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1
Introduction
QoS framework is one of the important key issues in SA2. Although with no final decisions, as the most promising way forward, the flow based QoS framework is widely discussed with a lot of fruitful interim agreements in SA2[1]. The agreements are listed in the Annex for convenient reference.
The QoS issue was also discussed in the past two RAN2 meetings with the following agreements [2]:

	-
The "data radio bearer" (DRB) defines the Over-The-Air packet treatments in the RAN.
-
A DRB serves a set of packets requiring the same packet forwarding treatment, e.g. reliability, target delay, etc.
-
A separate DRB is defined for each different packet forwarding treatment required.
-
For DL for a non-GBR flow, the eNB sees an indication over NG-u and based on the indication the eNB maps the packet to a DRB of an appropriate QoS.
-
RAN2 understanding of SA2 agreements is that eNB has a QoS profile associated with the indication.
-
FFS whether there is a requirement for every different QoS indication to be mapped to a different radio bearer.
-
Functionality is required to differentiate flows from different PDN-connections over the radio interface (e.g. by using separate DRBs or by an explicit indication in a header).
-
For DL, the eNB establishes DRBs for the UE taking the QoS profiles in to account.
-
FFS how the DRB is established in the first packet is an UL packet.
-
FFS whether there is a requirement for GBR flows and non GBR flows to be mapped to different DRBs.


Based on these achievements, a companion contribution about the major impact of QoS on control plan is presented in [3]. In this contribution, the impact of QoS on user plane about the flow association between PDU session and DRB (i.e. the yellow highlighted issue in the above table) will be discussed.
2
Discussion
Before discussion, it should be noted that the definitions/terminologies used in SA2 and RAN2 are not aligned yet. Please turn to our companion contribution [3] for reference. And the discussion here applied to both NR and eLTE as well.
As indicated in the yellow highlighted issue above, to differentiate flows from different PDN-connections (called PDU session in SA2), there may be two possible ways:
Alt.1 Use separate DRBs for individual PDU sessions;
Alt. 2 Introduce an explicit indication in a header over the radio interface;
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, one single UE may communicate with multiple APNs thus resulting multiple PDU sessions. And 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, one DRB can be shared by different PDU sessions. 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 1: DRBs can be shared by different PDU sessions.
With DRBs shared by different PDU sessions, to associate flow between PDU session and DRB, some kind of explicit indication should be introduced in a header over the radio interface (Alt.2 above). Per interim agreement 3a/3b/4 in SA2, QoS rules are provided to RAN. The content of QoS rule has not been decided in SA2 yet. Each QoS rule can be identified by some kind of identifier, e.g. QoS flow ID. The QoS flow ID is allocated by NextGen Core and is unique within the UE context. And according to the interim agreement 2 in SA2, since U-Plane marking (e.g. QoS flow ID) for QoS is carried in encapsulation header on NG3, the simplest way to perform flow association between PDU session and DRB is to make use of this QoS flow ID. Then the next question is how the association is carried out with this QoS flow ID.
A new UP protocol layer (Packet Data Association Protocol, PDAP) is proposed here to perform the association, which is illustrated in Fig.2. It should be noted that the UP protocol stack in the NR has not been decided yet that and the detailed protocol stack in Fig.2 is just an example based on the protocol stack in LTE. 
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Fig.2 A new UP protocol layer PDAP for flow association between PDU session and DRB
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 new function of ‘flow association between PDU session and DRB’ is to distribute the packets from NG3 transport to DRBs or to aggregate the packets from DRBs to NG3 transport, which is a common function for all DRBs. 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.3, the introduction of PDAP makes eLTE connect to EPC and NextGen Core individually without mutual impacts.
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Fig.3 The introduction of PDAP benefits eLTE connecting to EPC and NextGen Core without mutual impacts
With the new PDAP layer introduced, the flow association between PDU session and DRB is performed as below for DL and UL separately:
· DL association
According to the discussion in [3], the QoS flow ID to DRB mapping information will be stored in nodeB. Upon receiving a DL packet on NG3, the PDAP in the nodeB can distribute the packet onto the corresponding DRB based on the identified U-Plane marking (e.g. QoS flow ID) and the stored QoS flow ID to DRB mapping information. To inform UE the association between PDU session and DRB, the QoS flow ID needs to be included in the encapsulation header of DL PDAP PDU. As the QoS flow ID is unique in the UE Context, the receiving PDAP in the UE can uniquely identify the target PDU session according to the QoS flow ID contained in the PDAP PDU header and associates the DL data packet to the corresponding NG3 transport. Besides that, the QoS flow ID included in the PDAP PDU header can also be used for reflective QoS.
· UL association
For uplink packets, upon identifying the matching DRB for transmission according the discussion in [3], the PDAP in UE adds the QoS flow ID in the encapsulation header of each UL PDAP PDU. As the QoS flow ID is unique in the UE Context, the receiving PDAP in the nodeB can uniquely identify the target PDU session according to the QoS flow ID contained in the PDAP PDU header and associates the UL data packet to the corresponding NG3 transport.
Proposal 2: A new UP protocol layer PDAP and an explicit indication (e.g. QoS flow ID) in the PDAP header should be introduced for flow association between PDU session and DRB.
3
Conclusion
In this contribution, the impact of QoS on user plane about the flow association between PDU session and DRB is discussed with the following proposals:
Proposal 1: DRBs can be shared by different PDU sessions.
Proposal 2: A new UP protocol layer PDAP and an explicit indication (e.g. QoS flow ID) in the PDAP header should be introduced for flow association between PDU session and DRB.
3
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Annex

Interim agreements in SA2:
1
Support Reflective QoS over RAN under control of the network. The network decides on the QoS to applyon 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 implicit QoS rule. The packet filter in the implicit QoS rule is derived from the header of the DL packet.

Editor's note: It is FFS whether Reflective QoS indication is signalled via C-plane, or inband, or not signalled at all.
Editor's note: It is FFS whether implicit rules (derived via Reflective QoS) have higher or lower precedence order compared to explicitly signalled QoS rules.
2.
U-plane marking for QoS is carried in encapsulation header on NG3 i.e. without any changes to the e2e packet header.

3a.
A default QoS rule shall and pre-authorised QoS rules may be provided at PDU Session establishment to UE. 

Editor's note: The content of the QoS rule is FFS, including a possible change of the term to avoid confusion with PCC/QoS rules. It is FFS whether the QoS rule signalling to UE involves NAS or AS-level signalling.

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

3b. QoS rules can be (e.g. depending on access capabilities) provided at PDU Session establishment to the RAN using NG2 signalling.

4.
QoS Flow-specific QoS signalling via the C-plane is needed for GBR SDF.

5.
NG2 signalling related to QoS, outside of PDU Session establishment, corresponding to a pre-authorised QoS rule should be minimised for initiation, modification or termination of SDFs with no GBR requirements.

Editor's note: This is target for SA2, but the feasibility needs to be confirmed by RAN.

Editor's note: NG2 QoS related signalling for non-3GPP access is FFS.

6.
NG1 signalling related to QoS, outside of PDU Session establishment, corresponding to a pre-authorised QoS rule should be minimised for initiation, modification or termination of SDFs with no GBR requirements.

Editor's note: NG1 QoS related signalling for non-3GPP access is FFS.
7.
For the purpose of subscription and service differentiation, enforcement of UL rate limit per Service Data Flow and per PDU Session shall be done in a CN_UP, being a trusted point of enforcement in the network, handling all traffic of the PDU session.
Editor’s note: It is FFS which type of flows the CN_UP applies “per SDF”, “per PDU session” rate limitation on.

8.  The AN shall enforce a rate limit in UL per UE. 

Editor's note: It is FFS which type of flows the AN applies rate limitation on.

Editor's note: How to handle UL rate limitation per UE when the UE has access over non-3GPP AN and when the UE has access over multiple ANs including 3GPP and non-3GPP ANs is FFS

Editor's note: UL Rate limitation requirements for the UE is FFS.
9.
QoS Flow is the finest granularity for QoS treatment in the NG System.

10.1. 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. Packet filters are not used for binding of QoS Flows onto access-specific  resources in (R)AN.

10.2. UE binds uplink packets onto access-specific  resources based on information for binding uplink packets onto access-specific  resources provided explicitly by the access network and/or based on QoS rules (explicitly signaled or implicitly derived via reflective QoS).

Editor's note: It is FFS whether UE is aware of the QoS level / QoS profile associated with a QoS flow.
11. Some User plane markings are scalar values that have standardized QoS characteristics. 

12. Some User plane markings are scalar values that point to dynamic QoS parameters signalled over NG2.

13. Dynamic QoS parameters may include the following:

a. Maximum Flow Bit Rate
b. Guaranteed Flow Bit Rate.
c. Priority level
d. Packet Delay Budget
e. Packet Error rate.
f. Admission control. 

Editor’s note: Whether a certain parameter in bullet 7) applies to both bullets (#11 and #12) or only one of them (either bullet #11 or bullet #12) is FFS.

Editor’s note: Whether Priority Level is used for more than scheduling purpose is FFS.
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