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Abstract of the contribution: This discussion paper highlights discrepancies and ambiguities (in 23.402 and 23.401) for the non-3GPP to 3GPP access handover, with GTP based S2a/S2b. And it suggests required resolution.
Introduction

In lieu of many operators planning to use VoWiFi in their network, the support of seamless handover from the non-3GPP access to 3GPP-access also becomes very critical. As part of supporting the same, we encountered various discrepancies and ambiguities in our specifications specifically when GTP based S2a/S2b is used. 
This paper describes those issues and proposes resolutions which are submitted as part of companion CRs.

Discussion

1
Discrepancies between 3GPP TS 23.401 and 3GPP TS 23.402.

From 23.402 clause 8.2.1.1 "General Procedure for GTP based S5/S8 for E-UTRAN Access", step no. 8
8)
Since Handover Indication is included, the PDN GW executes a PCEF-Initiated IP CAN Session Modification Procedure with the PCRF as specified in TS 23.203 [19] to obtain the rules required for the PDN GW in the VPLMN or HPLMN to function as the PCEF for all the active sessions the UE has established with the new IP-CAN type as a result of the handover procedure. If the UE had disconnected from the default PDN before handover then the PDN GW executes a PCEF initiated IP CAN Session Establishment procedures as described in TS 23.203 [19].


If the updated PCC rules require establishment of dedicated bearer for the UE, the establishment of those bearers take place before step 12. The establishment of dedicated bearers in combination with the default takes place as described in Annex F of TS 23.401 [4].

Since Handover Indication is included in step 7, the PDN GW stores the new PCC Rules for E-UTRAN access as well as the old PCC Rules for the Trusted or Untrusted Non-3GPP IP access and still applies the old PCC Rules for charging.

From 23.401 clause 5.3.2.1 "E-UTRAN Initial Attach" step no. 14

14)
If dynamic PCC is deployed and the Handover Indication is present, the PDN GW executes a PCEF Initiated IP‑CAN Session Modification procedure with the PCRF as specified in TS 23.203 [6] to report the new IP‑CAN type. Depending on the active PCC rules, the establishment of dedicated bearers for the UE may be required. The establishment of those bearers shall take place in combination with the default bearer activation as described in Annex F. This procedure can continue without waiting for a PCRF response. If changes to the active PCC rules are required, the PCRF may provide them after the handover procedure is finished.

Discussion 1.1: The statement highlighted in 23.402 indicates that "the PCEF will execute IP-CAN Session Modification as part of the HO procedure and obtains the PCC rules required to function as a PCEF". This is incorrect since the PCEF initiates IP-CAN Session Modification procedure only if the relevant event triggers are subscribed by the PCRF, i.e. in this case if one or more of RAT type, IP-CAN type or Serving CN node change event triggers are subscribed by the PCRF. Since all of these are optional, if none of them are subscribed, there is no need for the PCEF to perform IP-CAN Session Modification procedure. However, even in that case the PCEF will continue to function as PCEF with the existing PCC rules.
Issue 1.1: The statement highlighted in 23.402 suggest that PCEF always executes IP-CAN Session Modification procedure and obtains PCC rules required to function as PCEF. This is incorrect and needs to be corrected.
Resolution 1.1: The highlighted text in 23.402 should be modified on the principles of the existing text in 23.401, mainly removing the part indicating that the PDN GW obtains rules required to function as PCEF for the UE after the handover.

Discussion 1.2: The highlighted text in 23.402 indicates that the PCEF shall wait for the PCRF to provide "updated" PCC rules before establishing dedicated bearers for the UE. However, the highlighted text in 23.401 indicates that the PCEF need not wait for the response from PCRF and shall perform establishment of dedicated bearer based on the currently active PCC rules.

Issue 1.2: For the highlighted part, 23.402 needs to be corrected on the lines of the principles mentioned in 23.401.

Resolution 1.2: 23.402 (clause 8.2.1.1 and 8.2.1.3) should be corrected to specify that the PDN GW shall use currently active PCC rules to activate the dedicated bearers on the 3GPP access. And this can be performed along with default bearer activation as described in 23.401 Annex F.
2
Ambiguous text in 23.402 clause 8.2.1.1 allowing multiple interpretation

From 23.402 clause 8.2.1.1 "General Procedure for GTP based S5/S8 for E-UTRAN Access", step no. 8 and 13
8)
Since Handover Indication is included, the PDN GW executes a PCEF-Initiated IP CAN Session Modification Procedure with the PCRF as specified in TS 23.203 [19] to obtain the rules required for the PDN GW in the VPLMN or HPLMN to function as the PCEF for all the active sessions the UE has established with the new IP-CAN type as a result of the handover procedure. If the UE had disconnected from the default PDN before handover then the PDN GW executes a PCEF initiated IP CAN Session Establishment procedures as described in TS 23.203 [19].


If the updated PCC rules require establishment of dedicated bearer for the UE, the establishment of those bearers take place before step 12. The establishment of dedicated bearers in combination with the default takes place as described in Annex F of TS 23.401 [4].


Since Handover Indication is included in step 7, the PDN GW stores the new PCC Rules for E-UTRAN access as well as the old PCC Rules for the Trusted or Untrusted Non-3GPP IP access and still applies the old PCC Rules for charging.
…
13)
Since the Handover Indication is included in step 12), the Serving GW sends a Modify Bearer Request message to the PDN GW to prompt the PDN GW to tunnel packets from non 3GPP IP access to 3GPP access system and immediately start routing packets to the Serving GW for the default and any dedicated EPS bearers established.


In this step, The PDN GW removes the old PCC Rules for the Trusted or Untrusted Non-3GPP IP access and applies the new Rules for E-UTRAN access for charging. The Charging Id previously in use for the PDN connection in the non-3GPP access now only applies to the default bearer in use in E-UTRAN access. If dedicated bearers are created, a new Charging Id is assigned by the PGW for each of them according to TS 23.401 [4].

Discussion 2.1: The highlighted text suggests that the PCEF shall store two sets of PCC rules (old and new) from step no. 7 to step 13 and shall apply old PCC rules for charging (i.e. until the path switch from non-3GPP to 3GPP access take place). As we understand, the main intention here was to highlight that for policy and charging, the PCEF shall continue to use the active PCC rules until it receives path switch request from 3GPP access. Only then, the PCEF shall apply any changes, which might have been received from PCRF (in case of PCRF interaction), to those PCC rules. However, it ends up suggesting that PCEF shall maintain two sets of PCC rules, etc. Based on resolution 1.1, there may be same PCC rules applicable even after handover (e.g. in case of no PCRF interaction). Or there may be some modification to the existing PCC rules received from PCRF. In summary, the term old and new PCC rules are creating unnecessary confusion in the minds of developers, e.g. if there is PCRF interaction, the PCRF shall provide new set of PCC rules, or suggesting specific implementation and hence need to be avoided.
Issue 2.1: The highlighted text is misleading and creating confusion. Hence it should be corrected.

Resolution 2.1: The highlighted text (in clause 8.2.1.1 and 8.2.1.3) should be rewritten indicating that "the PDN GW shall apply any modification (which might have been received from the PCRF, if there is PCRF interaction) to the PCC rules only after the path switch request is received from the 3GPP access."

3
Following texts in 23.402 does not apply to PMIP based GTP based S2a/S2b equally.

From 23.402 clause 8.2.1.1 (applicable for PMIP based S2a/S2b) "General Procedure for GTP based S5/S8 for E-UTRAN Access", step no. 13

13)
Since the Handover Indication is included in step 12), the Serving GW sends a Modify Bearer Request message to the PDN GW to prompt the PDN GW to tunnel packets from non 3GPP IP access to 3GPP access system and immediately start routing packets to the Serving GW for the default and any dedicated EPS bearers established.


In this step, The PDN GW removes the old PCC Rules for the Trusted or Untrusted Non-3GPP IP access and applies the new Rules for E-UTRAN access for charging. The Charging Id previously in use for the PDN connection in the non-3GPP access now only applies to the default bearer in use in E-UTRAN access. If dedicated bearers are created, a new Charging Id is assigned by the PGW for each of them according to TS 23.401 [4].
Discussion 3.1: The highlighted text suggest that "new charging id" is assigned by the PGW when dedicated bearers are created by the PGW on 3GPP access. This is correct behavior when the handover is from non-3GPP access with the PMIP based S2/S2b interface to 3GPP access with GTP based S5/S8 interface. The reason being, for PMIP based interface (which does not have the concept of dedicated bearer), the PGW performs only IP-CAN session level charging and hence does not create any Charging Id applicable for IP-CAN bearer charging.
Refer to the following text from 32.251 clause 5.2.1.1 (offline charging)

In case of P-GW is not aware of IP-CAN bearers, i.e. in case of PMIP based connectivity, P-GW collects charging information per IP-CAN session as it would be one IP-CAN bearer.

Refer to the following text from 32.251 clause 5.3.1.1 (online charging)

NOTE 1:
P-GW is aware of bearers in case of GTP based connectivity. In case of any other PMIP based connectivity, P-GW is aware of IP-CAN sessions only. If P-GW is not aware of IP-CAN bearers, P-GW collects charging information per IP-CAN session as it would be just one IP-CAN bearer.

Hence, when the dedicated bearers are created on 3GPP access, the PGW can start performing IP-CAN bearer level charging and hence need to generate new Charging ID for the corresponding bearer.

However, for GTP based S2a/S2b, the PGW would create the dedicated bearer(s) on S2a/S2b and would perform IP-CAN bearer level charging even while the UE is in non-3GPP access. So when the handover to 3GPP access takes place, the PGW need not generate new Charging ID and can use the existing Charging ID (although it has to recreate those dedicated bearer(s) on 3GPP access).

Thus, the PGW need to generate new Charging ID for the dedicated bearer only during the handover from PMIP based S2a/S2b. For handover from GTP based S2a/Sb, it shall reuse the existing Charging ID already created for the dedicated bearers on S2a/S2b. This difference of behavior between GTP and PMIP based S2a/S2b needs to be captured in 23.402.

Issue 3.1: Since the procedures for handover from GTP based S2a/S2b (i.e. clause 8.6.1.1, 8.6.1.2 and 16.11) refers clause 8.2.1.1, the difference in the behavior of PGW (as underlined in the above paragraph) is not captured.

Resolution 3.1: For GTP based S2a/S2b, the PGW uses the existing charging ID and need not create a new one while creating the dedicated bearer on 3GPP access during the handover procedure. This needs to be captured in clause 8.6.1.1, 8.6.1.2 and 16.11.

4
Handling of uplink data while handover to 3GPP access

From 23.401 clause 5.3.2.1 E-UTRAN Initial Attach procedure


Discussion 4.1: After the handover to 3GPP access, the first uplink packet can start flowing from 3GPP access before step no. 23 (as highlighted above). However, the PGW performs the data path switch only at step no .23a (i.e. on reception of Modify Bearer Request message from SGW). 

So until step 23a, the PGW may need to handle uplink data from 3GPP access (even though it uses the currently active set of PCC rules – applicable for the non-3GPP access – since the data path switch has not happened). 

Reference 23.402 clause 8.2.1.1 "General Procedure for GTP based S5/S8 for E-UTRAN Access", step no. 13

13)
Since the Handover Indication is included in step 12), the Serving GW sends a Modify Bearer Request message to the PDN GW to prompt the PDN GW to tunnel packets from non 3GPP IP access to 3GPP access system and immediately start routing packets to the Serving GW for the default and any dedicated EPS bearers established.


In this step, The PDN GW removes the old PCC Rules for the Trusted or Untrusted Non-3GPP IP access and applies the new Rules for E-UTRAN access for charging. The Charging Id previously in use for the PDN connection in the non-3GPP access now only applies to the default bearer in use in E-UTRAN access. If dedicated bearers are created, a new Charging Id is assigned by the PGW for each of them according to TS 23.401 [4].
Issue 4.1: The PGW may need to handle the uplink data from 3GPP access while the changes to the PCC rules (received from the PCRF, if there is PCRF interaction) related to the 3GPP access are not yet applied (i.e. before the step no. 23a). Since this is not explicitly clarified in the current spec, the PGW implementation may drop the uplink packet before step no .23a.
Resolution 4.1: A note clarifying that "during the handover procedure, if the PGW receives uplink packet before step no. 23a, it is required to handle the same".
Conclusions

The main intention of this discussion paper is to present the issues and agree on the principles of the resolution:
· Correction to 23.402 clause 8.2.1.1 step 8: Removing the part indicating that the PDN GW obtains PCC rules required to function as PCEF for the UE after the handover. (Reference: Resolution 1.1).

· Correction to 23.402 clause 8.2.1.1 step 8: Correction to specify that the PDN GW shall use currently active PCC rules to activate the dedicated bearers on the 3GPP access. And this can be performed along with default bearer activation as described in 23.401 Annex F. (Reference: Resolution 1.2).
· Correction to 23.402 clause 8.2.1.1 step 8, 13: Rewording of text indicating that "the PDN GW shall apply any modification (which might have been received from the PCRF, if there is PCRF interaction) to the PCC rules only after the path switch request is received from the 3GPP access". Similar changes to clause 8.2.1.3. (Reference: Resolution 2.1).

· Correction to 23.402 clause 8.6.1.1: For GTP based S2a/S2b, the PDN GW uses the existing charging ID and need not create a new one while creating the dedicated bearer on 3GPP access during the handover procedure. Similar changes to clause 8.6.1.2 and 16.11. (Reference: Resolution 3.1).

· Note in 23.401 clause 5.3.2.1-1 step 23a: Clarifying that "during the handover procedure, if the PDN GW receives uplink packet before step no. 23a, it is required to handle the same". (Reference: Resolution 4.1).
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