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1
Introduction
During the study in the SI phase, a two step QoS flow mapping is introduced. The NAS maps IP-flows to QoS flows and the AS maps QoS flow to DRBs. Correspondingly, two kinds of reflective QoS is introduced, the NAS reflective QoS and AS reflective QoS. And for the purposes of reflective QoS, DL packets over Uu are marked inband with QOS Flow ID (QFI).
In this contribution, the supporting of reflective QoS in RAN will be further discussed, including the notification of reflective QoS on Uu, the precedence of the RRC configured mapping and reflective QoS, and the reflective QoS mapping handle during handover.
2
Discussion
3.1 Reflective notification on Uu 
At RAN2#96, it is agreed that DL packets over Uu are marked inband with QFI for the purposes of reflective QoS and UL packets over Uu are marked inband with QFI for the purposes of marking forwarded packets to the CN. But whether the QFI is added by PDCP or a new protocol layer above PDCP is left for further study at that time. Then at the following Ad-hoc meeting, a new user plane AS protocol layer (e.g. PDAP) above PDCP is agreed to be introduced to accommodate all the functions introduced in AS for the new QoS framework. So it’s straightforward that the QFI should be added by the new AS sublayer.
Proposal1. The inband QFI marked in DL/UL packets should be added by the new AS sublayer above PDCP.
When reaching the decision of including the inband QFI for reflective QoS at RAN2#96, it is not explicitly stated whether it is for the NAS reflective QoS purpose and/or the AS reflective QoS purpose. The captured text (the text is copied in Annex A for reference) in RAN2 TR [2] seems that the QFI is included in the DL packets only for the AS reflective QoS. However, according to the achievement (the text is copied in [3]Annex B

 REF _Ref477769151 \h 
 for reference) in SA2 , if the NAS reflective QoS is used, the UE needs to rely on the DL packets to derive the QoS rules. And the derived QoS rule includes Packet Filter, QFI, precedence value. The Packet Filter, QFI can be derived only from the DL packets. So the QFI should also be included in DL packets for the purpose of NAS reflective QoS.
Proposal2. QFI should be included in the DL packets both for the purpose of NAS reflective QoS and AS reflective QoS.

With the introduction of QFI in DL packets for the purpose of reflective, whether the UE should “continuously” monitor the QFI in DL packets or not is left open at the end of SI phase. Considering the high data volume in NR, concerns arise that the reflective QoS may cause high processing overhead as well as complexity if UE is required to continuously monitor QoS flow ID in each DL packet [1]. And as analyzed above, the QFI should be included in the DL packets both for the purpose of NAS reflective and AS reflective. If with only QFI in the DL packets, the UE receives a DL packet with inband QFI can’t discriminate whether it is for NAS reflective QoS or AS reflective QoS, thus should perform both type of reflective checking. In this way, unnecessary processing overhead will be introduced. 
To tackle the two issues above, indication should be introduced in the DL packets to inform UE whether the QFI is included in the DL packets or not and whether it is for NAS reflective QoS and/or AS reflective QoS. The UE needs to do reflective checking only if it is indicated that the QFI is included. And the UE performs NAS reflective checking and/or AS reflective checking according to the instruction of the indication. Similar as for QFI, the indication should be added into the DL packets by the new AS sublayer above PDCP.
Proposal3. Indication should be introduced in the DL packets to inform UE whether the QFI is included in the DL packets or not, and whether it is for NAS reflective QoS and/or AS reflective QoS.

Proposal4. The Indication should be added by the new AS sublayer above PDCP.
For the AS reflective QoS, since the QoS flow-DRB mapping is determined by the gNB itself, it is up to gNB to determine when to process the AS reflective QoS. So the gNB knows when the AS reflective QoS is required and can mark the Indication and QFI in the DL packets accordingly. 

While for NAS reflective QoS, per achievement in SA2 [3], the reflective QoS can be activated via either User Plane or Control Plane with the Reflective QoS Indication (RQI). If activated via User Plane, the RQI will be included in the encapsulation header of the DL packets on N3 reference point. With the receiving of RQI, the gNB knows NAS reflective QoS is required and can mark the Indication and QFI in the DL packets accordingly. While for the case of activated via Control Plane, the RQI is only indicated to the UE via N1 reference point. The gNB has no way to know when the NAS reflective QoS is required to mark the Indication and QFI in the DL packets. So SA2 should be informed that for the case of reflective QoS via Control Plane, the RQI should also be informed to the gNB, e.g. via N2 signalling.
Proposal5. To inform SA2 that the RQI should be informed to the gNB also in case the reflective QoS is activated via Control Plane.

Per achievement in SI phase [2], in the uplink, the RAN may control the mapping of QoS Flows to DRB either with explicit RRC configuration or AS reflective QoS. Whether to support QoS flow-DRB remapping is also discussed during SI but left open with no final decision. According to the analysis in our companion contribution [4], we propose that intra-cell QoS flow-DRB remapping should be allowed to ensure the required quality of service. And once remapping, the QoS flow-DRB remapping information should be notified to the UE at least for UL transmission, either via RRC configuration or User Plane PDU. 
Apparently, the User Plane PDU can be the User Plane data PDU with AS reflective QoS information (i.e. Indication and QFI discussed above). However, take the following remapping case listed in [4] for an instance:
· According to the confirmation at RAN2#97, if an incoming UL packet does not match a QoS flow ID to DRB mapping, the UE shall map the packet to the default DRB of the PDU session. When the gNB receives the packet with the embedded QoS flow ID, it may decide to remap the UL QoS flow to another appropriate DRB according the identified QoS profile.

If the remapping notification is sent via RRC configuration, additional RRC signalling overhead and extra delay will be introduced. If the remapping notification is relied on User Plane data PDU, for UL mainly traffic, there may be no DL data at that time. Then the notification will be delayed until the first DL packet arrival. The unpredictable delay may have negative impact on the user experience. The analysis above is also true for the other three remapping cases listed in [4].
To tackle the issue above, some kind of Control PDU in the new AS sublayer can be introduced to transfer the remapping information in time. That is, whenever the gNB decides to perform intra-cell QoS flow-DRB remapping and it happens that there’s no DL data available for transmission, the new AS sublayer Control PDU can be constructed to notify the remapping information. Similar as discussed above for the User Plane data PDU, the Indication and QFI should be included in the Control PDU.
Proposal6. Beside the RRC configuration and User plane data PDU with reflective information, some kind of Control PDU in the new AS sublayer can be introduced to transfer the intra-cell QoS flow remapping notification.

3.2 Precedence of the RRC configured mapping and reflective QoS
At the end of SI, the precedence of the RRC configured mapping and reflective QoS (can reflective QoS update and thereby override an RRC configured mapping? Or does a configured QoS Flow ID to DRB mapping always take precedence over a reflective mapping?) is left for further study [2]. During the discussion in SI, solution for the issue is discussed but without any considering on the occurring of the issue itself, for instance, in which scenarios the issue will take place. The reasonable assumption is that once the QoS flow-DRB mapping is decided in the gNB, it will be kept in use only if intra-cell QoS flow remapping is needed. In other words, the issue of the precedence of RRC configured and reflective QoS mapping should only be considered if intra-cell QoS flow remapping is allowed. 
Proposal7. The issue of the precedence of RRC configured and reflective QoS mapping should only be considered if intra-cell QoS flow remapping is allowed.
The gNB decides the QoS flow-DRB mapping according to the QoS profiles per QoS flow, taking the radio condition in RAN (e.g. radio link quality, load condition etc) into consideration. Neither the QoS profiles nor the radio conditions in RAN will change frequently. So it can be precluded that another intra-cell QoS flow remapping will take place right after the previous. In other words, practically, the gNB will initiate a new remapping only after the completion of the previous remapping. And the gNB knows the most updated QoS flow-DRB mapping in UE clearly. Given the above, we propose that the UE should always apply the most recent mapping, i.e., either provided by RRC or derived by reflective QoS. 
Proposal8. The UE should always apply the most recent mapping, i.e., either provided by RRC or derived by reflective QoS.
3.2 Reflective QoS mapping handle during handover
The QoS flow-DRB mapping in source gNB can be configured either via RRC signalling or reflective mapping. Then one question is how the QoS flow-DRB mapping is transferred to the target during handover. Another question is how the reflective QoS mapping in UE is handled during handover. 
The issue is somehow related to the decision of whether QoS flow remapping is allowed during HO. During handover, the QoS flow-DRB mapping in source should be transferred to the target on Xn as many companies proposed during the SI study in RAN3. With this assumption, if the QoS flow-DRB mapping is kept in use during handover as proposed in our companion contribution [5], the AS-Config in handover request message needs only include the QoS flow-DRB mapping configured via RRC signalling. And the derived QoS flow-DRB mapping via User plane should be kept in UE.
Proposal9. The AS-Config in handover request message needs only include the QoS flow-DRB mapping configured via RRC signalling. And the derived QoS flow-DRB mapping via User plane in the source gNB should be kept in UE.
4
Conclusion
In this contribution, the supporting of reflective QoS in RAN is further discussed with the following proposals:
Proposal1. The inband QFI marked in DL/UL packets should be added by the new AS sublayer above PDCP.

Proposal2. QFI should be included in the DL packets both for the purpose of NAS reflective QoS and AS reflective QoS.

Proposal3. Indication should be introduced in the DL packets to inform UE whether the QFI is included in the DL packets or not, and whether it is for NAS reflective QoS and/or AS reflective QoS.

Proposal4. The Indication should be added by the new AS sublayer above PDCP.

Proposal5. To inform SA2 that the RQI should be informed to the gNB also in case the reflective QoS is activated via Control Plane.

Proposal6. Beside the RRC configuration and User plane data PDU with reflective information, some kind of Control PDU in the new AS sublayer can be introduced to transfer the intra-cell QoS flow remapping notification.

Proposal7. The issue of the precedence of RRC configured and reflective QoS mapping should only be considered if intra-cell QoS flow remapping is allowed.

Proposal8. The UE should always apply the most recent mapping, i.e., either provided by RRC or derived by reflective QoS.
Proposal9. The AS-Config in handover request message needs only include the QoS flow-DRB mapping configured via RRC signalling. And the derived QoS flow-DRB mapping via User plane in the source gNB should be kept in UE.
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Annex A 
----------------------Text on reflective QoS in TR 38.804 ----------------------
In the uplink, the RAN may control the mapping of QoS Flows to DRB in two different ways:
-
Reflective mapping: for each DRB, the UE monitors the QoS flow ID(s) of the downlink packets and applies the same mapping in the uplink; that is, for a DRB, the UE maps the uplink packets belonging to the QoS flows(s) corresponding to the QoS flow ID(s) and PDU Session observed in the downlink packets for that DRB. To enable this reflective mapping, the RAN marks downlink packets over Uu with QoS flow ID.
NOTE 1:
It is FFS whether the marking with a QoS flow ID can be semi-statically configured (to not include the QOS flow ID when not needed).
-
Explicit Configuration: besides the reflective mapping, the RAN may configure by RRC an uplink “QoS Flow to DRB mapping”.
NOTE 2:
The precedence of the RRC configured mapping and reflective QoS is FFS (can reflective QoS update and thereby override an RRC configured mapping? Or does a configured QoS Flow ID to DRB mapping always take precedence over a reflective mapping?)
Annex B 

----------------------Text on reflective QoS in TS 23.501 ----------------------
5.7.5.2
  UE Reflective QoS Procedures

5.7.5.2.1
General
For a UE supporting reflective QoS function, and if reflective QoS function is enabled by the 5GC for some traffic flows, the UE shall create a derived QoS rule for the uplink traffic based on the received downlink traffic. The UE shall use the derived QoS rules to determine mapping between uplink traffic and QoS flow.
5.7.5.2.2
UE Derived QoS Rule
The UE derived QoS rule contains following parameters:
-
Packet Filter

-
QFI
-
precedence value.
The UL packet filter is derived based on the received DL packet.
When Reflective QoS is activated via User Plane the precedence value for all derived QoS rules is set to a standardised value.

Editor's note:
When Reflective QoS is activated via User Plane it is FFS whether and how the standardised value is overridden by a new value on per-PDU Session basis.
When Reflective QoS is activated via Control Plane the precedence value for a derived QoS rule within the scope of the Control Plane activation (i.e. QoS Flow, PDU Session) is set to a value that is signalled via the Control Plane.

