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Introduction
In this contribution we discuss the remaining open issues related to the NR QoS framework. 
[bookmark: _Ref465268508]Discussion
[bookmark: _Ref473880378]Updating QoS-Flow to DRB filters
At RAN2-96 it was discussed how the network can change a mapping of UL flows to DRBs and RAN2 agreed that “The UE "continuously" monitors the QoS Flow ID in downlink PDCP packets and updates the reflective QoS Flow ID to DRB mapping in the uplink accordingly”. 
The word “continuously” was put in quotation marks since companies wanted to study whether really each and every DL packet needs to be analysed. 
We believe that this is the simplest way to allow the eNB to update the mapping by redirecting the packets of a DL flow onto a different DRB. For example, if the UE observes initially a downlink packet with Flow ID X on DRB 1, it creates an “Flow-to-DRB” filter that maps uplink packets with Flow ID X to DRB 1. But if the UE later observes a downlink packet with Flow ID X on DRB 2, it should change the filter for Flow X so that also the UL packets are mapped to DRB 2.We therefore suggest confirming and clarifying the previous agreement as follows:
[bookmark: _Toc466014110][bookmark: _Toc466017749][bookmark: _Toc466020478][bookmark: _Toc466020537][bookmark: _Toc466021129][bookmark: _Toc466021223][bookmark: _Toc466021303][bookmark: _Toc466039079][bookmark: _Toc466039767][bookmark: _Toc466039801][bookmark: _Toc469908333][bookmark: _Toc469908377][bookmark: _Toc469920729][bookmark: _Toc471468894][bookmark: _Toc471469000][bookmark: _Toc471470789][bookmark: _Toc473881867]The UE monitors the Flow ID (if present) in all downlink packets and updates the corresponding reflective “uplink QoS Flow ID to DRB mapping” accordingly.
For completeness, we also suggest to capture that the NW may change a configured uplink flow to DRB mapping by means of an RRCConnectionReconfiguration: 
[bookmark: _Toc469920730][bookmark: _Toc471468895][bookmark: _Toc471469001][bookmark: _Toc471470790][bookmark: _Toc473881868]The RAN may configure, modify and release a configured “Uplink QoS Flow to DRB” mapping (a pair of “QoS Flow ID” and “DRB ID”) by an RRCConnectionReconfiguration. 
Some companies observed in the last meeting that the re-mapping of a QoS Flow to a different DRB may cause out-of-sequence packet delivery. This may happen when initial packets of the flow ended up in a low priority DRB and subsequent packets are mapped to a high priority DRB due to an updated Flow-to-DRB mapping. We agree with this observation but believe that the network can avoid this when performing the re-mapping at an occasion where the queues are empty. It may not always be possible to ensure this for the uplink direction. But at least for initial re-mapping from a default DRB to another DRB, it is likely that higher layers are still in the initial handshaking phase (e.g. TCP SYN/SYN-ACK, TLS security setup, HTTP GET) and hence there will typically be very few packets in flight that could overtake each other. 
[bookmark: _Ref473880399]When the NW re-maps a flow to a different DRB during the initial transaction phase of the flow, packet re-ordering is unlikely due to few packets being in flight.
When the NW re-maps a flow to a different DRB it can minimize the risk of re-ordering by postponing it to occasions when buffers are empty or at least small.
It was also mentioned that packet re-ordering upon Flow re-mapping could be avoided by means of an additional re-ordering function per QoS Flow (above PDCP). However, in accordance with the observations above, we don’t see a need for such (pretty complex) functionality on the UE side. 
[bookmark: _Toc473881869]Additional UE functionality for avoiding possible out-of-order delivery when re-mapping a QoS-Flow to a different DRB should not be introduced.
[bookmark: _Toc466014112][bookmark: _Toc466017751][bookmark: _Toc466020480][bookmark: _Toc466020539][bookmark: _Toc466021131][bookmark: _Toc466021225][bookmark: _Toc466021305][bookmark: _Toc466014113][bookmark: _Toc466014114][bookmark: _Toc466014115]Precedence order of reflective and configured mapping
RAN2-96 did not yet agree on “The precedence of the RRC configured mapping and reflective QoS”. There are basically three options: 
1) An RRC configured mapping overrides any reflective mapping for that flow. 
2) A newly derived reflective mapping overrides a mapping configured previously by RRC. 
3) The UE applies always the most recent mapping, i.e., either provided by RRC or derived by reflective QoS
We think that the second option would introduce an undesirable dependency between the RRC configuration and the user plane. For example, the RRC configuration (AS-Config) would not represent the mapping that the UE actually applies. This would be undesirable in case of mobility since the UE would not behave as expected by the target node. It would also remove the possibility to override a previous reflective QoS mapping by a dedicated configuration. 
The third option suffers from possible race conditions since it may not be fully predictable whether the UE received a DL data packet or the RRCConnectionReconfiguration first. Also, just as the second option, ambiguities exist upon mobility.
Generally, we think that RRC signalling should always have precedence over L2 and L1 control signalling. It would ensure a clean split and avoid any ambiguity. Also during mobility this principle ensures that the target eNB is aware of all configured UL QoS mappings applied by the UE. Besides that, it would also allow the eNB to map a DL QoS flow onto a different DRB than the UL QoS flow with the same ID. 
[bookmark: _Toc462848701][bookmark: _Toc462849151][bookmark: _Toc462849159][bookmark: _Toc462849165][bookmark: _Toc463039866][bookmark: _Toc465249403][bookmark: _Toc465252960][bookmark: _Toc465268518][bookmark: _Toc465268611][bookmark: _Toc465268645][bookmark: _Toc465270224][bookmark: _Toc465270235][bookmark: _Toc465947417][bookmark: _Toc465947444][bookmark: _Toc466014119][bookmark: _Toc466017752][bookmark: _Toc466020481][bookmark: _Toc466020540][bookmark: _Toc466021132][bookmark: _Toc466021226][bookmark: _Toc466021306][bookmark: _Toc466039081][bookmark: _Toc466039769][bookmark: _Toc466039803][bookmark: _Toc469908336][bookmark: _Toc469908380][bookmark: _Toc469920731][bookmark: _Toc471468896][bookmark: _Toc471469002][bookmark: _Toc471470791][bookmark: _Toc473881870]If the eNB configures the UE with an “uplink QoS Flow to DRB filter”, it overrides any reflective mapping for this QoS flow. 
In the context of inter-cell mobility it should be discussed whether the UE maintains the reflective UL QoS filters. As mentioned above, the target eNB does not know the UE’s reflective QoS filters from the AS-Config. One could consider that the source eNB provides the reflective UL QoS mappings to the target eNB (e.g. in AS-Context). But we consider this being unnecessarily complex and it would also introduce risk of state mismatch. It appears simpler that the UE maintains a reflective UL QoS mapping as long as the DRB with which it is associated exists, i.e., also during normal RRC mobility. The UE releases the reflective UL QoS mapping when the eNB releases the DRB with which the mapping is associated. 
[bookmark: _Toc469920732][bookmark: _Toc471468897][bookmark: _Toc471469003][bookmark: _Toc471470792][bookmark: _Toc473881871]The UE maintains a reflective UL QoS mapping as long as the DRB with which it is associated exists, i.e., also during normal RRC mobility and upon bearer-type change. The UE releases the reflective UL QoS mapping when the eNB releases the DRB with which the mapping is associated.
Packets not matching any Flow ID to DRB filter
[bookmark: _Toc469908382]In the previous meetings RAN2 discussed how to handle initial uplink packets. At RAN2-96 the following working assumption was captured: “If an incoming UL packet does not match a QoS Flow ID to DRB mapping (neither a configured nor a determined via reflective QoS), the UE shall map that packet to the default DRB of the PDU session.”
With this rule, the UE will follow the configured mapping whenever there is one. If there is none, it applies the reflective mapping as soon as those have been determined based on an observed DL packet. Before that happens, the UE maps initial uplink packets to the default bearer.
This may happen if the CN configured via N1 a NAS mapping (TCP/UDP/IP-tuple to QoS Flow) whereas the RAN decided not (yet) to configure an QoS to DRB mapping but rather to rely on reflective QoS. Or the RAN decided not to setup the DRB for the pre-authorized QoS Flow before observing some user plane packets with the corresponding flow ID. 
It was agreed earlier that the RAN is responsible for the mapping of QoS Flows to DRBs as well as for the establishment of DRBs. Hence, the RAN may decide not to establish DRBs immediately when QoS Flows are pre-authorized by the CN but rather only when observing the UP packets of that QoS Flow. 
It is our understanding that the RAN has this option in accordance with previous agreements (“RAN determines the mapping…”). 
Some concerns were raised that with such an approach the initial uplink packets may experience e.g. longer latency since the desired QoS profile is not (yet) applied. This observation is correct but the effect is similar to what happens usually in downlink direction due to DRX cycles. To account for this, the QoS characteristics (in particular Packet Delay Budget) are defined as 98th percentile target. 
QoS characteristics such as PDB are defined as 98th percentile target. It is hence acceptable if the initial uplink packets are mapped to a default DRB.
Some companies suggested that instead of mapping the “non-matching” packet to the default DRB, the UE could store it above PDCP and request via RRC the configuration of a proper mapping. While it would likely increase the delivery delay of the packet, it could solve the problem of re-ordering, i.e. that initial packets appear in the low priority DRB and later packets in the high priority DRB. However, as discussed in section 2.1 (Observation 1), we do not expect this effect to be significant during the initial transaction phase of a new QoS flow. Secondly, the additional RRC signalling defeats entirely the purpose of reflective QoS which intended to reduce the control plane load.
[bookmark: _Toc469920733][bookmark: _Toc471468898][bookmark: _Toc471469004][bookmark: _Toc471470793][bookmark: _Toc473881872]Confirm the working assumption: If an incoming UL packet does not match a QoS Flow ID to DRB mapping (neither a configured nor a determined via reflective QoS), the UE shall map that packet to the default DRB of the PDU session.
Omitting Flow ID in QoS header
To enable reflective QoS, the RAN marks downlink packets over Uu with a QoS flow ID. The UE marks uplink packets over Uu with the QoS flow ID for the purposes of marking forwarded packets to the CN. 
RAN2-96 discussed whether these fields should always be present or whether the eNB should configure their presence explicitly. In our view, the reflective QoS concept intends to reduce the signalling overhead but the need to include the flow ID in each QoS header increases the user plane protocol overhead. The relative overhead is marginal for large IP packets but could be considered significant for services such as VoIP. 
One could consider omitting the flow ID in all but the first DL packet of a certain flow. Or one could compress the flow ID on the radio interface. But since such schemes increases the complexity (book-keeping) in UE and eNB they don’t come for free either. 
There are however still cases when the Flow ID does not need to be conveyed: Whenever the eNB configures a dedicated DRB for a Flow (1:1 mapping) and if it configures the Flow to be mapped to the DRB (explicitly configured UL “AS filter”), neither the UE nor the eNB need to include the flow ID. Since this may be a typical case for IMS Voice as well as for latency critical services where the relative overhead due to the Flow-ID is significant, the eNB should have means to configure for each DRB whether the Flow-ID is conveyed in the header.
As discussed during RAN2-96, the NAS level will not provide a QoS Flow ID in deployment scenario where NR connects to EPC (scenario 3). Also in such cases, it should be possible not to include the Flow ID over the Uu interface. 
[bookmark: _Toc465947413][bookmark: _Toc465947440][bookmark: _Toc466014111][bookmark: _Toc466017750][bookmark: _Toc466020479][bookmark: _Toc466020538][bookmark: _Toc466021130][bookmark: _Toc466021224][bookmark: _Toc466021304][bookmark: _Toc466039080][bookmark: _Toc466039768][bookmark: _Toc466039802][bookmark: _Toc469908334][bookmark: _Toc469908378][bookmark: _Toc469920734][bookmark: _Toc471468899][bookmark: _Toc471469005][bookmark: _Toc471470794][bookmark: _Toc473881873]The eNB configures by RRC for each DRB whether or not the UE shall include the Flow-ID in uplink headers.

[bookmark: _Toc465947422]Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	The UE monitors the Flow ID (if present) in all downlink packets and updates the corresponding reflective “uplink QoS Flow ID to DRB mapping” accordingly.
Proposal 2	The RAN may configure, modify and release a configured “Uplink QoS Flow to DRB” mapping (a pair of “QoS Flow ID” and “DRB ID”) by an RRCConnectionReconfiguration.
Proposal 3	Additional UE functionality for avoiding possible out-of-order delivery when re-mapping a QoS-Flow to a different DRB should not be introduced.
Proposal 4	If the eNB configures the UE with an “uplink QoS Flow to DRB filter”, it overrides any reflective mapping for this QoS flow.
Proposal 5	The UE maintains a reflective UL QoS mapping as long as the DRB with which it is associated exists, i.e., also during normal RRC mobility and upon bearer-type change. The UE releases the reflective UL QoS mapping when the eNB releases the DRB with which the mapping is associated.
Proposal 6	Confirm the working assumption: If an incoming UL packet does not match a QoS Flow ID to DRB mapping (neither a configured nor a determined via reflective QoS), the UE shall map that packet to the default DRB of the PDU session.
Proposal 7	The eNB configures by RRC for each DRB whether or not the UE shall include the Flow-ID in uplink headers.

[bookmark: _Ref465235511]Annex: QoS-related agreements in previous meetings
RAN2-95 discussed the basic principles of the NR QoS framework and reached the following agreements:
Agreements

1	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.

2	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)

3	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.

At RAN2-95bis some further agreements were achieved and the first of the FFSs above was resolved:
Agreements
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. 
1a	RAN can map multiple QoS flows to a DRB.
2	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.
3	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.
FFS: Whether traffic from different PDU sessions can be mapped to one DRB or not.

Agreements
1	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)

2. 	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. 

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.
 
RAN2#96:
Agreement
1:	Traffic from different PDU sessions are mapped to different DRBs
2:	In DL we have a 2-step mapping of IP flows, in which NAS is responsible for the IPflow->QOSflow mapping, and AS is responsible for the QOSflow->DRB mapping (confirmation of SA2 agreement status).
3:	In UL we have a 2-step mapping of IP flows, in which NAS is responsible for the IPflow->QOSflow mapping, and AS is responsible for the QOSflow->DRB mapping.
4	DL packets over Uu are marked in band with QOS-flow-id for the purposes of reflective QoS 
5	UL packets over Uu are marked in band with QOS-flow-id for the purposes of marking forwarded packets to the CN.
FFS for bullets 4 and 5 whether it can be semi-statically configured to not include the QOS flow ID in some cases.
FFS for bullets 4 and 5 whether it might be possible to use a shorter id over the radio compared to that received from the CN. This is a stage 3 issue. 

Agreements
1	For reflective QoS, the UE determines QoS Flow ID to DRB mapping in the uplink based on the downlink packets received within a DRB and applies those filters for mapping uplink Flows to DRBs.
2	The UE "continuously" monitors the QoS Flow ID in downlink PDCP packets and updates the reflective QoS Flow ID to DRB mapping in the uplink accordingly.
3	RRC can configure an uplink mapping 
FFS The precedence of the RRC configured mapping and reflective QoS (e.g. can reflective QoS update an RRC configured mapping)
Working assumption:
	If an incoming UL packet does not match a QoS Flow ID to DRB mapping (neither a configured nor a determined via reflective QoS), the UE shall map that packet to the default DRB of the PDU session.

=>	FFS whether the QoS field is added by PDCP or a new protocol layer above PDCP.

RAN2 Ad-Hoc January 2017:
Agreements

1: A new user plane AS protocol layer (e.g. PDAP) above PDCP should be introduced to accommodate all the functions introduced in AS for the new QoS framework, including:
-	QOS flow->DRB routing; 
-	QoS-flow-id marking in DL packets;
-	QoS-flow-id marking in UL packets;

2	The new protocol layer is applicable for all cases connecting to the 5G-CN

3:	Single protocol entity is configured for each individual PDU session.
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