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Abstract of the contribution: This paper discusses the signalling flow which is suitable to be used in the enhanced PS domain location reporting. 
1. Introduction

The enhanced PS domain location reporting was added as a solution alternative. This contribution here describes the signalling flow for this solution, including the messages used for user location information reporting. The message flows are also provides some understanding about the timing behaviour.
2. Discussion
The enhanced PS domain location reporting describes that the user location information is always signalled to the P-GW (triggered by data transfer activities on the signalling bearer) and the P-CSCF can get it from the P-GW. In the following we describe the signalling flows for transferring the user location information based on PCC structure. These flows show the timing behaviour for providing the location information to the IMS entities as it is required that the provision of location information should preferably add no delay to the service handling.
Two alternatives are described for providing the cell ID for the IMS entities. The first signals the cell ID according to the existing approach in S1 and GTP-C messages to the P-GW. 
The second alternative signals the cell ID in the user plane (Alt A) together with each data unit that is transferred on the signalling bearer or (Alt B) as separate GTP-U message. This way the cell ID arrives together with the IMS message at the P-GW. Also some comparison of advantages and disadvantages is provided for the two user plane transfer alternatives.
3. Proposal
We propose to discuss the above alternative message mechanisms and propose to add the following information flow and descriptions to the description of the enhanced PS Domain Location Reporting for IMS to the TR.

******************* Start of the 1st Change *********************
6.2.1 Signalling Flow for the Enhanced PS Domain Location Reporting
The following procedure describes the location information provision for the enhanced PS domain location reporting.
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Figure 1．Signalling flow for enhanced PS domain location reporting

1)
The PDN connection for IMS signalling is established. The PCRF requests user location information reporting for IMS signalling events, which the P-GW requests from MME. Any time the RABs are established the MME requests the eNodeB to report the location for IMS signalling events. 
Mobile originated IMS session establishment:
2) An IMS level session establishment procedure is initiated. The SIP message INVITE is sent from the UE to the P-CSCF.
3) The transfer of the signalling message triggers the eNodeB to report user location information reporting if the location changed compared to the last reported cell. Reporting stops at P-GW, the P-GW does not forward the location information towards the PCRF. This is to reduce the amount of PCC reports and to adjust timing between the different paths.
4) After receiving the SIP message, the P-CSCF retrieves user location information from the PCRF by sending a Location Information Request message. 

5a)
In a GTP-based S5/S8 scenario, the PCRF sends Policy and Charging Rule Provision to the P-GW to request the user location information. 
5b)
In a PMIP-based S5/S8 scenario, the PCRF sends Gateway Control and QoS Rules Provision to the S-GW to request the user location information.
6a)
In a GTP-based S5/S8 scenario, the P-GW reports the user location information to the PCRF.
6b)
In a PMIP-based S5/S8 scenario, the S-GW reports the user location information to the PCRF.
7)
The PCRF notifies the P-CSCF of the UE’s location information received in step6.

8) The P-CSCF forwards the user location information to other IMS entities such as the S-CSCF. The added delay is the user location information retrieval procedure between the P-CSCF and the P-GW/S-GW.
Mobile terminated IMS session initiation:

1)
The SIP message INVITE arrives at the S-GW.
2)
The S-GW sends the Downlink Data Notification message to the MME for which it has control plane connectivity for the given UE. The MME responds to the S‑GW with a Downlink Data Notification Ack message.
3)
The MME starts paging the UE.
4)
If the UE is in the idle mode, the service request procedure is initiated.
5)
The SIP message INVITE is sent to the UE.
6)
The transfer of the signalling message triggers the eNodeB to report user location information reporting if the location changed compared to the last reported cell. Reporting stops at P-GW, the P-GW does not forward the location information towards the PCRF. This is to reduce the amount of PCC reports and to adjust timing between the different paths.
7)
The UE sends the SIP message 200 OK back to the IMS.
8)
After receiving the SIP message, the P-CSCF retrieves user location information from the PCRF by sending a Location Information Request message. 

9a)
In a GTP-based S5/S8 scenario, the PCRF sends Policy and Charging Rule Provision to the P-GW to request the user location information. 
9b)
In a PMIP-based S5/S8 scenario, the PCRF sends Gateway Control and QoS Rules Provision to the S-GW to request the user location information.
10a) In a GTP-based S5/S8 scenario, the P-GW reports the user location information to the PCRF.
10b) In a PMIP-based S5/S8 scenario, the S-GW reports the user location information to the PCRF.
11) The PCRF notifies the P-CSCF of the UE’s location information received in step10a/step10b.

12) The P-CSCF forwards the user location information to other IMS entities such as the S-CSCF.
6.2.1a
Using GTP-U Messages for Enhanced PS Domain Location Reporting

As an alternative to the location information reporting by signalling messages GTP-U messages may be used for the enhanced PS domain location reporting. This can offload the signalling plane and may bring advantages for the timing behaviour. The information is as described above under 6.2.1 the only difference is for steps 3) of the mobile originating or steps 6) of the mobile terminating session initiation. The location reporting is moved from signalling to GTP user plane. Two alternatives are considered.

In alternative A the eNodeB adds the user location information to the GTP-U extension header. The P-GW or the S-GW, respectively retrieves the location information from the GTP-U extension header when it receives the PDUs. When there is no uplink G-PDUs, the eNodeB generates one empty packet with the user location information in the GTP-U header. Whether this is needed and how this is done is FFS. If, for example, the location is always only needed together with uplink signalling messages then it is not needed.

For alternative B a separate GTP user plane message is introduced for location reporting. In addition a GTP-U acknowledgment message is needed. Alternative A does not need a GTP-U acknowledgement message as the IMS message would be repeated if the GTP-U PDU with the location information header gets lost.

The following table (Table 6.x.1-1) shows the advantages and impacts of the two alternatives of GTP-U based Enhanced PS Domain Location Reporting. 

Table 6.x.1-1: Analysis of Two Alternatives of GTP-U Messages for Enhanced PS Domain Location Reporting
	
	Alt A
	Alt B

	Advantage
	No additional message transfer, cell-ID can be put in the header of a data packet.
	Shorter message path than in the control plane. 

	Impact
	Change to the eNodeB: 

1) The eNodeB insert the cell ID in the data packet GTP-U header; 

2) When there is no uplink PDUs, the eNodeB may need to generate an empty packet with the user location information in the GTP-U header;

3) This can be achieved by newly defined GTP-U extension header type. 

This mechanism reuses the mechanism of extension header type and do not bring additional change to the network elements.

Change to the PGW: 

The PGW needs to check each packet to find whether there is cell ID in the header. Suitable extension header type may alleviate some work from the PGW.
	There are two kinds of alternatives:

1) New GTP-U messages need to be defined. 

This mechanism has impact in the eNodeB, the PGW, and also requires change in the SGW, since it shall forward these messages to the next hop, i.e., the eNodeB/PGW.

2) Existing GTP-U messages with new defined information element is needed. 

This mechanism requires change in the SGW, since it shall forward these messages to the eNodeB/PGW if the IE for location information is included.




******************* End of Change *********************













































6b. Gateway Control and QoS Rules Provision Ack
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9a. Policy and Charging Rules Provision





11. Location information Response





8. Location Information Request


























10a. Acknowledge Policy and Charging Rules Provision 
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1. PDN connection establishment procedure, location reporting trigger is set in the eNodeB
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