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1
Introduction
RAN2 has agreed on a DRB based QoS treatment since RAN2#94. And at RAN2#95bis, we have made further progress as following [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.

· RAN can map multiple QoS flows to a DRB.

· 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.
· 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.

·  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)

· 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.


Besides the above progress, the following FFS issues are also identified at RAN2#95bis [1]:
FFS: Whether traffic from different PDU sessions can be mapped to one DRB or not.

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.

A lot of fruitful interim agreements have also been achieved at SA2#117[2]. Among these agreements, the important aspect of the flow mapping has been updated as:

	2.
U-plane marking for QoS is carried in encapsulation header on NG3 i.e. without any changes to the e2e packet header.

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.

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.


With the most updated achievement in RAN2 and SA2, this contribution will discuss on the flow mapping in NR, including flow to DRB mapping and flow mapping between PDU session and DRB.
2
Discussion
2.1 flow to DRB mapping
At RAN2#95bis, it has been agreed that RAN determines the mapping relationship between QoS flow and DRB for UL and DL. The left FFS issue is 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.  Actually either single level or two level can achieve mapping a flow to the correct DRB technically. The two level mapping is preferred considering the following aspects:
1.  Clear protocol design between NAS and AS: Per agreement 10.2.1 and 10.2.2 at SA2#117, the upper layer (e.g. NAS) performs NAS filtering and indicates the QoS marking which can identify the determined NAS-level QoS profile to AS. Based on the received QoS marking, it’s natural to let AS perform AS filtering to map the QoS flow (identified by the QoS marking) to the correct DRB. With this two levelled mapping, a clear split function can be ensured between NAS filtering and AS filtering.

2.  No requirement of TFT (packet filter) awareness in AS: With the two level mapping, NAS performs NAS filtering based on the packet filtering and QoS rule (per agreement 10.2.1) and AS performs AS filtering based on the received QoS marking from NAS. AS needs neither to parse nor to be aware of the packet filters.

3.  Less signalling overhead: When DRBs are established, the NAS-level QoS profile mapped on each DRB should be informed to UE at least for non-reflective QoS. With the two level mapping, the information will be QoS marking on each DRB. While with the single level mapping, the information should be TFT (packet filter) on each DRB. There’s no doubt that the TFT of 5 tuple consumes more signalling overhead.
Proposal 1: The two level mapping is preferred for flow to DRB mapping.
2.2 flow mapping between PDU session and DRB
One single UE may communicate with multiple APNs thus resulting multiple PDU sessions. With multiple PDU sessions in one single UE, the first question is:

Q1.Whether traffic from different PDU sessions can be mapped to one DRB or not?
A key goal of the QoS framework in the next generation system is to ease an independent evolution of core and access technologies. That’s also the reason why we abandon the end to end EPS bearer concept in LTE, for which the DRB in Uu can only be established/released according the one-to-one coupled EPS bearer information from core. If we establish separate DRBs for individual PDU sessions, the DRB management behaviour in RAN remains restricted by the established PDU sessions. This is contradictory to the aforementioned key goal. 
In addition, different flows from one single PDU session may require separate QoS treatment. If DRBs are assumed to be PDU session specific and can’t be shared by different flows from different PDU session even if they have the same or similar QoS requirement, the DRB needs to be established in RAN maybe tremendous. The large number of DRBs will complicate the scheduling and priority handling both in the nodeB and UE.
So for the sake of flexibility and better enforcement of QoS, upon receiving the QoS rules, how to establish DRB(s) should be up to RAN’s decision taking the radio resource usage, radio link condition and scheduling policies etc. into consideration. It’s better not to introduce any kind of mapping restriction between PDU sessions and DRBs. In other words, traffic from different PDU sessions can be mapped to the same DRB. For example, if two PDU sessions of a UE deliver the same kind of service with same or similar QoS rules, they can share the same DRB. It holds true even for default DRBs, i.e. different PDU sessions can be mapped to the same default DRB in the air interface. 
Neither the NG3 (called NG-U in RAN2) transport pattern nor the relationship between PDU session and NG3 transport has been decided in SA2. Assuming with one to one mapping between PDU session and NG3 transport for the convenience of elaboration, Fig.1 illustrates the QoS framework in next generation system, with DRBs shared by different PDU sessions.
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Fig.1 QoS framework in next generation system, with DRBs shared by different PDU sessions

Proposal 2: Traffic from different PDU sessions can be mapped to one DRB.
With multiple PDU sessions in one single UE, the second question is:

Q2. How to map flows between PDU sessions and DRBs?
Whether traffic from different PDU sessions can be mapped to one DRB or not, both RAN (gNB/evolved eLTE) and UE should be aware of the flow mapping between PDU sessions and DRBs. For example, the flow mapping information between PDU sessions and DRBs should be indicated to UE. The flow mapping between PDU sessions and DRBs will be discussed below for the case of traffic from different PDU sessions can be mapped to one DRB.
· Flow mapping for the downlink

DRBs are established up to RAN’s decision. Per agreement 10.1.1 at SA2#117, in the downlink, RAN binds flow to DRB based on the NG3 marking and the corresponding QoS characteristics (NAS-level QoS profile) provided via NG2 signalling, also taking into account the NG3 tunnel associated with the downlink packet. The NAS-level QoS profile can be identified by QoS marking. Assuming traffic from different PDU sessions can be mapped to the same DRB. When receiving DL packets, the UE should make sure to route the received DL packets to the correct PDU session. The only way to do it is to embed information of PDU session (e.g. PID which can identify a PDU session) to the packet over the radio. Besides, we propose to use the two levelled mapping for flow to DRB mapping. Then to support reflective QoS, the QoS marking should also be embedded in the DL packets to let the UE reflect the UL packets to the corresponding DRBs. 
· Flow mapping for the uplink

Per interim agreement 10.2.1 and 10.2.2 from SA2#117, when the upper layer finishing NAS filtering (10.2.1), the QoS marking will be indicated to AS (10.2.2). Assuming traffic from different PDU sessions can be mapped to the same DRB, when receiving UP packets, RAN (gNB/evolved eLTE) should make sure to route the received UL packets to the correct PDU session or said to the correct NG3 tunnel. Likewise, the only way to do it is to embed information of PDU session (e.g. PID which can identify a PDU session) to the packet over the radio. Besides, in the new QoS framework, it’s RAN’s responsibility to verify whether the flow is mapped to the correct DRB.  In addition, if using the two levelled mapping for flow to DRB mapping, the QoS marking should also be embedded in the UL packets to facilitate the verification.
Take the downlink transmission as an example, Fig. 2 below illustrates an exemplified format of the embedded information in the downlink packets. It should be noted that SA2 has not decided the coding of the QoS marking yet. If the coding of QoS marking itself can identify both the NAS-level QoS profile and the PDU session, then only the QoS marking needs to be embedded in the packet.
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Fig.2 An example of embedded information in the DL packets

Proposal 3: Information to identify the NAS-level QoS profile (e.g. QoS marking) and the PDU Session should be embedded in both uplink and downlink packets.
To perform the flow mapping discussed above, we propose to introduce a new UP protocol layer (Packet Data Association Protocol, PDAP) above PDCP which is illustrated in Fig.3. The QoS marking and PID discussed above should be embedded into the packets by PDAP, e.g. in the PDAP header.
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Fig.3 A new UP protocol layer PDAP for flow mapping
DRB concept was agreed to be kept to serve a set of packets requiring the same packet forwarding treatment. Take LTE UP protocol stack as an example, each DRB is associated with one PDCP entity, one RLC entity and one logical channel, which means that both PDCP and RLC are DRB specific protocol layer but not a common layer for all DRBs. While the flow mapping function is to distribute the packets from NG3 transport/upper layer in UE to DRBs or to aggregate the packets from DRBs to NG3 transport/upper layer in UE, which is a common function for all DRBs. For example, assuming with two levelled mapping, the flow mapping function in the transmitter includes at least AS filtering. With the performing of AS filtering, the packets from NG3 transport/upper layer in UE can be mapped to the correct DRB. The flow mapping function in the receiver includes at least routing the received packets from DRB to the correct PDU session. The receiver in the RAN side should also include the flow to DRB mapping verification function in addition. So it’s reasonable to introduce the said new UP protocol layer PDAP to accommodate this new function instead of embedding it in the DRB specific layers (e.g. PDCP).
And one more consideration worth to be mentioned is that evolved eLTE should support the new QoS framework for its ability to connect to the NextGen Core. The introduction of this new UP protocol layer PDAP needs no changes to the existing UP protocol layers (e.g. PDCP), which is definitely benefit for evolved eLTE to accommodate both legacy UEs and Next generation UEs. As illustrated in Fig.4, the introduction of PDAP makes eLTE connect to EPC and NextGen Core individually without mutual impacts.
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Fig.4 The introduction of PDAP benefits eLTE connecting to EPC and NextGen Core without mutual impacts
Proposal 4: A new UP protocol layer PDAP should be introduced to perform flow mapping.
4
Conclusion
In this contribution, the issue of flow mapping, including flow to DRB mapping and flow mapping between PDU session and DRB is discussed with the following proposals:
Proposal 1: The two level mapping is preferred for flow to DRB mapping.
Proposal 2: Traffic from different PDU sessions can be mapped to one DRB.
Proposal 3: Information to identify the NAS-level QoS profile (e.g. QoS marking) and the PDU Session should be embedded in both uplink and downlink packets.
Proposal 4: A new UP protocol layer PDAP should be introduced to perform flow mapping.
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