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Abstract of the contribution: This contribution studies the QoS aspects of Nx-based interworking procedures described in TR 23.799 clause 18.2. It notices a common list of issues and proposes solutions for them.

1. Introduction
In TR 23.799 clause 8.11 (Agreements on Key Issue #18: Interworking and Migration) is agreed that:

-
The standard will define mobility procedures from NG Core to EPC and vice versa to support "single registered" UEs and achieve minimal service disruption.

- Solution 18.2 is adopted as the basis for normative work. However, decision on which of the signalling flow variants shown in clause 6.18.2.1.2.3 will be standardised is deferred to the normative phase.
In SA2#118bis three procedures out of six were discarded. This paper evaluates the QoS aspects of the two remaining signalling flows; Solution 1: “Default bearer handover and dedicated bearer re-activation after HO completion”, and Solution 2: “Full Session Setup”. “Default bearer handover and dedicated bearer re-activation during HO preparation” is not discussed in this paper.
2. Assumptions

RAN2 has agreed that multiplexing multiple QoS flows to a single DRB is possible but only via proprietary means:

Within each PDU session, how to map multiple QoS flows to a DRB is up to RAN. The RAN may map a GBR flow and a non-GBR flow, or more than one GBR flow to the same DRB, but mechanisms to optimise these cases are not within the scope of standardization.
This paper assumes the gNB maps the QoS flows to DRBs in 1:1 manner; multiplexing can be considered at later stage.

3. List of topics to be considered
We list some key items and issues in the handover procedures as proposed in Solutions 1 and 2. We notice the issues are common for both Solutions 1 and 2, therefore we propose common solutions for the issues.  
3.1 Common bearer identifier 
In EPS the same value of EPS bearer identity (EBI) is used as a common identifier to identify the EPS bearer context and PDP context (as identified by NSAPI) in the NAS layer, and also as E-RAB ID and RAB ID in the AS layer. Both the EPS bearer identifier and NSAPI are defined as integers with 11 possible allowed values (from 5 to 15) as specified in TS 24.007 and TS 24.008. TS 23.501 has not agreed the value range for 5QI, but it is likely to be a larger than what can be indicated by the EPS bearer identifier. This is also the case since some 5QI values will need to be reserved for type-A QoS flow. 

Observation 1: 

Since the 5QI scalar range in 5G is larger than EPS bearer identity range, it means it is not possible to use a common QoS flow/bearer/DRB identifier in 5G and EPS. 

3.2 Selection of QoS flows to be established in EPC
In EUTRAN to UTRAN handover when S3 interface is used the target SGSN maps the EPS bearers to PDP contexts 1-to-1 and maps the EPS Bearer QoS parameter values of an EPS bearer to the Release 99 QoS parameter values of a bearer context. 

Due to the limited address space for EPS bearer IDs in EPC, in both solutions it may be that not all QoS flows in 5GC can create a corresponding dedicated bearer in EPS. 

Observation 2:

The remaining QoS flows that cannot be accommodated in EPS, need to be either released or mapped to the EPS default bearer in the handover to EPS. 
(The same applies to the idle mode mobility but this paper focuses on connected mode handover). 

Proposal 1:

The source 5GS maps the remaining QoS flows that cannot be accommodated in EPS to the EPS default bearer in the handover to EPS. 
(Target EPS can decide to drop one or more dedicated EPS bearers among the list of EPS bearers as received from the source 5G system, e.g. due to a local policy or lack of radio resources).
Proposal 2:

A “match all” filter with the lowest precedence order must be assigned to the default QoS rule to ensure the Default QoS flow / EPS bearer is used after the handover for QoS flows that are not carried to EPC.
3.3 How to assign the EPS bearer ID for QoS flows?

In 5GC the Session Management operations are handled by SMF. There can be multiple active SMFs for the UE, these should be isolated from each other, e.g. belonging to different slices. SMFs are not aware of each other. As discussed, the EPS bearer ID must be available for gNB before the Handover takes place. In Solution 1 each Default QoS flow should have a corresponding EPS bearer ID. In Solution 2 each QoS flow to be carried to the EPS needs an additional EPS bearer ID. In both solutions only UE is able to coordinate between multiple PDU sessions and therefore the UE should create the EPS bearer ID. To follow similar the principles as in In EUTRAN to UTRAN handover, the network should indicate the EPS “negotiated QoS” parameters (e.g. QCI, MBR/GBR) to the UE at the QoS flow setup.
Proposal 3
UE assigns the EPS bearer ID at the time of QoS flow setup. Network indicates the EPS “negotiated QoS” parameters (e.g. QCI, MBR/GBR) to the UE at the QoS flow setup.

It is FFS whether the gNB needs to be aware of the EPS bearer ID. 

3.4 How to select the QoS flows that are carried to the EPC?

The solution 1 maps only the default QoS flow(s) to the EPS bearer(s) during the handover, and dedicated EPS bearers can be created for rest of the QoS flows after the handover. The solution 2 can map several QoS flows to EPS bearers during the handover. In both solutions the number of QoS flows that can be carried to EPS is limited up to the maximum number of concurrent EPS bearers, i.e. 11. As discussed, the SMFs are not aware of each other, therefore the decision of which QoS flows are carried to EPS must be done in the UE.

Proposal 4
UE when the number of QoS flows exceeds the number of bearers that can be established in EPS, the UE decides which of the QoS will be carried to EPS. The UE does this by assigning the EPS bearer ID for the QoS flow at the time of QoS flow setup. For the QoS flows which do not have an EPS bearer ID, if it is not the default QoS flow, it will be aggregated to the Default QoS flow, or if it is a Default QoS flow, it will be dropped in handover. 
Proposal 5
UE should aim to assign an EPS bearer ID for all Default QoS flows, and for each GBR QoS flow. UE should not assign an EPS bearer ID for non-GBR QoS flow other than the Default QoS flow. Other selection details should be left up to UE implementation. 
It is FFS if mechanism should be supported for the UE to re-assign the EPS bearer IDs, e.g. when a QoS flow has been deleted, its EPS bearer ID could be assigned to another QoS flow. 
3.5 Clean-up of the inactive bearers in the UE and PGW
3.5.1  Clean-up of QoS flows which did not have EPS Bearer ID assigned in 5GC
In EUTRAN to UTRAN handover the target SGSN deactivates the EPS Bearer contexts which cannot be established after the handover. Any EPS Bearer contexts for which a RAB was not established are maintained in the target SGSN and the UE. These EPS Bearer contexts are de-activated by the target SGSN by triggering the Bearer Context deactivation procedure. If there are DRBs for which no radio bearers are established in the target RAT as indicated in the Handover Command to the UE, the E-UTRA RRC part of the UE does not indicate the release of the concerned DRBs to the upper layers. Upper layers may derive which bearers are not established from information received from the AS of the target RAT (Bearer Context Deactivation/RRC connection reconfiguration). 
Observation 3

In 5GC to EPC handover the Bearer Context Deactivation cannot be used in EPC for those QoS flows that did not have an EPS bearer ID assigned; this is because the address space of EPS bearer ID is not able to indicate the full list of DRBs / QoS flows that were active in 5G. 
Therefore the NAS layer clean-up must be done in two steps; the first step is done at the same time with AS layer clean-up, i.e. when the UE receives the Handover Command, it contains the list of E-RABs which are established in the target RAT, and AS layer needs to inform the upper layers on Handover. NAS layer then determines the QoS flows which did not have an EPS bearer ID assigned, and begins to send the UL traffic for the impacted non-Default QoS flows using the Default EPS bearer / E-RAB. The UE locally releases the impacted Default QoS flows. In similar manner, when the PGW receives the Modify Bearer Request from the MME, the PGW locally deletes the QoS flows that did not have an EPS bearer ID assigned, and it maps the impacted IP flows to the default EPS bearer.  

3.5.2  Clean-up of QoS flows which had EPS Bearer ID assigned in 5GC, but were not setup in EPC

The second step of the clean-up is done when the UE is in the target EPS; the MME initiates the Bearer Deactivation procedure and removes the EPS bearers which the target EPS did not have sufficient resources, or policy did not allow the bearer to be setup.     

Proposal 6
NAS layer clean-up is done in two steps; the first step is done at the same time with AS layer clean-up at reception of Handover Command for the QoS flows that did not have an EPS bearer assigned. UE aggregates the impacted non-Default QoS flows to the Default EPS bearer / E-RAB. The UE locally releases the impacted Default QoS flows. In similar manner, when the PGW receives the Modify Bearer Request from the MME, the PGW locally deletes the QoS flows that did not have an EPS bearer ID assigned, and it maps the impacted IP flows to the default EPS bearer.

The second step of the clean-up is done when the UE is in the target EPS; the MME initiates the Bearer Deactivation procedure and removes the EPS bearers for which the target EPS did not have sufficient resources, or policy did not allow the bearer to be setup.
2. Proposal

Proposal 1:

The source 5GS maps the remaining QoS flows that cannot be accommodated in EPS to the EPS default bearer in the handover to EPS. 

Proposal 2:

A “match all” filter with the lowest precedence order must be assigned to the default QoS rule to ensure the Default QoS flow / EPS bearer is used after the handover for QoS flows that are not carried to EPC.

Proposal 3:
UE assigns the EPS bearer ID at the time of QoS flow setup. Network indicates the EPS “negotiated QoS” parameters (e.g. QCI, MBR/GBR) to the UE at the QoS flow setup.

It is FFS whether the gNB needs to be aware of the EPS bearer ID. 

Proposal 4:
UE when the number of QoS flows exceeds the number of bearers that can be established in EPS, the UE decides which of the QoS will be carried to EPS. The UE does this by assigning the EPS bearer ID for the QoS flow at the time of QoS flow setup. For the QoS flows which do not have an EPS bearer ID, if it is not the default QoS flow, it will be aggregated to the Default QoS flow, or if it is a Default QoS flow, it will be dropped in handover. 

Proposal 5:
UE should aim to assign an EPS bearer ID for all Default QoS flows, and for each GBR QoS flow. UE should not assign an EPS bearer ID for non-GBR QoS flow other than the Default QoS flow. Other selection details should be left up to UE implementation. 

Proposal 6:
NAS layer clean-up is done in two steps; the first step is done at the same time with AS layer clean-up at reception of Handover Command for the QoS flows that did not have an EPS bearer assigned. UE aggregates the impacted non-Default QoS flows to the Default EPS bearer / E-RAB. The UE locally releases the impacted Default QoS flows. In similar manner, when the PGW receives the Modify Bearer Request from the MME, the PGW locally deletes the QoS flows that did not have an EPS bearer ID assigned, and it maps the impacted IP flows to the default EPS bearer.

The second step of the clean-up is done when the UE is in the target EPS; the MME initiates the Bearer Deactivation procedure and removes the EPS bearers for which the target EPS did not have sufficient resources, or policy did not allow the bearer to be setup.
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