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Abstract of the contribution: This paper discusses the handling of the create/delete TFT operations in relation to Gx interactions, including the establishment of the first bearer (that never has any initial TFT).
1
Background
CT3 has asked SA2 how to handle the introduction of a TFT on an existing bearer. Existing traffic mapping procedures is a good background for the discussion on the subject.

The NAS signalling for both GPRS and LTE lacks from the possibility to introduce a TFT on the first PDP context/EPS bearer at establishment. The first interaction over Gx therefore includes information that is common for the whole connection to the PDN.
The PCRF takes into account the packet routeing and transfer function, as specified in TS 23.060 clause 9.3, that "the GGSN evaluates for a match, first the downlink packet filter amongst all TFTs … the N‑PDU is tunnelled to the SGSN via the PDP context that is associated with the TFT of the matching downlink packet filter. If no match is found, the N‑PDU shall be sent via the PDP context that does not have a TFT assigned to it".
In this respect, the TS 23.401 specifies in clause 4.7.2.2 the equivalent behaviour for the P-GW mapping to EPS bearers: "If no match is found, the downlink data packet shall be sent via the EPS bearer that does not have any downlink packet filter assigned."
Thus, the initial bearer can potentially carry any traffic and provide QoS as accepted by the network. The PCRF will take the initial policy decision with the knowledge that the initial bearer potentially can carry any traffic to/from the UE.

2
Discussion

The PCRF responds to the first interaction (IP-CAN session establishment) activating the initial set of PCC rules for the user's connection to the APN. Since the initial bearer has no TFT the traffic that matches those rules is the traffic that will be allowed for the connection to the PDN.
We have drawn the conclusions that

Conclusion #1:
a bearer without a TFT is open for all traffic pertaining to the IP-CAN session.
Conclusion #2:
the PCRF makes the initial policy decision for an IP-CAN session considering that the initial bearer initially has no TFT.

In this discussion, the absence of a TFT on a certain bearer is referred to as the bearer "is open for all traffic".

Also the BBERF would be involved in the same way as discussed for the PCEF.

Once the IP-CAN session is established, the PCEF has the task to maintain PCC rules that have a valid bearer binding only. If a PCC rule renders an invalid bearer binding, the PCEF shall remove the rule and report to the PCRF. The TS 23.203 definition is included here for reference.
binding: The association between a service data flow and the IP‑CAN bearer (for GPRS the PDP context) transporting that service data flow.

One condition for a valid bearer binding is consistency between SDF filters of a PCC rule and TFT filters in that, for any packet that yields a match with a PCC rule that has the bearer binding to a specific bearer, the TFT filter setting directs the packet to the same bearer.

Other conditions include that, for the PCC rule and the bearer, the QCI setting shall be the same and that the bearer has high enough GBR setting to accommodate traffic corresponding to the total GBR for the PCC rules on the bearer.

In a situation where any of the conditions for the bearer binding being valid is not fulfilled (bearer binding invalid) the PCEF is obliged to (i) remove that PCC rule and (ii) report the removal to the PCRF.
CT3 has in (C3-121755) asked for guidance as to how PCC rules that were introduced with the initial establishment of the initial bearer of an IP-CAN session shall be treated when the UE creates a TFT on that bearer. When studying this, it is suitable to consider the TFT removal as well.
Assuming that the UE request to create a TFT is successful then the following actions need to be taken, not necessarily in the order presented here:

a) PCEF is to tell the PCRF about the requested TFT filters.
b) PCEF is to tell the PCRF that there will no longer be any bearer open for all traffic 
Albeit not strictly needed the creation of a TFT, at deletion of a TFT, the reverse indication is suitable for PCRF understanding there will be a bearer that is open for all traffic.
c) PCEF is to tell the PCRF what PCC rules render invalid bearer binding, causing their removal.

d) The PCRF taking a policy decision based on the new TFT filters, with the knowledge that there is no bearer open for all traffic:
· activating PCC rules with SDF filters corresponding to the new TFT filters;
· removing PCC rules that the PCRF wishes to remove.
e) The PCEF validating the PCRF policy decision.

Considering any PCC rule that was activated based on the situation with a bearer that has no TFT, such PCC rule
(a) shall be deleted if the bearer binding will be invalid
(b) may remain if the bearer binding remains valid.

The PCEF might be unable to determine whether a PCC rule that does not have any filter parameter in common with any TFT filter still has a valid bearer binding. One example of this situation is when the TFT filter includes the remote address range only and the PCC rule includes the protocol number only. For such rules the PCEF may decide whether the PCC rule remains valid or not. A PCC rule removal shall be reported as per normal procedures.
From the above, we can identify different categories of PCC rules to be identified by the PCEF:

1. The rule complies with the new TFT filters. The rule shall remain.

2. The rule does not comply with the new TFT filters. The rule shall be removed.
3. The rule compliance with the new TFT filters cannot be determined. The PCEF locally decides whether the rule remains or not.

In order to notify the PCRF of the consequences of approving the TFT filters and generate the corresponding PCC rule, the PCRF benefits from a prior warning what PCC rules the PCEF will remove upon approval of the TFT filters. We find such rules in category 2 and may find such rules also in category 3. Proper actions from the PCEF with respect to each of the categories are to, for

Category 1 and, where the rule will remain, category 3: 
Retain the rule. No indication over Gx.

Category 2 and, where the rule will be removed, category 3: 
Retain the rule during the course of the PCRF decision. Indicate pending removal to the PCRF.

If the PCRF accepts the new TFT filters, PCEF shall unconditionally remove the rules that need removal due to their invalid bearer binding. The PCRF shall instruct on the removal and there is no additional signalling over Gx.
From the above discussion, we can draw conclusions:

Conclusion #3:
The PCEF informing the PCRF what PCC rules will render invalid bearer binding, after accepting the new TFT filters, enables the PCRF to explicitly request the deletion of those rules. Thus avoiding the separate notifications on PCEF spontaneous removal of them.
The following behaviour and usage for Gx implements the behaviour needed for handling the introduction (and removal) of a TFT:

1. The PCEF shall keep the PCRF up-to-date, throughout the IP-CAN session, whether the IP-CAN session has a bearer that is open for all traffic (i.e. has no TFT filter).
2. For a UE request to create a TFT, the PCEF should inform, in addition to the requested operation itself, what PCC rules will get an invalid bearer binding (and as a consequence will be removed) after a successful completion of the procedure.

3. The PCRF accepting the requested filters, shall confirm the removal of PCC rules as indicated by the PCEF in the request.

4. The PCEF shall maintain a transient state "removal pending", while the request for the PCRF policy decision is outstanding, for PCC rules that will get an invalid bearer binding.

5. At the PCEF, and for a request that is approved by the PCRF and after PCEF implementing any PCRF requests to delete PCC rules from the IP-CAN session, the PCEF shall remove any residual PCC rules that have an invalid bearer binding and notify PCRF as per normal procedures.

6. At the PCEF, and for a request that is not approved by the PCRF, the PCEF shall return the PCC rules to the state it had before state "removal pending".

3
Proposal

It is proposed to amend existing procedures to
4. Let the PCEF keep the PCRF up-to-date over Gx whether an IP-CAN session has any bearer open for all traffic or not, i.e. whether there is a bearer without a TFT or not.
5. Let PCEF notify the PCRF what PCC rules would render removal if the resource request is accepted.
6. Introduce a "pending removal" state for PCC rules that PCEF notifies to the PCRF according to item 2. After the response from the PCRF, at success, the PCC rule is deleted on request from the PCRF. In case of failure, the PCC rule is returned to the state that applied before "pending removal".
The above also applies to the corresponding procedures over Gxx and at the BBERF.

Making the PCRF aware what PCC rules will be deleted upon approval of the TFT filters is (i) an improvement compared to existing procedures in that the PCRF can make the policy decision based on that knowledge and (ii) an optimization in that the PCRF explicitly deleting those rules removes the need for separate notifications for the PCC rule removals.

These amendments are not strictly necessary for the proper operation of PCC. It is recommended to introduce changes beginning with Release-11.
The above is documented in the draft LS answer to CT3 (S2-123750).

SA2 is asked to assess whether the TS 23.203 needs amendment for stage 3 specifications to accommodate the above requirements. If needed, Ericsson volunteers to coordinate the preparation of CRs for an upcoming SA2 meeting.
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