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Abstract of the contribution: This contribution illustrates an issue in multiple BBF handling and proposes some alternatives for this issue. The SA2 is encouraged to discuss the issue and decide what alternative should be used to handle the identified issue.
1. Introduction

During last SA2 meeting, the issue of handling QoS rules during handover was discussed. It was agreed that when the UE is connected to the new access and thus to a new BBERF, the PCRF will push all active QoS rules to the new BBERF. In this paper, we explore this issue further and show that to handle the QoS properly in all cases, further enhancements are needed.

2. Discussion

2.1 Problem description

As an example, the diagram in Figure 1 highlights the issue using a handover example from LTE to eHRPD. However, the same problem may also exist in other inter-technology handover cases.
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Figure 1 QoS interaction for UE-initiated resources during handover
Before handover happens, the UE is attached to the E-UTRAN. 
In step 1, the UE requests resources to be allocated for some SDFs.  As the request is done over LTE, UE uses QCI and other 23.401 QoS parameters for the QoS request. This request triggers Gateway control and QoS rules request procedures between the SGW and the PCRF. When the QoS rules are authorized, the SGW initiates either new bearer creation or bearer modification to set up the bearer for the requested resources, as shown in steps 3&4. The UE understands that the resource request has been satisfied by correlating the PTIs in the NAS signaling. This correlation of UE init resource requests and bearer setups is not based on filter matching but the explicit PTI correlation.
At step 6 UE moves to eHRPD and attaches to the HSGW. The PCRF will push all active QoS rules to the HSGW based on the principle agreed during previous SA2 meeting. The HSGW maps QoS information into eHRPD specific QoS parameters such as QoS profile IDs and sets up resources based on eHRPD specific procedures. 

When the UE receives the new set of eHRPD bearers, UE needs to perform 2 issues:

1) Bearer binding, so that IP flows can be mapped to correct bearers
2) Verification of the QoS existence

Bearer binding can always be done solely based on filters provided by the new access system. There is no need to  correlate the "after handover bearer binding" with the "before handover bearer binding".

The situation for QoS verifiicaiton is however different from the bearer binding. The QoS verification is about comparison between the old QoS resource and new QoS resource. E.g. In LTE UE had got QCI X bearer as a response to a UEs QoS request. Now the new bearer binding over eHRPD points to eHRPD QoS profile A, Does this mean that the original UE QoS request is still met or does it mean that there just happens to be a bearer with a wider filter that matches the IP flow filter of the application.

If the intention of the HSGW was to allocate corresponding QoS for the UE, then the old QoS rule is now installed in the new BBERF. If the BBERF could not set up the corresponding QoS (but bearer binding based on a wider filrer can still be done by the UE), the old QoS rule is not anymore installed in the new BBERF.

The UE must perform the same determination about which QoS resoruces still exist when it receives the new QoS resources from new BBERF. If the UE determined that the new QoS resources correspond to the old QoS resources, then the UE assumes that the QoS rule is still provided to it.  If the UE determines that the new QoS resource is not corresponding to the original QoS resource, UE assumes that the originally requested QoS in now gone. Depending on this determination, the UE either will or will not perform further maintanance of this QoS resource, e.g. in the case when the application for which the QoS was used is later closed.
In the previous SA2 meeting, the following text was added to highlight the solutions for this issue:

NOTE: To facilitate the UE’s  determination of which pre-exising IP flows have QoS resources setup in the target access, the use of  mechanisms such global filter IDs (that remain unchanged between the source and target access or require the target access to not change filters provided to the UE), is recommended
However, the impact on each of the alternatives is not discussed. In this paper, we further elaborate on possible alternatives and the required standard changes.
2.2 Solution alternatives
In order to allow the UE to clearly determine which of the existing QoS resources are still active in the target access the following alternatives can be used.

2.2.1 Alternative 1: Standardized mapping between QCI and access specific QoS
No restrictions are specified for each access on how the BBERF performs the bearer binding and communicate the SDF information to the UE. The UE simply tries to match all existing TFTs with the new filters associated with the new resources/bearers on the target access. Such matching process may require the UE to match an existing TFT into a wider filter if the target access happened to combine several TFTs into a single filter while binding them to the same bearer. 

In order for the UE to determine whether the required QoS has been maintained by the target access or not, the UE also needs to check whether or not the matched resource/bearer offers comparable QoS as the old resource/bearer in the source access did. 

This QoS matching between source and target access requires the UE and the target access to associate the each access specific QoS parameters to the same QCI and vice-a-versa. For example, in eHRPD access system, the QoS resources are specified using so called QoS profile IDs. In order for the UE to associate an existing "LTE QoS reservation" to an eHRPD bearer/resource properly after handoff, a standardized mapping between eHRPD QoS profile IDs and QCIs is needed both in the UE and in the eHRPD BBERF. 
Similarly, for any other accesses that are used to connect to the EPC, a standardized mapping between the access specific QoS parameters to QCI would be needed.
2.2.2 Alternative 2: Bit-by-bit matching of filters
To avoid the wild card matching on the UE and the burden to specify QoS mapping for each access that connects to the EPC, another alternative is that the system is designed so that the BBERF is still allowed to perform the bearer binding in access specific manner but is required to maintain the SDF information received from the PCRF and send exactly the same set of filters to the UE when the access specific resources/bearers are established. 
In this case, the UE simply tries to match all existing IP flow filters with the filters received for the new resource/bearer on the target access in a bit-exact way. If a bit-exact match is found, then the UE determines that the existing QoS reservation from the source access has been set up accordingly on the target access. 

This alternative requires the BBERF for all accesses connected to the EPC to not change or combine the SDF received from the PCRF in a way that may cause inconsistencies between different accesses. It also means that every access must be able to convey similar filter descriptions in the access specific resource/bearer setup signalling.
This alternative also implies that the PCRF shall not modify the filters that it provides to different BBERFs when the filters point to the same QoS flow.

In this solution the correct system operation relies solely on the assumption that the filters for existing flows are never changed in any part of the system and can be conveyed in the same format through all parts of the system. 

2.2.3 Alternative 3: Globally applicable Filter IDs
This alternative can be considered as a variation to alternative 2. Instead of requiring different BBERFs in different accesses to send the same filters to the UE, in this alternative each filter is pointed out by using a globally unique filter ID across accesses.
When the UE moves to the target access, the PCRF pushes the same filter Id within the QoS rule to the target BBERF. The target BBERF performs access specific bearer binding but provides the provided filter ID to the UE to identify what IP flows are carried over each new bearer. There is no ambiguity for the UE to identify existing IP flows and associate them with the newly created bearers on the target access.
This alternative requires all the accesses connected to the EPC to be able to convey the same filter ID between the UE and the BBERF and also over the Gxx interface. E.g. in eHRPD this type of filter ID does not currently exist.
2.3 Modification and release operations
Regardless which of the above alternatives is chosen, the UE should always know what QoS resources exist in current access and what they are supposed to be used for.  For example, the UE should still send resource release request to the target access to release resources that are no longer used after the application terminates. In order to do this properly, the UE must be aware what QoS resources exist in the current access and how to identify those resources over the current access.
3. Proposal
SA2 is encouraged to discuss the identified issue and agree on an alternative to resolve the issue.
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