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1   Introduction
The QoS flow based QoS mechanism was discussed in RAN2. In this document we will discuss the NR DC architecture with QoS flows.
2   Background

· QoS in NR[1]
AS provides the QoS flow to RAN and RAN determines the QoS flow to DRB mapping. A NG-U tunnel is setup per PDU session. In the downlink, the RAN maps QoS Flows to DRBs based on NG3 marking (QoS Flow ID) and the associated QoS profiles. In the uplink, the UE marks uplink packets over Uu with the QoS flow ID for the purposes of marking forwarded packets to the CN. 
A new user plane Access Stratum protocol layer (SDAP) above PDCP per PDU session is responsible for the functions introduced in the UE and RAN for the new QoS framework, including:

•
QoS flow to DRB mapping; 

•
QoS-flow-id marking in DL packets;

•
QoS-flow-id marking in UL packets.
· DC in LTE

In LTE, the DC architecture is introduced [2]. In DC, the radio protocol architecture that a particular bearer uses depends on how the bearer is setup. Three bearer types exist: MCG bearer, SCG bearer and split bearer. 
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Figure1 Radio Protocol Architecture for Dual Connectivity in LTE
3   Discussion

In NR, the QoS flow is transparent to the RLC layer because the SDAP entity will map the QoS flow to DRB and the QoS flow id is invisible to RLC. Therefore, the QoS flow to DRB mapping in RAN has no impact to the Split Bearer (3C architecture). 
Observation1: 3C architecture in LTE can be reused in NR DC without impact from QoS flow to DRB mapping.
For the MCG to SCG or SCG to MCG, the QoS flow to DRB mapping is needed and some analysis about concerned impacts will be provided below.
In the 1A architecture of Dual Connectivity, both Master gNB and Secondary gNB will have a NG-U connection with the NGC. In NR, the NG-U tunnel is setup per PDU session which is different to the GTPU tunnel per EPS Bearer in LTE. If the QoS flows are split per PDU session, i.e. all the QoS flows of one PDU session are routed to one gNB, there will be only one NG-U tunnel for the PDU session between RAN (Master gNB or Secondary gNB) and NGC. But if some of QoS flows of one session are transferred through Master gNB and other QoS flows of the session are transferred through Secondary gNB (i.e. PDU session split), the tunnels of this session should be setup between the NGC and Master gNB as well as between the NGC and Secondary gNB. Therefore, multiple tunnels needs to be established for one PDU session in the PDU session split scenario. As depicted in the Figure 2, both Tunnel 1 and Tunnel 2 are established for the PDU session1 because the PDU session split occurs i.e. the QoS flow1 and QoS flow2 of PDU session1 are delivered to UE through Master gNB and QoS flow3 of PDU session1 is delivered to UE through the Secondary gNB.
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Figure 2 Multiple tunnels for one PDU session
Proposal 1:  Multiple tunnels should be established for one PDU session in PDU session split scenario. 

As in LTE DC, the Master gNB decides whether to remove QoS flows of one PDU session to Secondary gNB, and it will trigger the tunnel establishment for Secondary gNB. The tunnel can be established during the PDU session setup procedure or when the Master gNB decides that the QoS flow needs to be removed to Secondary gNB. The Master gNB should inform NGC to setup the tunnel for the PDU session between the NGC and Secondary gNB.
Proposal 2: Master gNB should inform the NGC to setup a secondary tunnel of one PDU session for Secondary gNB for PDU session split scenario.
The Master gNB should determine which QoS flows should be removed to the Secondary gNB based on its RRM policy or load status as did in LTE. The Master gNB can remove part of QoS flows of one DRB or all the QoS flows of one DRB to the Secondary gNB. It should not limit the Master gNB to remove all the QoS flows of one DRB at a time to the Secondary gNB which is lack of flexibility, e.g., only part of QoS flows need to be removed to Secondary gNB sometimes. 
Proposal 3: Master gNB can remove part of or all the QoS flows of one DRB to Secondary gNB at a time.
Master gNB should inform the NGC routing information about the QoS flows relocation between the two gNBs, i.e. remove some QoS flows to Secondary gNB. The NGC will route the packets of the QoS flow to the right tunnel according to the QoS flow relocation information from Master gNB. As depicted in Figure 2, the Master gNB removes the QoS flow1 to Secondary gNB. The NGC will route the QoS flow1 to Tunnel2 towards Secondary gNB.
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Figure 3 Remove QoS flow from MgNB to SgNB
Proposal 4: Master gNB should inform the NGC QoS flows relocated to Secondary gNB.
When the Master gNB wants to remove some QoS flows to the Secondary gNB, the QoS profiles of QoS flows should be sent to the Secondary gNB for the radio resource preparation in Secondary gNB. E.g. these QoS profiles are contained in the SgNB ADDITION REQUEST message.
Proposal 5: QoS profiles of the QoS flows will be removed to Secondary gNB should be sent to Secondary gNB for resource preparation.
In NR, the SDAP layer above PDCP per PDU session is responsible for QoS flow to DRB mapping. The SDAP of Master gNB should be in charge of the QoS flow to DRB mapping within the Master gNB and The SDAP of Master gNB should be in charge of the QoS flow to DRB mapping within the Secondary gNB. The QoS flow to DRB mapping relationship for the SCG QoS flows in Secondary gNB can be determined by Secondary gNB, because the Secondary gNB can generate the QoS flow to DRB mapping according to its policy freely as long as the requirements of the QoS flows moved from Master gNB will be met.
Observation2: SCG QoS flows to DRB mapping relationship can be determined by Secondary gNB.
In UL, UE will map the packets of one QoS flow to the DRB according to the QoS flow to DRB mapping relationship configured by gNB. If the SCG QoS flow to DRB mapping is determined by the Secondary gNB, the Secondary gNB should send the UL SCG QoS flow to DRB mapping relationship to UE through the Master gNB.
Observation3: Secondary gNB should send UL SCG QoS flow to DRB mapping relationship to UE through Master gNB when the mapping relationship is determined by Secondary gNB.
4   Conclusion
Based on the discussion in this paper, we propose the following proposals:
Observation1: 3C architecture in LTE can be reused in NR DC without impact from QoS flow to DRB mapping.
Proposal 1:  Multiple tunnels should be established for one PDU session in PDU session split scenario.
Proposal 2: Master gNB should inform the NGC to setup a secondary tunnel of one PDU session for Secondary gNB in PDU session split scenario.

Proposal 3: Master gNB can remove part of or all the QoS flows of one DRB to Secondary gNB at a time.
Proposal 4: Master gNB should inform the NGC QoS flows relocated to Secondary gNB.
Proposal 5: QoS profiles of the QoS flows will be removed to Secondary gNB should be sent to Secondary gNB for resource preparation.
Observation2: SCG QoS flows to DRB mapping relationship can be determined by Secondary gNB.
Observation3: Secondary gNB should send UL SCG QoS flow to DRB mapping relationship to UE through Master gNB when the mapping relationship is determined by Secondary gNB.
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