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1   Introduction
In the last RAN2 #95bis meeting, general principles for flow to DRB mapping was discussed, and agreed as “RAN determines the mapping relationship between QoS flow and DRB for UL and DL. RAN can map multiple QoS flows to a DRB” [1]. In this document, we will discuss the further details of flow to DRB mapping and DRB configuration.

2   Background

Below are some interim agreements of SA2 on QoS framework [2], which are related to RAN:

1a.
Support Reflective QoS over RAN under control of the network. The network decides on the QoS to apply on the DL traffic and the UE reflects the DL QoS to the associated UL traffic. When the UE receives a DL packet for which reflective QoS should be applied, the UE creates a new derived QoS rule. The packet filter in the derived QoS rule is derived from the (i.e. the header of the) DL packet. For traffic that is subject to Reflective QoS the UL packet gets the same QoS treatment as the reflected DL packet. It shall be possible to apply Reflective QoS and non-reflective QoS on the same PDU session.
… 
3a.
A default QoS rule shall be provided at PDU Session establishment to UE.Pre-authorised QoS rules may be provided at PDU Session establishment to UE.

NOTE 1:
A pre-authorised QoS rule is any QoS rule (different from the Default QoS rule) provided at PDU Session establishment.

Editor's note:
QoS related signalling to the UE for non-3GPP access is FFS.

3b.
The NAS-level QoS profiles of the QoS rules provided at PDU Session establishment to the UE shall also be provided at PDU Session establishment to the RAN using NG2 signalling. QoS rules can be provided at PDU Session establishment to a NG AN based on non-3GPP access (e.g. depending on access capabilities) using NG2 signalling.

Editor's note:
It is FFS whether RAN needs to be aware which QoS rule is the Default QoS rule.

3c.
QoS rule consists of NAS-level QoS profile (A- or B-type), packet filters and precedence order.
…
10.1.1.
In the downlink the (R)AN binds QoS Flows onto access-specific resources based on the NG3 marking and the corresponding QoS characteristics provided via NG2 signalling, also taking into account the NG3 tunnel associated with the downlink packet. Packet filters are not used for binding of QoS Flows onto access-specific resources in (R)AN.

10.1.2.
When passing an UL packet from (R)AN to CN, the RAN determines the NG3 QoS marking and selects the NG3 tunnel based on information received from the Access Stratum.

NOTE 4:
How RAN maps QoS flows onto access-specific resources based on the NG3 marking is up to RAN WGs to decide.

10.2.1.
At the upper layers the UE matches the uplink packet to a QoS rule and binds the uplink packet to the NAS-level QoS profile (A- or B-type) of this QoS rule (explicitly signalled or implicitly derived via reflective QoS).

10.2.2.
When passing an UL packet from the upper layers to AS in the UE, the upper layers indicate to AS the NAS-level QoS profile (via the corresponding QoS marking), including information allowing the AS to identify the PDU Session.

10.2.3.
Conversely, when passing a DL packet from AS to the proper upper layer instance in the UE, it is the AS's responsibility to select the proper upper layer instance corresponding to the PDU Session. The AS also indicates the NAS-level QoS profile (via the corresponding QoS marking) to the upper layer instance.

NOTE 5:
The two bullets above do not make any assumption on the need for U-plane marking from RAN to the UE. That is up to RAN2 decision.
…

The names of interfaces defined in SA2 are not in line with the names of the corresponding interfaces defined in RAN. NG1 in SA2 equates to NAS in RAN. NG2 in SA2 equates to NG-C in RAN. And NG3 in SA2 equates to NG-U in RAN.
Some User plane QoS markings are scalar values that have standardized QoS characteristics (referred to as A-type QoS profile). The standardized QoS characteristics may consist of Priority level, Packet Delay Budget and Packet Error rate.
Some User plane QoS markings are scalar values that point to dynamic QoS parameters signalled over NG-C (referred to as B-type QoS profile). The dynamic QoS parameters may consist of Maximum Flow Bit Rate, Guaranteed Flow Bit Rate, Priority level, Packet Delay Budget, etc.

3   Discussion
3.1   Differentiation of PDU sessions
According to the discussions in SA2, the flows with same QoS may be divided into separate PDU sessions because of the difference of the connectivity requirements (e.g. session continuity) [2]. If the flows of different PDU sessions with the same QoS are mapped to one DRB in RAN, it may bring in more complexity to handle the mobility for the flows within one DRB which have different session continuity requirements, because the flows within one DRB may have different data forwarding requirements due to the different session continuity modes. According to the discussions in SA2, different sessions may have different backhaul type which has different transfer characteristic. It is easy to optimize the QoS in RAN for the E2E QoS if the DRB is session specific based on the various transmission characteristics of NG-U. For example, RAN can optimize the QoS implementation of RAN based on the different delay occurred due to the local PGW or remote PGW to accomplish the E2E QoS. 
Furthermore, if the flows from different PDU sessions are mapped to one DRB, an explicit indication in every packet is needed to differentiate sessions, e.g., for routing UL packets in RAN. Adding explicit indication in RAN to differentiate flows from different PDU sessions within one DRB will increase the overhead in radio interface. If one DRB only serves the flows from one PDU session, packets routing can be easily preformed based on DRB id and there is no need to add explicit indication in every packet.
Proposal 1: Network should be able to map flows of different PDU sessions onto separate DRBs.
3.2   Pre-authorized QoS

The pre-authorized QoS is introduced to reduce the signalling expense to distribute the QoS rules within the network entities. The pre-authorized QoS rules may consist of the QoS rules for some common or famous applications which have fixed and well-known NAS packet filters. The network may have policies associated to the UE subscription profile  that certain data flows are pre-authorized to obtain a specific level of QoS. This may be based e.g. on specific applications in the UE. According to the SA2 agreement [2], the pre-authorized QoS rules may be provided at PDU Session establishment to the UE and the pre-authorized QoS rules consist of NAS-level QoS profile, packet filters and precedence order. Then the UE can classify packets based on NAS level flow filters in the pre-authorized QoS rules and obtain the specific QoS profiles without the explicit QoS signalling. RAN should know the information of pre-authorized QoS to configure the flow to DRB mapping to serve the flow with pre-authorized QoS, and may also verify the QoS profiles used by UE. Furthermore, SA2 has agreed that the pre-authorized QoS profiles of the QoS rules provided at PDU Session establishment to the UE shall also be provided at PDU Session establishment to the RAN. 
Proposal 2: Pre-authorized QoS rules apply to RAN and UE.
3.3   Reflective QoS
In SA2, a reflective QoS mechanism is introduced for UL QoS control [2]. The network decides on the QoS rules to apply on the DL traffic and the UE reflects the DL QoS rules on the associated UL traffic. When the UE receives a DL packet for which reflective QoS mechanism should be applied, the UE creates a new derived QoS rule. The UL packet filter in the derived QoS rule is derived from the header of the DL packet. By means of reflective QoS mechanism, explicit signalling for the distribution of UL QoS rules to UE and the QoS profile of the UL QoS rules to RAN can be avoided, leading to significant reduction of the QoS signalling. 

It has been agreed that RAN should determine the flow to DRB mapping relationship. For the reflective QoS mechanism to work in RAN, the flow to DRB mapping should be the same as that of DL for the flow. UE should send the UL packets of a flow with reflective QoS to the same DRB where DL packets of the flow are received. It is possible that the flows with reflective QoS and flows with explicitly signalled packet filters are multiplexed on the same DRB.

Proposal 3: UE should send UL packets of the flow with reflective QoS to the same DRB where DL packets of the flow are received.

3.4   QoS mapping levels in UL

There are two levels of QoS mapping in UE. One is NAS level QoS mapping and the other is the AS level QoS mapping. The NAS-level QoS mapping includes a TFT filter and the AS-level QoS mapping involves flow to DRB binding. 
Proposal 4: There should be two levels of mapping, in which NAS-level QoS mapping includes a TFT filter and the AS-level QoS mapping involves flow to DRB binding.
3.5   Location of flow to DRB mapping function
There is proposal to implement flow-to-DRB mapping in NR-PDCP sub layer, as shown in Figure 1 [3]. 
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Figure 1: NR-PDCP internal architecture
Another option is to implement flow-to-DRB mapping function as a separate function in NR, as shown in Figure 2. 
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Figure 2: Separate QoS mapping function

Table 1: Comparison between options of flow to DRB mapping
	Options
	Pros
	Cons

	Option 1: PDCP layer implements flow to DRB mapping
	· No new layer of function is introduced.
	· PDCP operation is across multiple bearers.

	Option 2: flow to DRB mapping is implemented as a separate function
	· Future proof.  Hide potential new requirements from CN to avoid impact on L2 protocols.
	No?


Proposal 5: Flow to DRB mapping should be implemented separately from PDCP function.
4   Conclusion
Based on the discussions in this paper, we propose the following:

Proposal 1: Network should be able to map flows of different PDU sessions onto separate DRBs.
Proposal 2: Pre-authorized QoS rules apply to RAN and UE.

Proposal 3: UE should send UL packets of the flow with reflective QoS to the same DRB where DL packets of the flow are received.
Proposal 4: There should be two levels of mapping, in which NAS-level QoS mapping includes a TFT filter and the AS-level QoS mapping involves flow to DRB binding.
Proposal 5: Flow to DRB mapping should be implemented separately from PDCP function.
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