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Abstract of the contribution: This document presents the overall CR architecture and the interface between IMS and the EPC to allow Paging Policy Differentiation for IMS Voice
Recall of the need of the feature

Operators can apply different paging policies (e.g., paging area, paging retransmission strategy, paging priority) for services carried over different EPS bearers. But voice over E-UTRAN and the other services (e.g. SMS and other non-voice over E-UTRAN services) share the same paging policy as they are using the same signalling bearer.
Voice over E-UTRAN calls typically require a more aggressive paging profile (e.g., due to user awareness of the call setup time) than other non-voice over E-UTRAN services.  The current constraint of differentiating paging policy based on bearer type results in applying the same aggressive paging policy for all services using the IMS signalling bearer, regardless of whether these services correspond to voice over E-UTRAN or not and thus contributes to an undesirable increase of the paging load for non-voice over E-UTRAN services.  When termination attempts for non-voice over E-UTRAN services occurs at a rate of 2 to 3 times that of termination attempts for voice over E-UTRAN services, a significant savings of radio resources can be achieved by using a less aggressive paging strategy for the non-voice over E-UTRAN services.

Because a more aggressive paging profile is needed for voice over E-UTRAN services but not for other services using the IMS signalling bearer, a distinction should be made between voice over E-UTRAN and non-voice over E-UTRAN traffic.  Providing this distinction will allow the use of a more aggressive voice over E-UTRAN paging profile to page devices for voice over E-UTRAN mobile terminating calls and less aggressive paging profile for non-voice over E-UTRAN applications.  No impacts are expected to the RAN as paging priority mechanisms already exist. 
Interface between the IMS and the EPC layer

When handling a DL packet (sent by a P-CSCF) that triggers a paging procedure on the IMS signalling bearer, the EPC layer needs to know whether this DL packet requires Paging policy Differentiation for IMS Voice (so paging policy differentiation requirement is on a per packet basic within the IMS signalling bearer).

The EPC layer cannot by itself determine whether a DL packet on the bearer for IMS signalling requires Paging policy Differentiation for IMS Voice  by inspecting the packet itself as the (IMS/sip) packet may be encrypted and as the EPC layer is not assumed to know the SIP protocol and the IMS logic.

Principle 1: The IMS layer (the P-CSCF) is responsible of the determination of whether a packet sent on the bearer for IMS signalling is (when triggering paging) subject to a Paging Policy Differentiation for IMS Voice. 
Remark: the P-CSCF is not aware of whether an INVITE for a terminating service will trigger the paging of an UE. The mechanism being defined shall not require the P-CSCF to have this knowledge

For each incoming new IMS procedure (e.g. incoming INVITE) the P-CSCF has to determine, in case the first incoming packet associated with this procedure requires paging, whether this new IMS procedure would require Paging policy Differentiation for IMS Voice and has to communicate this information to the EPC. This process has to be repeated for each incoming packet as an INVITE for RCS/IM-chat should not benefit from the Paging policy differentiation from an earlier IMS Voice call.

The EPC transfers the requirement for Paging policy differentiation for IMS Voice services to the SGW for the SGW to be able to provide this information to the MME in a S11 DDN, when paging is needed. How the requirement for Paging policy differentiation for IMS Voice is transferred to the SGW - and then to the MME (when paging is needed) - is the subject of another document
The P-CSCF has to communicate to the EPC layer the information of whether a DL packet would require Paging policy differentiation for IMS Voice (when this packet would induce paging). It theoretically can use 2 mechanisms:
· Out of band (via Rx and the PCC)

· In band (in the DL packet itself)

Analysis of the Out of Band mechanism
As shown in the figures below (extracted from 29.213 Annex B), when it handles an incoming IMS message associated with a new session (incoming INVITE)
· (figure B.2.2.1 ) Either the P-CSCF contacts the PCRF after having sent the initial INVITE carrying the SDP, hence after having sent the message that would trigger the paging of the UE (so too late)

· (figure B.2.2.2 ) Or the P-CSCF contacts the PCRF before sending the initial INVITE, but the PCRF ensures only a local check of the validity of the request (step4) and no signalling is sent to the  PCEF/PGW at this stage
In figure B.2.2.1 the P-CSCF derives the provisioning of service information to the PCRF from the SDP offer/answer exchange.
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Figure [29.212] B.2.2.1: PCC Procedures for IMS Session Establishment at terminating P-CSCF and PCRF
[..]

Optionally, the provisioning of service information may be derived already from the SDP offer to enable that a possible rejection of the service information by the PCRF is obtained by the P-CSCF in time to reject the service with appropriate SIP signalling or to enable pre-authorization for a UE terminated IMS session establishment with UE initiated resource reservation. This is described in figure B.2.2.2.
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Figure B.2.2.2: PCC Procedures for IMS Session Establishment at terminating P-CSCF and PCRF, provisioning of service information derived from SDP offer and answer

1.
The P-CSCF receives the first SDP offer for a new SIP dialogue within SIP signalling, e.g. within a SIP INVITE request.
2.
The P-CSCF extracts the service information from the SDP offer (IP address of the up-link IP flow(s), port numbers to be used etc…). 

3.
The P-CSCF forwards the derived session information to the PCRF by sending a Diameter AAR over a new Rx Diameter session. It indicates that the service information that the AF has provided to the PCRF is preliminary and needs to be further negotiated between the two ends.

4.
The PCRF checks and authorizes the session information, performs session binding, but does not provision PCC/QoS Rules at this stage.
Even if the PCRF would contact the PGW in step 4 of figure B.2.2.2: 

· It would delay the sending of the incoming INVITE to the UE as it would require that the P-CSCF waits for the completion of PCRF-Initiated IP-CAN Session Modification (including exchange of Update Bearer request down to the MME)  to send the incoming INVITE;
· It would (for each new IMS procedure) require extra signalling to set the Paging Policy Differentiation for IMS Voice when receiving an incoming INVITE for IMS Voice (via dedicated Rx and EPC signalling) and then to unset it afterwards.
Analysis of the In Band mechanism
The in-band mechanism (setting a relevant header value below the SIP layer in DL packets to be sent on the IMS signalling bearer) seems more appropriate. It is a packet per packet mechanism that does not induce extra signalling or delay.
The DSCP seems a proper header to use provided that the DSCP is not changed by intermediate routers between the P-CSCF and the PGW.

Principle 2: The P-CSCF sends incoming INVITE for IMS Voice services towards the UE using a specific DSCP value (of the IP layer) that is configured on the P-CSCF (and on the EPC). This value is used by the EPC to determine whether Paging policy differentiation for IMS Voice may be granted to a packet to be sent on the IMS signalling bearer. It is assumed that this DSCP value is not rewritten by intermediate routers between the P-CSCF and the PGW.
EPC mechanism transfer the requirement for Paging Policy Differentiation for IMS voice to the SGW for the SGW to be able to provide this information to the MME in a S11 DDN, when paging is needed. How the requirement for Paging Policy Differentiation for IMS Voice is transferred to the SGW - and then to the MME (when paging is needed) - is the subject of another document.
 Proposals

The co-signing companies have provided a CR to 23.228 based on the principles proposed in this discussion document

Alcatel-Lucent has provided another discussion document and corresponding CRs to 23.401 to discuss and specify how the EPC propagates the Paging Policy Differentiation requirement to the MME.
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