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1
Introduction

A couple of interim agreements have been made at the last SA2 meeting #117.

This document analyses one by one and draws conclusions.

A text proposal is provided in [1].
2
Discussion

2.0
As an introduction: Difference between EPS and 5G QoS handling

Legacy QoS Mapping / filtering

Figure 1 depicts the mapping of data (IP) packets to EPS bearers and to S1- and Data Radio Bearers as it is done in E-UTRA/EPC. The DL and UL packet filters on NAS level (TFTs) determine (based on source and destination IP Addresses and Port Numbers) in which bearer to carry each packet. 
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Figure 1: QoS Mapping in E-UTRA

QoS mapping/filtering in the NextGen CN

Flows instead of EPS bearers
Figure 2 shows the changes expected for the next generation CN according to discussions in SA2. Instead of mapping IP packets to EPS bearers, the Next Generation core network is supposed to group packets into flows. We expect that this may be done by packet filters similar to the TFTs defined in EPS, i.e., the next generation CN and the UE could ensure that all packets to and from, for example, the same IP/Port number tuple belong to a “flow”. On their way through the transport network each packet may be marked with some sort of “Flow ID”. In Figure 2 we denote these filters as “NAS filters”. 

Like in E-UTRA/EPC, the core network determines and applies the downlink filters locally and it may configure the UE by means of NAS signalling with a set of uplink “NAS filters”. 

Besides these explicitly configured uplink packet filters, SA2 discussed also a reflective QoS function. As a basic principle, the UE detects which DL packets appear in which DL flow and creates packet filters that identify corresponding uplink packets and map those to the same flow in UL direction. Hence no explicit NAS signalling to the UE is needed for configuring the “NAS” filters, which has large potential to decrease the control signalling for services where the filter criteria are subject to frequent changes. Explicitly adding and removing filters on port numbers and IP addresses could be avoided by such a mechanism.
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Figure 2: Mapping of (IP-)Packets to Flows

PDU Sessions instead of PDN Connections

Similarly to the PDN Connections in EPS the NextGen CN will support multiple PDU sessions per UE. Each PDU session is mapped to a separate transport network bearer in order to separate them even if the contained packets have an overlapping IP address range. Also the UE must be able to determine which IP packet belongs to which PDU session in order to route packets correctly. This may also need to be taken into account in the reflective QoS filtering.

Mapping of SDFs to NAS flows to DRBs

As explained in section 2.1, SA2 intends to perform the mapping from service data flows to “flows” in the CN and in the UE’s NAS layer. Hence, as shown in Figure 2, the RAN and the UE’s AS layer remain agnostic to IP/TCP/UDP port numbers and service data flows. SA2 reflected this intention as follows:

	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.


Observation 1 According to the SA2 design the Access Stratum in eNB and UE remain agnostic to IP/TCP/UDP port numbers and service data flows.

RAN2 already agreed that the “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”. The question in the last RAN2 meeting was how to achieve this. When following the RAN2 agreement that “RAN determines the mapping between QoS flow and DRB” and the principle to keep the Access Stratum agnostic to services, it has to be a two-step mapping as depicted in Figure 3. 
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Figure 3: 2-level mapping from UL NAS filters to QoS flow and then from QoS flow to DRB 
In Figure 3 the “AS filters” determine the DRB by just looking at the “flow ID” of the incoming packet, i.e., the AS layer does not need to be aware of services, traffic-flow-templates and address/port tuples. The NAS filters, on the other hand, determine the mapping from services to “flows ID” but do not need to be aware of DRBs. 

One should also remember that such 2-step mapping existed also in the EPS QoS concept: NAS handled the mapping from service data flows to EPS bearers and AS was responsible for mapping from EPS bearers to DRBs. However, in EPS the latter mapping was a pure 1:1 mapping whereas it may be a M:1 mapping in NR.

2.1
Analysis of latest SA2 Interim Agreements on QoS framework
The text below contains quotes from interim agreements as TR 23.799v110. Text in black and red are quotes, text in dark blue and light blue are discussions and conclusions, which are numbered along the interim agreements. Also text parts are quoted for which we haven’t seen the need to draw immediate, important or any conclusions. The same approach is taken for chapter 2.2.
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.

Editor's note:
It is FFS whether Reflective QoS indication is signalled via C-plane or inband.
Editor's note:
It is FFS whether derived QoS rules (derived via Reflective QoS) have higher or lower precedence order compared to signalled QoS rules.
Editor's note:
It is FFS whether Reflective QoS can be applied for every access network connecting to the NG Core.
Discussion 1a: Reflective QoS is primarily introduced to reduce packet filter related NAS signalling. The UE, receiving a DL packet for which no explicit QoS rule exists, “reflects” the QoS treatment in UL. In order to allow the UE to correlate DL and UL packets for reflecting QoS treatment, the UE would need to indicate a “flow identification” in UL. For that reason, flow identification is needed in DL.
Consequence 1a: Reflective QoS impacts the NG interface: a DL flow identification is needed. But the main functions are supposed to reside on the NGC and UE side.
1b
Reflective QoS can be used for non-GBR service data flows.

Editor's note:
It is FFS whether Reflective QoS can also be used for GBR service data flows.
2.
U-plane marking for QoS is carried in encapsulation header on NG3 i.e. without any changes to the e2e packet header.

Consequence 2: encapsulation header needs to be defined. It is assumed that this is part of RAN3 specification work.
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.

Consequence 3a/b: NG-C signalling is needed to establish PDU Sessions with one per-session default QoS rule and per-PDU-session pre-authorised QoS rules. The default QoS rule is valid for all packets not marked with specific QoS. A pre-authorised QoS rule is any non-default QoS rule.
3c.
QoS rule consists of NAS-level QoS profile (A- or B-type), packet filters and precedence order.

3d.
To a UE connected via NG RAN based on 3GPP access, the signalled QoS rules are provided using NG1 signalling. To a UE connected via NG AN based on non-3GPP access, the signalled QoS rules may be provided using NG1 signalling.

NOTE 2:
In this release it is assumed that UEs that access the NextGen CN over non-3GPP access utilise the 3GPP NAS signalling.

Editor's note:
The bullet 3d above is the working assumption made by SA2 and can be reviewed in case RAN groups identify a scenario where AS awareness of packet filters is required.
4.
GBR SDF shall be supported in the NextGen System and QoS Flow-specific QoS signalling via the C-plane is needed for GBR SDF.

Consequence 4: GBR QoS flow establishment needs explicit signalling on NG-C containing a specific QoS rule for the GBR QoS flow.
It can be deduced that for non-GBR QoS flow establishment no explicit NG-C signalling is needed, however, the New RAN has to have sufficient information to determine how to QoS-treat each user data packet. Default and pre-authorised QoS rules are only applicable for non-GBR QoS flows.
It can be further deduced, that only GBR QoS flows require admission control by the New RAN.
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 WG.

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

Discussion 5: In principle, default QoS and reflective QoS should be able to minimise NG-C signalling, however, it should be foreseen to modify default and pre-authorised and QoS rules and also addition and deletion of pre-authorised QoS rules. Minimising the use of such protocol functions can be regarded as an implementation issue.
Consequence 5: NG-C is expected to support modification of default and pre-authorised QoS rules and addition/deletion of pre-authorised QoS rules.
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.

7a.
For the purpose of subscription and service differentiation, enforcement of Max bit rate limits in UL and DL per Service Data Flow (SDF) shall be done in a CN_UP, being a trusted point of enforcement in the network. Rate limit enforcement per PDU session applies for flows that do not require guaranteed flow bit rate.
7b.
Max bit rate limit (MBR) in UL and DL per PDU session is enforced in CN_UP for flows that do not require guaranteed flow bit rate. For multi-homed PDU session, the PDU session MBR is enforced in each UPFs terminating the NG6 interface . The enforcement is done separately by each of these UPFs.
Editor's note:
It is FFS which type of flows the CN_UP applies "per SDF", "per PDU session" rate limitation on. It is FFS whether additional rate limit enforcement functionality is needed in the UP function.
NOTE 3:
AMBR per DN name is not supported.
8.
The AN shall enforce Max bit rate limit in UL and DL per UE for flows that do not require guaranteed flow bit rate.
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.

Consequence 8: NG-C shall support signalling of a rate limit in UL per UE.
9.
QoS Flow is the finest granularity for QoS treatment in the NG System. User plane traffic with the same NG3 marking value within a PDU session correspond to a QoS flow.
Discussion 9: We deduce from that a 2-staged UP hierarchy (PDU Sessions, consisting of QoS flows) as compared to the 1-staged UP hierarchy in EPS (EPS bearers). I.e. a PDU Session descriptor will contain a list of QoS rules. In case GBR QoS flows are established it also contains an explicit list of GBR QoS flows. This needs to be reflected on the NG (and the Xn) interface. How to mark a QoS flow on NG-U (e.g. flow ID or QoS treatment or both or …) needs to be further discussed.
Consequence 9: NG-C and Xn-C shall reflect a UE Context consisting of PDU Session descriptors containing a list of QoS rules and, in case GBR QoS flows have been established, a list of GBR QoS flow descriptors. NG-U needs to be further discussed.
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.
Consequence 10.1.1: NG-C signalling does not contain packet filters.
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.

10.2.4. For QoS-aware applications that use DSCP marking to indicate the requested QoS in the IP packet, a packet filter including the DSCP marking in the QoS rules provided by the CN_CP may be used for the purpose of binding to a specific QoS marking.
Editor's note:
It is FFS how to prevent potential abuse of DSCP marking by the applications in the UE (e.g. applications in the UE always using the highest DSCP marking).

10.3.
In case RAN decides that there is flexible (e.g. other than 1:1) mapping between NAS-level QoS profile and AS-level QoS, this mapping is transparent to the upper layers and has no impact on the NG3 marking. It is assumed that the access stratum will comply with the QoS characteristics associated with the NAS-level QoS profile.
NOTE 6:
It is up to RAN to define the AS-level QoS of DRBs and how uplink and downlink packets (with the associated QoS profile (A- or B-type) and the associated PDU Session information) are mapped to DRBs. It is noted that SA2 does not specify APIs between the upper layers and the AS. The use of terms such as "passing between upper layers and AS" is there only to clarify the responsibilities between SA2 and RAN2.
11.
Some User plane QoS markings are scalar values that have standardized QoS characteristics (referred to as A-type QoS profile).
12.
Some User plane QoS markings are scalar values that point to dynamic QoS parameters signalled over NG2 (referred to as B-type QoS profile).
NOTE 7:
The value of the QoS marking indicates the type of associated QoS profile (A- or B-type).
13.
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.
NOTE 8:
Parameters c, d), e) apply for both bullets #11 and #12. Parameters a), b), f) apply only to bullets #12.

NOTE 9:
Need for other parameters such as packet jitter is FFS.
Editor's note:
Whether Priority Level is used for more than scheduling purpose is FFS.
Editor's note:
It is FFS which of the parameters listed above need to be signalled to the UE.
Consequence 11 - 13: It is expected that NG-C will support signalling of QoS characteristics similar to QCIs in EPS (“A-type QoS profile”). But it is also expected, for the “B-type QoS profile”, that QoS characteristics may also be signalling in an explicit way as it is specified for 3G systems on Iu. Such “dynamic”, “B-type QoS profile” allows to signal QoS characteristics that are not pre-fixed by standard.
14.
QoS framework does not assume the need for NG3 tunnel per QoS flow.
15.
For non-guaranteed bit rate QoS flows corresponding to pre-authorized QoS rules, the UE sends UL traffic without any further NG1 signalling.

Editor's note:
How the UE indicates the QoS level is FFS.

16.
UE triggered QoS establishment for guaranteed bit rate QoS flows is based on explicit UE-requested QoS over NG1.
2.2
Analysis of latest SA2 Interim Agreements on Session Management
Interim agreements on Session Management and Service Continuity (Key Issue #4, 5 and 6) are as follows:

1.
The NextGen system shall support an UE establishing multiple separate PDU sessions, to the same data network or to different data networks, via 3GPP and Non-3GPP access networks at the same time In this case each PDU session is routed over only a single access network. The choice of the access to use for a PDU session is based at least on network policy, service requirements and user subscription
NOTE 1:
Support of WLAN integrated at RAN level is under RAN responsibility, and CN related aspects will be considered as needed based on RAN decision

NOTE 2:
The definition of policy for selecting the access to route the PDU Sessions (e.g. service requirements, user subscription, etc ) and how it is usedare FFS
Consequence 1: NG-C shall support establishing resources of multiple PDU Session signalling per UE.
2.
The NextGen system should support PDU sessions to the same data network where the traffic of a PDU session can be simultaneously carried over multiple access, and where one access is a 3GPP access and the other is a non-3GPP . The support will be handled in phase 2.

NOTE 3:
The definition of policy for selecting the access where to route the traffic of the PDU Session (e.g. service requirements, user subscription, etc) and how it is usedare FFS
3.
The NextGen system should support the ability to have multiple PDU sessions to the same Data Network and served by different UP functions terminating NG6.
Discussion 3: The RAN part of that discussion would be whether QoS flows of different PDU sessions are allowed to be mapped to the same DRB. One can easily determine that this would require the RAN to add in-band PDU Session indication in the DRB, which is an overhead which should be well justified.
Whether and how that is achieved is up to RAN2 to discuss.
Consequence 3: Whether mapping of QoS flows from different PDU Sessions to the same DRB is allowed is up to RAN2 to decide. No consequence on RAN3 owned interfaces is expected.
4.
The User Plane format in NextGen on NG3 and between UP functions shall at least support per PDU Session tunnelling, as described in clause 6.4.10. This applies to both non-roaming and roaming UP interfaces.

Editor's note:
The granularity of the tunnelling for non-3GPP accesses is FFS.
Editor's note:
Whether an additional tunnelling granularity variant will be supported for stationary UEs is FFS.
Consequence 4: NG-C shall support establishment of per-session Tunnels. Other variants are FFS.
4. The Asynchronous Session Management should be supported to minimise the UE and next Gen system signalling.

2.3
Summary of Consequences from Interim Agreements on QoS framework and session management and service continuity

QoS framework:

Consequence 1a: Reflective QoS impacts the NG interface: a DL flow identification is needed. But the main functions are supposed to reside on the NGC and UE side.
Consequence 2: encapsulation header needs to be defined. It is assumed that this is part of RAN3 specification work.
Consequence 3a/b: NG-C signalling is needed to establish PDU Sessions with one per-session default QoS rule and per-PDU-session pre-authorised QoS rules. The default QoS rule is valid for all packets not marked with specific QoS. A pre-authorised QoS rule is any non-default QoS rule.
Consequence 4: GBR QoS flow establishment needs explicit signalling on NG-C containing a specific QoS rule for the GBR QoS flow.
It can be deduced that for non-GBR QoS flow establishment no explicit NG-C signalling is needed, however, the New RAN has to have sufficient information to determine how to QoS-treat each user data packet. Default and pre-authorised QoS rules are only applicable for non-GBR QoS flows.
It can be further deduced, that only GBR QoS flows require admission control by the New RAN.
Consequence 5: NG-C is expected to support modification of default and pre-authorised QoS rules and addition/deletion of pre-authorised QoS rules.
Consequence 8: NG-C shall support signalling of a rate limit in UL per UE.
Consequence 9: NG-C and Xn-C shall reflect a UE Context consisting of PDU Session descriptors containing a list of QoS rules and, in case GBR QoS flows have been established, a list of GBR QoS flow descriptors. NG-U needs to be further discussed.
Consequence 10.1.1: NG-C signalling does not contain packet filters.
Consequence 11 - 13: It is expected that NG-C will support signalling of QoS characteristics similar to QCIs in EPS (“A-type QoS profile”). But it is also expected, for the “B-type QoS profile”, that QoS characteristics may also be signalling in an explicit way as it is specified for 3G systems on Iu. Such “dynamic”, “B-type QoS profile” allows to signal QoS characteristics that are not pre-fixed by standard.
Session Management
Consequence 1: NG-C shall support establishing resources of multiple PDU Session signalling per UE.
Consequence 3: Whether mapping of QoS flows from different PDU Sessions to the same DRB is allowed is up to RAN2 to decide. No consequence on RAN3 owned interfaces is expected.

Consequence 4: NG-C shall support establishment of per-session Tunnels. Other variants are FFS.
2.3
Resulting PDU Session an QoS related UE Context data
The “QoS Consequence” 13 already hints at the fact that B-type signalling would need to utilise some index signalling on NG-U, as explicit signalling of B-type QoS rules in-band would be too cumbersome. Let’s assume for now, that A-type (standardised) QoS rules use, like in EPS, QCI signalling within a pre-defined range, whereas B-type QoS rules utilise QCI signalling in another pre-defined range, then QoS rules can be represented as a single linear list along a single (QCI similar) index.

Another aspect is the fact that it should be possible, even for non-GBR QoS flows, to separate two QoS flows with the same QoS rule in order to serve scenarios where avoidance of head of line blocking is crucial. As only GBR flows would assign a QoS flow identifier to a QoS rule (identifier) with explicit NG-C signalling, NG-U would need to indicate both, QoS rule index and QoS flow identifier per packet.
The consequences from the SA2 interim agreements and the above reflections can be used to derive a UE Context descriptor containing PDU Sessions and QoS flows:
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Figure 2.3-1: UE Context descriptor containing PDU Sessions and QoS flows
This UE Context descriptor will need to be reflected at PDU Session/QoS session explicit signalling, at UE Context management functions and during mobility (active and in-active).

Content of the respective NG-U encapsulation header may be depicted as follows:
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Figure 2.3-2: NG-U encapsulation header
3
Conclusion
The latest agreements on QoS and PDU Session Management have been discussed in this paper.

It is proposed to discuss the conclusions and agree on the pseudo CR for TR 38.801 provided in [1]
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PAGE  
1

_1539791733.vsd
UE context


PDU Session x
    Session ID
    DL/UL TNL info
    default QoS rule („rule zero")
    1..m indexed QoS rules





    1..k GBR QoS flows


...
UE rate limit in UL
1.. n PDU Sessions


GBR QoS flow y
    flow ID
    GBR QoS rule       (indexed, implicit or explicit)


QoS rule x
    Choice
        implicit, standardised (A-type)
        explicit, dynamic (B-type)



_1539788056.vsd
NG-U encapsualation header



User Data


- Flow Identification (mandatory)
- QoS Rule index (optional)
- FFS: any further indication



