.060 [26] and 24.229 [75]). Protocol Configuration Options is sent transparently through the SGSN. NRSU indicates MS support of the network requested bearer control. The BCM parameter may be included by the MS to indicate the preferred Bearer Control Mode applicable to all PDP Contexts within the activated PDP Address/APN pair.

If the SGSN has stored a value for the Maximum APN restriction and the value indicates the most restrictive type, then the SGSN shall reject any Activate PDP Context requests to a different APN, using the PDP Context Activation Reject message including an appropriate error cause.

If the SGSN decides to establish Direct Tunnel between RNC and S-GW, the SGSN provides to the RNC the Direct Tunnel specific parameters in step 9 "RAB Assignment Procedure" and shall initiate Update Bearer procedure in step 13 to update IP Address and TEID for Downlink data.

2)
In A/Gb mode, security functions may be executed. These procedures are defined in clause "Security Function".

3)
In A/Gb mode and if BSS trace is activated, the SGSN shall send an Invoke Trace (Trace Reference, Trace Type, Trigger Id, OMC Identity) message to the BSS. Trace Reference, and Trace Type are copied from the trace information received from the HLR or OMC.

4)
The SGSN validates the Activate PDP Context Request using PDP Type (optional), PDP Address (optional), and Access Point Name (optional) provided by the MS and the PDP context subscription records. The validation criteria, the APN selection criteria, and the mapping from APN to an S-GW and P-GW are described in clauses 4.3.8.1 and 4.3.8.2 of TS 23.401[x]. 

If no P-GW (or S-GW?) address can be derived or if the SGSN has determined that the Activate PDP Context Request is not valid according to the rules described in annex A, the SGSN rejects the PDP context activation request.


If a P-GW address can be derived, the SGSN creates a TEID for the requested PDP context. If the MS requests a dynamic address, the SGSN lets the P-GW allocate the dynamic address. 
The SGSN will perform a QoS mapping to transfer the received QoS Requested from the MS into QCI based QoS profile, and put this transferred QoS into the field of Default Bearer QoS. The SGSN may restrict the requested QoS attributes given its capabilities and the current load, and it shall restrict the requested QoS attributes according to the subscribed QoS profile. The AMBR applied to the relevant PDN access is also provided in this message.

The SGSN sends a Create Default Bearer Request (PDP Type, PDP Address, Access Point Name, P-GW address, IMSI, MME Context ID, Default Bearer QoS, PDN Address Allocation, AMBR, EPS Bearer Id, SGSN Address for the user plane, SGSN TEID of the user plane, SGSN TEID of the control plane, MSISDN, Selection Mode, Charging Characteristics, Trace Reference, Trace Type, Trigger Id, OMC Identity, Protocol Configuration Options, , Maximum APN Restriction, IMEISV, CGI/SAI, RAT type, S-CDR CAMEL information, CGI/SAI/RAI change support indication,) message to the S-GW. 

In “two tunnel mode”, the SGSN shall allocate the SGSN Address for the user plane and SGSN TEID of the user plane. In Direct Tunnel mode, these two information elements shall be excluded.
The RAT type is provided in this message for the later PCC decision. 
The SGSN puts NSAPI received from the MS in the field of EPS Bearer Identity. 
Protocol Configuration Options (PCO) are used to transfer parameters between the MS and the PDN GW, and are sent transparently through the SGSN and the Serving GW.
The SGSN shall send the serving network identity to the S-GW and P-GW within the CGI/SAI information. (* so the serving network identity does not need to be included *)
Access Point Name shall be the APN Network Identifier of the APN selected according to the procedure described in Annex A. PDP Address shall be empty if a dynamic address is requested. 
The P-GW may use Access Point Name to find a packet data network and optionally to activate a service for this APN. 
Selection Mode indicates whether a subscribed APN was selected, or whether a non-subscribed APN sent by an MS or a non-subscribed APN chosen by the SGSN was selected. Selection Mode is set according to Annex A. 
The GGSN may use Selection Mode when deciding whether to accept or reject the PDP context activation. For example, if an APN requires subscription, the GGSN is configured to accept only the PDP context activation that requests a subscribed APN as indicated by the SGSN with Selection Mode. 
Charging Characteristics indicates which kind of charging the PDP context is liable for. The charging characteristics on the GPRS subscription and individually subscribed APNs as well as the way the SGSN handles Charging Characteristics and chooses to send them or not to the GGSN is defined in TS 32.215 [70]. 
The SGSN shall include Trace Reference, Trace Type, Trigger Id, and OMC Identity if S-GW and/or P-GW trace is activated. The SGSN shall copy Trace Reference, Trace Type, and OMC Identity from the trace information received from the HLR or OMC. Trace Type indicates whether S-GW and/or P-GW trace is activated.
5) 
The Serving GW creates a new entry in its EPS Bearer table and generates a charging ID. The new entry allows the S-GW to route PDP PDUs between the P-GW and the Iu mode RNC, or, “two tunnel” mode SGSN, and to start charging. 
The S-GW sends a Create Default Bearer Request (Serving GW Address for the user plane, Serving GW TEID of the user plane, Serving GW TEID of the control plane, PDP Type, PDP Address, Access Point Name, RAT type, Default Bearer QoS, PDN Address Allocation, AMBR, Bearer Id, Protocol Configuration Options, MSISDN, Selection Mode, Charging Characteristics, Trace Reference, Trace Type, Trigger Id, OMC Identity, Protocol Configuration Options, Maximum APN Restriction, IMEISV, CGI/SAI, RAT type, S-CDR CAMEL information, CGI/SAI/RAI change support indication,) message to the PDN GW. 
    After this step, if the S-GW received the “SGSN Address for the user plane and SGSN TEID of the user plane, the S-GW forwards downlink packets to that address, otherwise, the Serving GW buffers any downlink packets it may receive from the PDN GW until receives the message in step 13 below.

The way the S-GW handles Charging Characteristics that it may have received from the SGSN is defined in TS 32.215 [70].

Trace Type indicates whether S-GW and/or P-GW trace is activated. The S-GW shall forward these parameters to the P-GW if, and only if, P-GW trace is activated. 

6)
The PDN GW creates a new entry in its EPS Bearer table and generates a Charging Id. The new entry allows the GGSN to route PDP PDUs between the S-GW and the packet data network, and to start charging. 
If QoS Negotiated received from the SGSN (via the S-GW) is incompatible with the PDP context being activated, the P-GW rejects the Create PDP Context Request message. The P-GW operator configures the compatible QoS profiles.
The Maximum APN Restriction denotes the most stringent restriction as required by any already active PDP contexts. If there are no already active PDP contexts, this value is set to the least restrictive type (see clause 15.4). If the P-GW receives the Maximum APN Restriction, then the P-GW shall check if the Maximum APN Restriction value does not conflict with the APN Restriction value associated with this PDP context request. If there is no conflict the request shall be allowed, otherwise the request shall be rejected with the SGSN sending a PDP Context Activation Reject Message to the MS including an appropriate error cause. 

Editor’s note With QCI/label based QoS, it seems we should mandate that rel 8 SGSNs support NRS ? We need to resolve how QoS is handled for “release 8 with legacy RATs”

. The way the P-GW handles Charging Characteristics that it may have received from the SGSN (via the S-GW) is defined in TS 32.215 [70]. 
The PDN GW may interact with the PCRF to get the default PCC rules for the MS if PCRF is applied in the network.
The RAT type, CGI/SAI/RAI, IMEISV, MSISDN, IMSI is provided to the PCRF by the PDN GW if received from the S-GW. If the PDN GW/PCEF is configured to activate predefined PCC rules for the default bearer, the interaction with the PCRF is not required (e.g. operator may configure to do this) at the moment.

Editor's note: It is FFS which kind of information will be provided by the PCRF. 

7)
The P-GW may restrict QoS Negotiated given its capabilities and the current load or increase the QoS Negotiated based on any external input (e.g. policy control). The PDN GW returns a Create Default Bearer Response (PDN GW Address for the user plane, PDN GW TEID of the user plane, PDN GW TEID of the control plane, PDN Address Information, EPS Bearer Id, Protocol Configuration Options, QoS Negotiated, Charging Id, Prohibit Payload Compression, APN Restriction, Cause, CGI/SAI/RAI change report required) message to the Serving GW. 
PDN Address Information is included if the PDN GW allocated a PDN address based on PDN Address Allocation received in the Create Default Bearer Request. PDN Address Information contains an IPv4 address for IPv4 and/or an IPv6 prefix and an Interface Identifier for IPv6. The PDN GW takes into account the MS IP version capability indicated in the PDN Address Allocation and the policies of operator when the PDN GW allocates the PDN Address Information) message to the S-GW.
.


When it receives this message, the S-GW updates its EPS bearer context.
8)
The S-GW returns a Create Default Bearer Response (S-GW Address for the user plane, S-GW TEID of the user plane, S-GW TEID of the control plane, PDN Address Information, EPS Bearer Id, Protocol Configuration Options, QoS Negotiated, Charging Id, Prohibit Payload Compression, APN Restriction, Cause, CGI/SAI/RAI change report required) message to the SGSN. 
The Prohibit Payload Compression indicates that the SGSN should negotiate no data compression for this PDP context. 
PDP Address is included if the P-GW allocated a PDP address. If the P-GW has been configured by the operator to use External PDN Address Allocation for the requested APN, PDP Address shall be set to 0.0.0.0, indicating that the PDP address shall be negotiated by the MS with the external PDN after completion of the PDP Context Activation procedure. The P-GW and S-GW (?) shall relay, modify and monitor these negotiations as long as the PDP context is in ACTIVE state, and use the P-GW-Initiated PDP Context Modification procedure to transfer the currently used PDP address to the SGSN and the MS. (is this last sentence correct ?)
Protocol Configuration Options contains optional PDP parameters that the P-GW may transfer to the MS.  These optional PDP parameters may be requested by the MS in the Activate PDP Context Request message, or may be sent unsolicited by the P-GW. Protocol Configuration Options is sent transparently through the S-GW and SGSN. The Create PDP Context messages are sent over the backbone network.



If an APN Restriction is received from the P-GW for this PDP Context, then the SGSN shall store this value for the PDP Context and the SGSN shall check this received value with the stored value for the Maximum APN Restriction to ensure there are no conflicts between values. If the consequence of this check results in the PDP context being rejected, the SGSN shall initiate a PDP Context Deactivation and return an appropriate error cause. If the PDP Context is accepted, it shall determine a (new) value for the Maximum APN Restriction. If there is no previously stored value for Maximum APN Restriction, then the Maximum APN Restriction shall be set to the value of the received APN Restriction.


If the CGI/SAI/RAI change report required is received from the P-GW for this PDP context, then the SGSN shall store this for the PDP context and the SGSN shall report to that P-GW (via the S-GW) whenever a CGI/SAI/RAI change occurs that meets the P-GW request, as described in clause 15.1.1a.


.

The SGSN shall re-verify the QoS Negotiated received in the response from the GGSN against the subscribed QoS profile and shall either accept it or reject the PDP context request.
9)
In Iu mode, RAB setup is done by the RAB Assignment procedure, see subclause "RAB Assignment Procedure".

10)
In Iu mode and if BSS trace is activated, the SGSN shall send an Invoke Trace (Trace Reference, Trace Type, Trigger Id, OMC Identity) message to the RAN. Trace Reference, and Trace Type are copied from the trace information received from the HLR or OMC.

NOTE:
Step 10 is applied when the trace activation is triggered by means of signalling. Another alternative is the triggering of trace activation by the OMC. The details of both Trace Activation procedures are described in TS 32.422 [84].

11)
In A/Gb mode, BSS packet flow context procedures may be executed. These procedures are defined in clause "BSS Context".

12)
In case the QoS attributes, used as input to step 9 for Iu mode or step 11 for A/Gb mode, have been downgraded during those steps, the SGSN may(*? Shall ?*) inform the P-GW (via the S-GW) about the downgraded QoS attributes by sending an Update Bearer Request to the affected P-GW. The P-GW shall not attempt to renegotiate the QoS attributes. The No QoS negotiation indication is set in Update PDP Context Request to indicate to the P-GW that the SGSN does not upgrade the previously negotiated QoS attributes and that the P-GW shall accept the provided QoS attributes without negotiation. The P-GW confirms the new QoS attributes by sending an Update Bearer Response to the SGSN (via the S-GW). 
13)
If the SGSN decides to establish Direct Tunnel between RNC and Serving GW, the SGSN provides the Direct Tunnel specific parameters to the Serving GW by sending an Update Bearer Request (RNC's Address for User Plane, TEID for downlink data, No QoS negotiation indication) message to the Serving GW. The Serving GW acknowledges by sending Update Bearer Response to the SGSN.
14)
The SGSN inserts the NSAPI along with the S-GW and P-GW addresses in its PDP context. If the MS has requested a dynamic address, the PDP address received from the P-GW is inserted in the PDP context. The SGSN selects Radio Priority and Packet Flow Id based on QoS Negotiated, and returns an Activate PDP Context Accept (PDP Type, PDP Address, TI, QoS Negotiated, Radio Priority, Packet Flow Id, Protocol Configuration Options) message to the MS. If the MS indicated in the MS Network Capability it does not support BSS packet flow procedures, then the SGSN shall not include the Packet Flow Id. In A/Gb mode, the QoS Negotiated shall take into account the Aggregate BSS QoS Profile, if any, returned from the BSS. Protocol Configuration Options are used to transfer the BCM to the UE and may be used to transfer optional PDP parameters to the UE (see GSM 29.060 [26] and 24.229 [75]). Protocol Configuration Options is sent transparently through the SGSN. 
In “two tunnel mode”, the SGSN is now able to route PDP PDUs between the S-GW and the MS, and to start charging.


If the MS is incapable of accepting the new QoS Negotiated, the MS should initiate application level signalling to lower the QoS requirements for the concerned application(s). If this is not possible then the MS shall instead de-activate the PDP context with the PDP Context Deactivation Initiated by the MS procedure.

For each PDP Address a different quality of service (QoS) profile may be requested. For example, some PDP addresses may be associated with E‑mail that can tolerate lengthy response times. Other applications cannot tolerate delay and demand a very high level of throughput, interactive applications being one example. These different requirements are reflected in the QoS profile. The QoS profile is defined in clause "Quality of Service Profile". If a QoS requirement is beyond the capabilities of a PLMN, the PLMN negotiates the QoS profile as close as possible to the requested QoS profile. The MS either accepts the negotiated QoS profile, or deactivates the PDP context.

After an SGSN has successfully updated the S-GW and P-GW, the PDP contexts associated with an MS is distributed as shown in clause "Information Storage".

If the PDP Context Activation Procedure fails or if the SGSN returns an Activate PDP Context Reject (Cause, Protocol Configuration Options) message, the MS may attempt another activation to the same APN up to a maximum number of attempts.

The CAMEL procedure calls shall be performed, see referenced procedures in TS 23.078 [8b]:

C1)
CAMEL_GPRS_PDP_Context_Establishment.

In Figure 63 and Figure 64, procedures return as result "Continue".

C2)
CAMEL_GPRS_PDP_Context_Establishment_Acknowledgement.

In Figure 63 and Figure 64, procedures return as result "Continue".
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4. Create PDP Context Request
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7. BSS Packet Flow Context Procedures
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8. Update PDP Context 
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8. Update PDP Context Response







 












