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Abstract of the contribution: This document presents potential solutions on how to support Paging Policy Differentiation for IMS Voice within the EPC and proposes a way forward
Position of this paper in voE-UTRAN_PPD
This paper focuses on the impacts to the interface between PGW and SGW.
As described in S2-142469, the P-CSCF sends incoming INVITE for IMS Voice 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 services may be granted to this packet.
The P-CSCF discriminates  incoming INVITE for IMS Voice  services from other flows to be sent on the IMS signalling bearer (towards the UE) using specific DSCP (IPv4) / Traffic Class (IPv6) values  (of the IP layer) configured on the P-CSCF and on the EPC. These values are used by the EPC to determine whether Paging Policy Differentiation for IMS Voice is required when paging the UE over EUTRAN to deliver the packet.
The EPC transfers 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 this Tdoc.
Support of the feature by the EPC layer

Following solutions may be envisaged for the SGW to detect that Paging policy Differentiation (between IMS Voice and other services) is required for a packet:
· Based on the SGW analysis of the specific DSCP value; or
· Based on an indication sent by the PGW in the GTP-u header.
SGW Detection Based on the SGW analysis of the specific DSCP value 

In this solution,

· The SGW has to be configured with 

1. The specific DSCP value corresponding to a request for Paging Policy Differentiation (between IMS Voice and other IMS services), also configured in the P-CSCF;
2. The (IMS) APN to which this Paging Policy Differentiation may apply.
· When paging is needed, the SGW uses the DSCP value in the IP header at “applicative” level, i.e. above GTP-u layer, to provide in a S11 DDN a request for Paging Policy Differentiation for Voice over LTE. Using outer DSCP would not work as it is used for differentiated QoS in the backhaul/transport. 
· The SGW has to handle the contents of the packets sent to the UE (the inner IP packets received in the S5 GTP-U packet) as it has to look at the DSCP / Traffic class header of these packets. The SGW also has to take care of the IP versions (IPv4 / IPv6) used over Gm. However, only a small number of packets need to be inspected:

1. Inspection of inner IP packets is only required when the UE is in idle mode, i.e. when the SGW is buffering the packets;

2. Only the first packets need to be inspected as, even if the first packet is a non-voice IMS INVITE and a later packet is a voice over IMS INVITE, they will likely be in the same TCP session, thus with the same DSCP. An exception would be when the first packet is sent over UDP because of its small size, but for simplification it is not proposed to inspect all the IP packets.
· The PGW shall not alter the DSCP of the inner IP packets sent over S5.
· The MME should know whether the paging:

1. shall be handled as a paging for Voice over IMS;

2. shall be handled as a paging due to non-IMS services;
3. shall be handled as a paging for IMS services others than Voice over IMS (deprecated paging policy compared to VoIMS, but possibly also deprecated compared to non-IMS services);

The MME can derive that the DDN is for IMS service or for non-IMS service via the QCI (QCI=5 meaning IMS Signalling bearer). 

In existing specifications (i.e. w/o Paging Policy Differentiation indication), a DDN for IMS Signalling bearer is considered as for VoIMS by default. Therefore, for backward compatibility reasons, 

· either the SGW sends a DDN without PPD indication for VoIMS, and DDN with PPD indication for non-voice IMS services; or

· the SGW sends a DDN with a PPD indication (voice) for VoIMS, a DDN with PPD indication (non-voice) for non-voice IMS services.

Alcatel-Lucent prefers the latter approach, which is cleaner.

Note that because various DSCP values may already be used by the transport network between P-CSCF and PGW, it is not possible to standardize the DSCP values used between P-CSCF and PGW. This means that:

· In the Voice over IMS case, where SGW and PGW are in the same PLMN, the SGW needs to be configured with a DSCP value for the PLMN;
· If the PPD feature needs to be extended to other IMS services in the future, the SGW will have to be configured with DSCP value per PLMN for the home routed scenarios. This might be operationally very difficult to manage in the real life (there could even be more than one DSCP value per HPLMN, and it is even more complicated if it is decided to extend the PPD feature to other APNs).
· Collision with other features should be considered. For example, 23.705 TR (UPCON) has following text for the FPI solution that is likely to be defined/chosen as part of Rel13.
· For GTP-based interfaces the FPI marking is provided in downlink user plane packets.

· NOTE 1:   The FPI could be defined as a new GTP-U extension header, completely independent from the SCI, or as an enhancement of the GTP-U extension header specified in Rel-11 to convey the SCI. Alternatively, the FPI could be encoded as a DSCP value in the header of the inner IP packet. The details are up to stage 3.
Note that the issue is not between P-CSCF and PGW, because TDF-PGW interface is another interface: the PGW knows whether the packets come from TDF or from P-CSCF and can apply different DSCP policies, but the issue is on S5/S8 interface between SGW and PGW which is a common interface for PPD and UPCON.

SGW Detection Based on an indication sent by the PGW in the GTP-u header

In this solution,

· The PGW has to be configured with:
1. The specific DSCP value corresponding to a request for Paging Policy Differentiation (between IMS Voice and other IMS services), also configured in the P-CSCF;
2. The  APN (i.e. IMS) where this Paging Policy Differentiation may apply.
· Based on the detection of the specific DSCP value set by the P-CSCF in a DL packet to be sent on the signalling bearer of an (IMS) PDN connection, the PGW sets an indication for Paging Policy Differentiation in GTP-u header (a new GTP-u header or reusing the Service Class Indicator (SCI) defined for SIRIG see TS 29.281, where standard SCI values could be defined for that purpose in 29.281). A new GTP-u header carrying standardized Paging Code Indicator (PCI) values is preferred because easier to remove at the SGW, even for a legacy SGW.
· When paging is needed, the SGW uses this indication for Paging Policy Differentiation in the GTP-u header, to provide an indication for Paging Policy Differentiation in the DDN message sent to the MME over S11: the SGW does not need to handle the content of the packets sent to the UE and does not need to be aware of the IP versions (IPv4 / IPv6) used over Gm.
· Before the packet is forwarded towards the RAN, the SGW removes the indication for Paging Policy Differentiation from the GTP-u header of the packet, or the target node (eNB, 2G-SGSN, RNC) simply ignores the indication.

· Like in the DSCP solution, the MME should know whether the paging:

1. shall be handled as a paging for Voice over IMS;

2. shall be handled as a paging due to non-IMS services;

3. shall be handled as a paging for IMS services others than Voice over IMS (deprecated paging policy compared to VoIMS, but possibly also deprecated compared to non-IMS services);

The MME can derive that the DDN is for IMS service or for non-IMS service via the QCI (QCI=5 meaning IMS service). 

In existing specifications (i.e. w/o Paging Policy Differentiation (PPD) indication), a DDN for IMS Signalling bearer is considered as for VoIMS by default. Therefore, for backward compatibility reasons, 
· either the SGW sends a DDN without PPD indication for VoIMS, and DDN with PPD indication for non-voice IMS services; or

· the SGW sends a DDN with a PPD indication (voice) for VoIMS, a DDN with PPD indication (non-voice) for non-voice IMS services.

Alcatel-Lucent prefers the latter approach, which is cleaner.

However, two variants are seen for this solution:
4. Variant 1: For each packet in the IMS Signalling bearer the PGW sends a PPD Indication in the GTP-U header, where PPD Indication indicates whether the packet requires paging for Voice over IMS or whether the packet requires paging for non-voice IMS service. For non-QCI=5 bearer, the PGW does not send any PPD indication in the GTP-u header.
5. Variant 2: Homogeneous network, i.e. by configuration, the SGWs of the PLMN are aware on whether, in the same PLMN, the P-CSCF and the PGWs supporting IMS APN support the Paging Policy Differentiation feature. In this case, the PGW sends a PPD indication only if the IP packet has the specific DSCP value indicating INVITE for voice over IMS. 
When P-CSCF and PGW supports Paging Policy Differentiation feature, the SGW differentiates VoIMS from non-voice IMS services in QCI=5 bearer via the GTP-u header presence. Homogeneous network makes sense because GSMA has specified that VoIMS roaming case is supported with Local Break-Out scenario, and because not upgrading all nodes would make the feature supported depending on the SGW/PGW node selection.
In variant 1, the PGW inspects IP header and set GTP-u header for all QCI=5 packets, whereas in variant 2, the PGW inspects IP header in all QCI=5 packets but sets GTP-u header only for voice IMS INVITE messages (which are tagged with the specific DSCP value). The processing power induced remains low as only IP header is inspected. 

Because the feature is only intended to VoIMS over LTE for Rel-13, assuming LBO roaming with SGW, PGW and P-CSCF in the same network, it is possible to specify variant 2 in Rel-13, and later introduce the home-routed case via variant 1 for foreign PGWs for extending the PPD feature for differentiating between various non-voice IMS services.
In home routed cases, there is no need to have per PLMN configuration: if the SGW in the VPLMN supports PPD feature, it applies it when it receives an IMS signalling packet with the specific GTP-u PCI value. The coordination of the DSCP values are only considered locally between the PGW and P-CSCF in the HPLMN. 

Analysis of both solutions / proposal
 “SGW Detection based on an indication sent by the PGW in the GTP-u header”

Advantages
· Allows further extensions to paging differentiation between non-voice home-routed IMS services without requiring co-ordination of DSCP between PLMN(s);
· Does not require the SGW to handle the content of the packets sent to the UE  and has to take care of the IP versions (IPv4 / IPv6) used over Gm;
· Does not require the SGW to have DSCP configuration and per APN configuration.
Drawbacks

· Requires modifications to both SGW and PGW;

· Does not apply to PMIP over S5. But DSCP-based solution can be used in this case.
· Small impact to PGW performance, but acceptable as only IP header is inspected.

“SGW Detection Based on the SGW analysis of the specific DSCP value”

Advantages

· Does not impact PGW;
· Applies to PMIP over S5.

Drawbacks

· Does not allow further extensions to paging differentiation of non-voice home-routed IMS services without requiring the SGW to be configured with a set of DSCP values per Home PLMN, which is considered as a significant operational issue: 
in Home Routed scenario, it would require co-ordination of configuration of the DSCP values between the HPLMN and the VPLMN:

· The DSCP value associated with the feature is configured in the H-PLMN (in P-CSCF and in the routers between the P-CSCF and the PGW)

· The DSCP value associated with the feature is configured in the V-PLMN (SGW)

· Requires SGW to look at the contents of IP packets sent to the UE;

· Requires SGW DSCP configuration and per APN configuration;
· Collision with other features e.g. over S5 interface (DSCP might be used also for other features such as UPCON, as described above).

Alcatel-Lucent conclusion is that:
· If it is not intended in the future to extend the Paging Policy Differentiation feature to non-voice IMS services in home routed cases, then DSCP-detection based solution is preferred;
· Otherwise, GTP-u header based solution is preferred.

Alcatel-Lucent has provided corresponding CRs.
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