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1
Introduction

In RAN2#95bis meeting, NR QoS and DRB management related issues were discussed and the following agreements were reached according to [1].
Agreements

1:
RAN determines the mapping relationship between QoS flow (as determine by the UE in UL or marked by the CN in DL) and DRB for UL and DL. 
1a
RAN can map multiple QoS flows to a DRB.
2
Specification will not forbid a GBR flow and non-GBR flow to be mapped to the same DRB, but we will not introduce mechanisms to optimise this case.

3
Specification will not forbid more than one GBR flow to be mapped to the same DRB, but we will not introduce mechanisms to optimise this case.
FFS: Whether traffic from different PDU sessions can be mapped to one DRB or not.

Agreements

1
Default DRB is established by eNB at PDU session establishment (or an existing DRB may be used if mapping of more than one session to a DRB is allowed)

2. 
If the first packet of the flow is UL packet, if no mapping rule is configured in the UE, the packet is sent through default DRB to the network. 

FFS How and when the network can remap the flow to more appropriate DRB.

FFS the first packet is handled in the case that pre-authorised QoS is configured

FFS whether the pre-authorised QoS applies to RAN or only to the UE.

FFS whether there is a single level of mapping from UL TFT (5 tuple) to DRB, or whether there is a 2 level mapping from UL TFT to QoS flow and then from QoS flow to DRB.

Based on the above agreements, we provide analysis on some open issues for further study.
2
Discussion
1.1 On flow aggregation and separation 
As the agreement of last RAN2 meeting indicated, RAN can map multiple QoS flows to one DRB, and thus in DL direction, the UE as the receiver needs a way to differentiate QoS flow traffics from the same DRB. Similarly, RAN as the receiver should be able to separate QoS flow traffics from the same DRB in UL direction.
In DL direction, technically TFT (at the UE) can be used to separate traffic from a DRB into QoS flow traffic. However it will introduce more complexity to configure TFT, if the receivers rely on TFT to separate QoS flow traffic. Moreover the agreements made by SA2 in [2] indicate that RAN indentify the QoS flow traffic received from CN by QoS marking instead of TFT in downlink.  It’s natural that UE as the receiver to separate QoS flow traffic according to in-band “QoS marking” information at air interface. 
In UL direction, the gNB as the receiver of air interface should be able to separate traffic received over the air interface into QoS flow traffic for at least two reasons. Firstly the gNB needs to set the flow level QoS marking in NG3 interface. Secondly the gNB needs to monitor the QoS guarantee condition at flow level. Following the DL operation where the gNB differentiates QoS flow according to QoS marking, it’s natural that the gNB separates QoS flow according to QoS marking information in UL direction.
Proposal 1: for both UL and DL direction, QoS information should be signalled over air interface to assist the receiver in separation of received data into QoS flow traffic.  

If proposal 1 is agreeable, there are two options to be considered for QoS information delivery over the air interface. Which are,
Option 1: using control plane signalling

Option 2:  using user plane in-band signalling

It was agreed that the RAN determines the mapping relationship between QoS flow and DRB for UL and DL. The RAN may decide to map multiple QoS flows to a DRB in some cases while in some other cases RAN may decide to have 1-to-1 mapping between QoS flow and DRB (eg. GBR flow). When 1-to-1 mapping between QoS flow and DRB is conducted, Option 1: where the use of control plane signaling in delivery of QoS flow information provides the most optimal solution with least signaling overhead over the air interface. 

If multiple QoS flows are mapped on to the same DRB (which is required in some use cases e.g. default DRB), the QoS flow information should be transmitted in-band together with the user plane traffic.  Therefore, both Option 1 and Option 2 are required. The RAN may configure whether control plane signaling or user plane in-band signaling is used for  signaling the QoS flow information over the air interface.
Proposal 2: whether to use control plane signalling or user plane in-band signalling for delivery of QoS flow information over the air interface is configurable by the RAN.

There are two possible approaches for the delivery of QoS flow information over the air interface using user plane in-band signaling.

Approach 1: Use the QoS marking defined by SA2 directly to be transmitted over the air interface.
Approach 2: Map the flow level information (e.g. including QoS-related and PDU-session-related information) to an air-interface-specific shorter index.

The intention of Approach 2 is to reduce the “Layer2 header” hence reducing the cost to carry “flow” information over air interface. However, some flow level information may be lost in Approach 2 thus resulting in loss of flexibility of dynamic flow to DRB mapping [3]. On the other hand, the use of allowing multiple PDU session flow traffic aggregation is not yet determined. If agreed the multiple PDU session flow aggregation would also require an indication of PDU session over the air interface. Therefore, we think both Approach 1 and Approach 2 should be studied as candidate solutions for delivering the QoS flow information over the air interface. 
Proposal 3: RAN2 studies how “QoS flow” information is carried through user plane in-band signaling over the air interface. 

1.2 Single layer vs Double layer mapping of UL traffic 
In UL direction transmission, UE internally needs to map “high layer” traffic to DRB and there are two possible options.
Option1: “Single layer” model. In this model, UE is configured with TFT to DRB mapping table. The TFT is per DRB configured, and UE handling is similar with the way in LTE to achieve traffic to EPS bearer mapping. In LTE this configuration is control by CN though NAS signaling, while in NR, our understanding is that “flow traffic” in AS should be identified by “flow ID” instead of e.g. IP header.
Option2: “Double layer” model. In this model, for the first layer on NAS, CN controls the “application traffic” to “flow traffic” mapping through TFT and NAS signaling, and after that the “flow traffic” is identified by QoS marking and PDU session ID. For the second layer on AS, RAN control the “flow traffic” to DRB mapping through for example configuring the mapping relation to UE. RAN separates the “flow traffic” by QoS marking and PDU session ID.
Our understanding is that the”Double layer” model is more aligned with the QoS framework agreed by SA2, which elegantly separate the QoS-related functions between AS and NAS. Besides, since in DL RAN already separate flow traffics through QoS marking, keeping the UL operation aligned with DL can reduce complexity. “Single layer” model would introduce a series of issues, e.g. who generates the TFT used in UL. If CN generates it, how CN knows the flows to DRB mapping determined by RAN. If RAN generates the TFT, how RAN gets the essential information (mostly stored in CN) to construct the TFT. And thus we propose RAN2 taking the ”Double layer” model as the basic working assumption of UL traffic to DRB mapping model for further study.
Proposal4: “Double layer” traffic to DRB mapping model in UL transmission is adopted as basic working assumption. 

1.3 On multiple PDU sessions traffic aggregation
The benefit to allow multiple PDU sessions traffic of same QoS aggregating in the same DRB is that the DRB number can be reduced. It is not clear how much PDU sessions may be activated at most in the future.  This will impact on how much DRB IDs and logical channel IDs need to be reserved in the specification.
From data forwarding point of view, both the UE and gNB need to separate PDU sessions traffic before deliver it to the next hop. In uplink transmission at NG3 interface, since different PDU session may be binding with different data forwarding tunnel, and gNB need to put PDU sessions traffic on the right data forwarding tunnel. Similarly in the DL, UE needs to distinguish PDU sessions traffic for different high layer entity of different application.
The PDU session information should be provided to the receiver. If traffic from different PDU sessions mapped on to the same DRB, the PDU session information should be delivered using in-band signalling. Otherwise, the PDU session information could be provided over the control plane signalling. 

a concern shown regarding the multiplexing of traffic from PDU sessions in the last meeting is when one PDU session is deactivated; it may bring complexity for the transmitter to remove corresponding PDU session packets which are already aggregated on a DRB to be transmitted. Otherwise, the receiver may receive the packets belonging to the PDU session which has already been deactivated. Similarly, the relocation of PDU session may have complications. However, if the PDU session ID is not reused immediately after deactivation or relocation of the PDU session, we think the concern raised on the multiplexing of PDU sessions on the same DRB could be mitigated.   More over the network could make the decision such that the deactivation or relocation of the PDU session could take place when the traffic on the PDU session is inactive. 
Proposal5: RAN2 evaluates whether the benefits of aggregating multiple PDU sessions traffic can outstand the costs it bring.

1.4 Relation between RB QoS and flow QoS
In LTE QoS model, radio bearer is regarded as the component of ERAB. EPC sends ERAB level QoS parameters to RAN in ERAB establishment and modification procedure. ERAB and EPS bearer is 1-to-1 mapping and the ERAB QoS parameters are identical with the corresponding EPS Bearer QoS parameters.

For NextGen system, flow level QoS parameters are adopted in NAS, and the attributes of flow level QoS parameters may be standardized or dynamically determined. RAN by itself determines how to guarantee flow level QoS in AS. Since RAN may aggregate multiple QoS flows into same radio bearer, the RAN internally needs a scheme to transform flow level QoS to RB level QoS. It is not clear whether the RB level QoS parameters are identical with flow level QoS parameters.
Moreover, the RB level QoS information may also need to communicate between UE and serving gNB through RRC, source gNB and target gNB for handover, master gNB and secondary gNB for dual connectivity support and master eNB and secondary gNB (and vice versa) for tight LTE –NR tight interworking support
In conclusion, a QoS framework at RAN is required in transforming the flow level QoS to RB level QoS which could be used for RAN functions/operations. 

Proposal6: RAN2 studies the QoS framework at RAN to transform flow level QoS to RB level QoS which could be used for RAN functions/operations.
3 Conclusion

In light of analysis in section 2 on NR QoS related open issues for further study, we propose RAN2  considering the following proposals:
Proposal 1: for both UL and DL direction, QoS information should be signalled over air interface to assist the receiver in separation of received data into QoS flow traffic.  

Proposal 2: whether to use control plane signalling or user plane in-band signalling for delivery of QoS flow information over the air interface is configurable by the RAN.

Proposal 3: RAN2 studies how “QoS flow” information is carried through user plane in-band signaling over the air interface. 

Proposal4: “Double layer” traffic to DRB mapping model in UL transmission is adopted as basic working assumption.
Proposal5: RAN2 evaluates whether the benefits of aggregating multiple PDU sessions traffic can outstand the costs it bring.

Proposal6: RAN2 studies the QoS framework at RAN to transform flow level QoS to RB level QoS which could be used for RAN functions/operations.
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