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Introduction
During NR RAN SI period, many aspects of NR QoS had been concluded in [1]. But there are also some open issues, e.g. when to include QFI (QoS Flow ID) in RAN PDU header and how to decide the precedence between reflective QoS and RRC configuration.
According to the SA latest TS [2], the following agreements regarding to NR QoS is captured and it has some impacts on RAN:
[bookmark: _Toc476480153]
5.7.5.4.2	Reflective QoS Activation via User Plane 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]When the 5GC determines to activate reflective QoS via U-plane, the SMF shall include a QoS rule including an indication to the UPF to activate User Plane with user plane reflective. When the UPF receives a DL packet matching the QoS rule that contains an indication to activate reflective QoS, the UPF shall include the RQI in the encapsulation header on N3 reference point. The UE creates a UE derived QoS rule when the UE receives a DL packet with a RQI (Reflective QoS Indication).
In this contribution, we discuss corresponding NR RAN QoS.
Discussion
QoS Flow ID
The 5G QoS flow is the finest granularity of QoS differentiation in a PDU session. A QoS Flow ID (QFI) is used to identify a QoS flow in the 5G system. The QFI is carried in an encapsulation header on N3 interface between 5G core and gNB. That is to say a packet from 5G core to gNB always carries a QFI in the downlink. And QFI is also needed for N3 in the uplink for the purpose of verification of UE QoS rules and PDU counting for support of charging.
Observation 1: QFI will be always carried in an encapsulation header on N3 interface both in downlink and uplink.
For uplink, QFI is decided by UE NAS layer through QoS rules. One option is that UL AS layer carries the QFI in L2 PDU header to transfer to gNB and finally encapsulated on N3 header. There is an exception, i.e. there is no need to explicitly carry QFI in RAN if gNB can determine the QFI according to semi static configuration of 1-to-1 mapping between QFI and DRB. That is to say, there are two ways to carry QFI information from UE to gNB:
· Control plane method: through RRC semi-static mapping configuration if it is 1-to-1 mapping between a specific QoS flow and DRB. Moreover in this DRB any dynamic mapping via reflective QoS should not be permitted. Always 1-to-1 mapping can guarantee gNB to derive correct QFI information ;
· User plane method: through L2 header to explicitly carry QFI field per packet;

Proposal 1: For uplink, when RRC configuration can guarantee always 1-to-1 mapping between a QoS Flow and a DRB, there is no need to carry QFI in L2 header.
Proposal 2: For uplink, when many-to-1 mapping between QoS Flows and a DRB or the DRB including QoS Flow (s) that activate reflective mapping, RAN L2 header should explicitly carry QFI field.
For downlink, QFI is needed when either NAS reflective QoS or AS reflective QoS is activated. For the other situation, from the RAN point of view, there is no need to know the QFI of one QoS flow by the UE. But from the perspective of NAS, it is FFS now whether UE always needs to know the QFI of each QoS flow especially in the case of NAS reflective QoS deactivation.
For downlink, there are also two ways to carry QFI information from gNB to UE, i.e. through explicit QFI field in L2 header or RRC signaling configuration when 1-to-1 mapping between a QoS Flow and a DRB. 
Table 1 The relationship between QFI field and uplink/downlink
	
	Uplink
	Downlink

	1-to-1 mapping configured by RRC
	No QFI field in L2 header
	No QFI field in L2 header

	Either NAS or AS reflective mapping activation
	Including QFI field in L2 header
	Including QFI field in L2 header

	Other situations
	Including QFI field in L2 header
	FFS and wait for SA2 progress


Proposal 3: For downlink, when RRC configuration can guarantee always 1-to-1 mapping between a QoS Flow and a DRB, there is no need to carry QFI in L2 header.
Proposal 4: For downlink, when either NAS or AS reflective mapping is activation, RAN L2 header should explicitly carry QFI field. It is FFS whether QFI will be included in other situations.
Reflective QoS 
NAS layer can use NAS reflective QoS function to optimize configuration of UE QoS rules and UE uplink filters. In the similar way, AS layer can also use AS reflective QoS function to optimize configuration of mapping relationship between a QoS flow and a DRB.
For NAS layer reflective QoS activation via user plane which means that gNB receives packets from N3 interface carrying RQI field, there are two fields that need to be carried by RAN L2 header, i.e. QFI and RQI.
Proposal 5: RAN L2 header should include at least two fields, i.e. QFI and RQI, to support NAS reflective QoS function if N3 interface carrying RQI field.
For AS reflective QoS function, to enable this reflective mapping, the RAN also needs to mark downlink packets over Uu with QFI field. Since both NAS reflective QoS function and AS reflective QoS function all need explicit QFI field in the downlink packets. RAN can’t use the presence of QFI field in the downlink as the activation indicator of AS reflective QoS function. Another specific indictor (e.g. 1 bit) in downlink PDU format will be defined as the activation indicator of AS reflective QoS via user plane. And the option of AS reflective QoS activation via control plane is proposed to discuss in RAN2. The gNB can configure UE which QoS Flow (s) or DRB (s) can activate reflective mapping function via RRC signaling rather than via UP PDU indicator.
Proposal 6: A specific indictor in downlink PDU format will be defined as the activation indicator of AS reflective QoS via user plane.
Proposal 7: It is discussed by RAN2 whether AS reflective QoS activation via control plane is needed or not.
In the uplink, the RAN may control the mapping of QoS Flow to DRB in two different ways: reflective mapping and explicit configuration by RRC.  The following two scenarios should be taken into account in the precedence of the RRC configured mapping and reflective QoS.
· Scenario 1: Reflective mapping is sent after RRC configuration. 
In first step the RAN configures UE the mapping of QoS Flow to DRB by RRC signaling in DRB establishment or modification procedure. In second step gNB decides to change the mapping, using reflective mapping is an easy way to reconfigure UE. Hence gNB sends the mapping through user plane reflective function. In this scenario, it is a natural result to consider reflective mapping to override RRC configuration.
· Scenario 2: RRC configuration is sent after reflective mapping
In first step there is no any mapping configuration about QoS Flow in DRB establishment or modification procedure. In the second step when the first downlink packet of that QoS Flow arrivals, gNB decides to use reflective mapping to inform the UE of uplink mapping of that QoS Flow. Hence reflective mapping is activated. In the third step when there need some modification of DRBs and mapping relationship, gNB sends the latest mapping of QoS Flow to DRB by RRC signaling to the UE. In this scenario, it is a natural result to consider RRC configuration to override reflective mapping.
From the above two scenarios, the common point is that the newest mapping information is applied by the UE. If network wants RRC configuration has the highest priority, gNB only needs to guarantee not to send reflective mapping information after RRC mapping configuration. If network wants to dynamically change the mapping, gNB can activate reflective mapping at anytime no matter whether there is any RRC mapping configuration or not.
Proposal 8: UE always applies the latest QoS flow to DRB mapping information either provided via RRC configuration or via reflective mapping.
Then next problem is how to synchronize the receiving order of mapping configuration at the UE and the network.  This can be left to the gNB implementation. Internal interaction between RRC layer and QoS layer should allow sufficient gaps between two configurations of mapping to eliminate confusion or ambiguity.
QoS Flow Remapping 
It is up to the gNB implementation on how to manage QoS Flow remapping. QoS Flow remapping can not be avoided completely, e.g. change a QoS Flow mapping from a default DRB to a specific DRB or change a QoS Flow mapping from one DRB to another DRB when DRBs addition/release procedure. Moreover reflective QoS mapping provides an effective way of dynamic remapping. If dynamic remapping is not supported and only semi-static mapping configuration is needed. RRC configuration could enable QoS flow to DRB remapping with small expenses of signaling overhead compared to remapping via reflective QoS. 
About remapping procedure, although gNB may try its best to trigger remapping procedure only when there is little data in QoS Flow  buffer, this will cause a certain limit to flexibility and there are still some cases that gNB can not cover. For example, gNB can not know exactly the situation of UE buffer for uplink QoS flow to DRB remapping. Hence related enhancements for lossless remapping should be considered if we will support remapping.
Proposal 9: QoS Flow remapping and related enhancements for lossless remapping procedure should be considered in RAN2.
Conclusion
Based on the analysis in section 2, it is observed:
Observation 1: QFI will be always carried in an encapsulation header on N3 interface both in downlink and uplink.
And we proposed:
Proposal 1: For uplink, when RRC configuration can guarantee always 1-to-1 mapping between a QoS Flow and a DRB, there is no need to carry QFI in L2 header.
Proposal 2: For uplink, when many-to-1 mapping between QoS Flows and a DRB or the DRB including QoS Flow (s) that activate reflective mapping, RAN L2 header should explicitly carry QFI field.
Proposal 3: For downlink, when RRC configuration can guarantee always 1-to-1 mapping between a QoS Flow and a DRB, there is no need to carry QFI in L2 header.
Proposal 4: For downlink, when either NAS or AS reflective mapping is activation, RAN L2 header should explicitly carry QFI field. It is FFS whether QFI will be included in other situations.
Proposal 5: RAN L2 header should include at least two fields, i.e. QFI and RQI, to support NAS reflective QoS function if N3 interface carrying RQI field.
Proposal 6: A specific indictor in downlink PDU format will be defined as the activation indicator of AS reflective QoS via user plane.
Proposal 7: It is discussed by RAN2 whether AS reflective QoS activation via control plane is needed or not.
Proposal 8: UE always applies the latest QoS flow to DRB mapping information either provided via RRC configuration or via reflective mapping.
Proposal 9: QoS Flow remapping and related enhancements for lossless remapping procedure should be considered in RAN2.
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