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1   Introduction
Flow-based QoS is one of the scope of the WID. In this paper, we go through the corresponding agreements made for NR, and analyse the overall impact on E-UTRAN.
2   Discussion
2.1   Current understanding of flow-based QoS framework for NR
Based on the agreements achieved in RAN2 as listed in the annex, the 2-level QoS mapping architecture is used in 5G, in which the NAS layer provides the TFTs to UE to map IP flows to QoS flows, and RAN provides the mapping relation between QoS flows and DRBs. The overall QoS management framework is shown in Figure 1, which could be summarised as below:
1. During the session establishment procedure for a certain UE, 5GCN provides the UE NAS-level QoS rule through NAS signalling, and provides AS level QoS profile to RAN through NG-C procedure. After the session created, a per session GTP-U tunnel is established in NG-U for this session, and QoS flows are transmitted in the tunnel with related QoS flow ID (QFI) marked in GTP-U header.
2. RAN maps the QoS flows of the session to DRB(s) based on their QoS profiles, which should be performed in SDAP layer, then the packets belong to one DRB is transferred to PDCP layer and lower layers as LTE for DL data. For UL data, UE needs to know the mapping between QoS flow and DRB. Regarding whether the NAS level QoS rule and AS level QoS rule is configured as reflective to a QoS flow, RAN may need to inform UE the according AS level QoS profile through RRC signalling or send DL packet over the DRB with Reflective QoS Indication (RQI), such as in the SDAP header. 
3. In UE side, similar functions are performed in SDAP layer, such as for UL data, QoS flow ID is marked(no matter the QoS rule is configured or reflective), and QoS flows are mapped into one or multiple DRB(s). 
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Figure1. Overall flow-based QoS framework for Downlink and Uplink

To sum up, the QoS flow framework and according principles agreed for NR are applicable for E-UTRA connected to 5GC, and by introducing the SDAP layer, the LTE PDCP layer(if used) is protected from the impact of new QoS management framework.
Observation: SDAP can be applied for E-UTRA connected to 5GC.
Proposal 1: The QoS framework principles agreed for New RAN should be applied for E-UTRA connected to 5GC, and same SDAP layer is introduced to support flow based QoS framework.

2.2   Impact on E-UTRA connected to 5GC
The general impacts on E-UTRA connected to 5GC could be summarized in the Table 1.
Table 1: The Impact on E-UTRA to support 5G QoS flow-based framework
	
	NG interface
	RAN operation
	RRC layer operation
	SDAP layer operation

	QoS flow is not reflective
	NG-C:

RAN received a PDU session establishment/ QoS flow modification message over NG-C, which includes AS QoS profile of this session and NAS QoS rules embedded in a NAS message for UE.
NG-U:

In the GTP-U tunnel built for the session, RAN receives DL packet with QoS Flow ID (QFI) 
	RAN decides how to map the QoS flows of the session to DRBs and setup DRBs for UE.
RAN forward the NAS message to UE.
	Configure corresponding DL and UL DRBs for the QoS flows of the session.
Explicit RRC re-configuration should be used to provide mapping information to the UE.
	Do not need mark QFI in SDAP PDU.

	QoS flow is reflective
	NG-U:

For an existent session, RAN receives DL packet over NG-U interface with QoS Flow ID (QFI) and for which Reflective QoS Indication (RQI) is set.
	RAN decides to map this QFI to an existent DRB or establish a new DRB for it.
For the AS reflective QoS it is up to the RAN to decide when to update the mapping rules.
	May need to setup a new DRB for the UE.
Explicit RRC re-configuration and/or AS reflective QoS, should be used to provide mapping information to the UE.
	Mark the QFI and RQI in SDAP PDU based on QoS mark in NG-U header, so that UE can get the mapping relations of DRB<->QoS flow, and QoS flow<->TFTs for UL.

	New QoS parameter, e.g. “averaging window”
	NG-C:

RAN received the new QoS parameter from 5GC on NG-C.
	The RAN may use this parameter in its scheduling decision e.g. to enforce MBR and GRB (which may be implementation).
	The value of average window may need to be indicated to the UE to help enforce UL MFBR per GBR QoS flow, via NAS or AS signalling, referring to the analysis in [1] .
	No extra action needed.

	Support of the mode without SDAP header
	
	
	Perform configuration per DRB.
	If configured, FFS how the different fields are handled.

	General configuration
	
	
	The gNB indicates to UE using RRC signaling the default DRB for a PDU session.
	


Proposal 2: LTE RRC needs to be enhanced to configure UE SDAP configuration, default DRB for each PDU session, AS level QoS rules(such as the mapping relation between QoS flows and DRBs for DL and UL), as well as reflective QoS.
2.3   Other QoS related aspects
Support flow-based QoS framework in DC scenario
In LTE, as shown in Figure 2, there are three kinds of bearers are defined, which are MCG bearer, SCG bearer and Split bearer. For Split bearer, the data flow is split in PDCP layer of MeNB, and transmitted through X2 interface to RLC layer of SeNB. 
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Figure 2. Radio Protocol Architecture for Dual Connectivity [2]
Since the new SDAP layer is added above PDCP layer, some issues should be discussed:

Issue1: for split bearer which node should have the responsibility to determine on which QoS flow is routed via M-ng-eNB while which QoS flow is routed via S-ng-eNB?
It is agreed for NR that the MN makes the decision to move ongoing/existing QoS flows to the SN (this agreement does not imply whether the QoS flow is moved by moving a single flow or by moving a whole bearer)
Issue2: for SCG bearer which node is responsible for the DRB establishment and the mapping between QoS flows and DRB at the S-ng-eNB?

It is agreed for NR that the SN is responsible for the DRB management (e.g., setup, modify, release) of SCG/SCG-split bearers, and the QoS flow -> DRB mapping at the SN
Besides, RAN2 has agreed that in the case of NR/NR DC where different QoS flows of the same PDU session are mapped to MgNB and SgNB then there is one SDAP entity in the MgNB and one in SgNB for that PDU session.
Therefore, we can assume that the protocol stacks for NG-LTE DC is like the Figure 3.
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Figure 3. Radio Protocol Architecture for Dual Connectivity in NG-LTE
However, there are still open issues discussed in NR [3], such as whether QoS flow remapping will happen upon bearer type change? We can wait until NR has agreements on it.
Proposal 3: The detailed changes on LTE DC can be discussed later once NR has agreements on it.
Support flow-based QoS framework during intra/inter-system handover
For the handover between EPC and 5GC, we should consider how to handle the mapping between flow based QoS and EPS bearer mechanism. 

For the handover within 5GC, the question is how to handle data forwarding (which may have more impact on Xn interface) and support Flow based QoS remapping. 

NR also has these issues.

Proposal 4: The details on how to support flow based QoS for intra/inter system handover can be discussed later once NR has agreements on it.
3   Conclusion
In this paper, we go through the corresponding agreements made for NR, and analyze the overall impact on E-UTRAN.
Observation: SDAP can be applied for E-UTRA connected to 5GC.
Proposal 1: The QoS framework principles agreed for New RAN should be applied for E-UTRA connected to 5GC, and same SDAP layer is introduced to support flow based QoS framework.

Proposal 2: LTE RRC needs to be enhanced to configure UE SDAP configuration, default DRB for each PDU session, AS level QoS rules(such as the mapping relation between QoS flows and DRBs for DL and UL), as well as reflective QoS.
Proposal 3: The detailed changes on LTE DC can be discussed later once NR has agreements on it.

Proposal 4: The details on how to support flow based QoS for intra/inter system handover can be discussed later once NR has agreements on it.
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Annex: agreements on QoS for NR
In RAN2, the following QoS-related agreements were made for NR.

	1. A new user plane AS protocol layer (e.g. PDAP) above PDCP should be introduced to accommodate all the functions introduced in AS for the new QoS framework, including:

-
QOS flow->DRB routing; 

-
QoS-flow-id marking in DL packets;

-
QoS-flow-id marking in UL packets.

2. The new protocol layer is applicable for all cases connecting to the 5G-CN

3. Single protocol entity is configured for each individual PDU session.
4. RAN2 to confirm that the timing of non-default DRB establishment (RAN to UE) for QoS Flow configured during PDU Session Establishment could be done NOT at the same time as PDU Session Establishment. (up to eNB implementation)

5. Working assumption from RAN2#96 is confirmed. i.e. First UL packet that doesn't have a mapping to a DRB, is mapped to a default DRB.
6. NR/NR DC should support that different QoS flows of the same PDU session can be mapped to MgNB and SgNB. 

7. In the case of NR/NR DC where different QoS flows of the same PDU session are mapped to MgNB and SgNB then there is one SDAP entity in the MgNB and one in SgNB for that PDU session.

RAN2 understand that support of this behaviour is still under discussion on SA2.


Note: PDAP layer was renamed as SDAP (Service Data Adaptation Protocol) layer in RAN2 #97bis meeting.

	Agreements

1: 
From RAN2 perspective the existing QoS parameters, and in particular the concept of QCI/5QI to abstract QoS requirements between CN and RAN should be maintained in NR/NGC.

2
RAN2 sees a benefit in providing a “averaging window” as new QoS parameter via N2. The RAN may use in this parameter in its scheduling decision e.g. to enforce MBR and GRB.

3: 
No additional parameters are recommendation to SA2.

4
RAN2 to ask SA2 to clarify the use and corresponding actions from CN related to the notification control to CN, if the QoS targets cannot be fulfilled in RAN


	Agreements of SDAP headers

1.
The QoS flow ID is presence once the AS reflective QoS is active.  FFS whether it is always present.    

2.
gNB should be informed when NAS layer reflective QoS is activated (e.g. can be used).  It is FFS how we handle NAS reflective QoS and dependent on how/when it will be provided.

3.
RAN2 will support a mode in which SDAP header is not present and is configured per DRB.  If configured, FFS how the different fields are handled.  


	Agreements for DC
1
At SN addition and at new PDU session establishment then MN makes the decision which QoS flows are moved SN

FFS Whether the SN can reject the movement of a QoS flow.

2
Irrespective of which node makes the decision of where a QoS flow is mapped (to MN or SN) then RAN2 will aim that the RRC signalling is the same.


	Agreements for DC
1: The MN makes the decision to move ongoing/existing QoS flows to the SN (this agreement does not imply whether the QoS flow is moved by moving a single flow or by moving a whole bearer)

FFS Whether MN or SN takes the decision for flows being moved from SN to MN

2: The SN can reject the addition of a QoS flow, and inform the MN.

3: The DRB level offloading (i.e. offloading all QoS flows of a DRB) is supported between the MN and SN. 

FFS: The QoS flow level offloading between the MN and SN, and if supported then whether lossless handover can be supported.

4: The lossless handover user plane procedure could be reused for DRB level offloading, if mapping is maintained in the target node.

FFS: If the case where mapping is not maintained can support lossless handover

5: The SN is responsible for the DRB management  (e.g., setup, modify, release) of SCG/SCG-split bearers, and the QoS flow -> DRB mapping at the SN


	Agreements:

1.
There is a need to tell the UE that it has to update the mapping rule.   For the AS reflective QoS it is up to the RAN to decide when to update the mapping rules.  FFS on the details of the header format. 

2.
It is up to the RAN to decide when and which mechanism, explicit RRC re-configuration and/or AS reflective QoS, should be used to provide mapping information to the UE.

3.
A UE follows the latest QoS flow to DRB mapping information regardless of the fact whether it was explicit RRC or AS reflective QoS.

4.
Whether a SDAP header is present or not is configured by RRC per DRB

5.
The gNB indicates to UE using RRC signaling the default DRB for a PDU session.  

6.
RAN decides and configures the default DRB for a PDU session.  
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