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Introduction
In this contribution, we discuss several unresolved issues related to reflective QoS. 
[bookmark: _Ref465268508]Discussion
[bookmark: _Ref473880378]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. 
RAN2-97bis agreed that …
DL packets over Uu are not marked with “Flow ID” at least for cases where UL AS reflective mapping and NAS reflective QoS is not configured for DRB.   
AS layer header include the UL “Flow ID” depending on network configuration
To make this more general and allow including it in the specification we suggest to agree the following:
[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][bookmark: _Toc477794602][bookmark: _Toc477795082][bookmark: _Toc477795094][bookmark: _Toc477795181][bookmark: _Toc477795238][bookmark: _Toc478059070][bookmark: _Toc481495207][bookmark: _Toc481499502][bookmark: _Toc481500260][bookmark: _Toc481500305][bookmark: _Toc481770716]The eNB configures by RRC for each DRB whether or not the UE shall include the SDAP header in uplink PDCP SDUs and whether the SDAP header is present in DL PDCP SDUs.
If one wanted to include (or exclude) the SDAP header dynamically, the PDCP header would need to indicate with one bit the presence of the SDAP header in the PDCP SDU. However, we do not see any benefit that would justify the additional overhead. 
Since UE and network must still be aware at any point in time which PDCP SDUs contain an SDAP header, the presence of this header should only be changed by a synchronized reconfiguration, i.e., RRCConnectionReconfiguration including mobilityControlInfo. One should note that this still requires that the PDCP receiver entity informs the SDAP entity for each delivered PDCP PDU whether the SDAP header is present. If one would like to avoid that, RAN2 should restrict the configuration of SDAP header to full configuration (fullConfig). However, we consider it acceptable to allow enabling/disabling the SDAP header during a handover. 
[bookmark: _Toc481495208][bookmark: _Toc481499503][bookmark: _Toc481500261][bookmark: _Toc481500306][bookmark: _Toc481770717]The eNB may change the presence of the SDAP header only by means of a handover, i.e., a synchronized reconfiguration. 
Due to the decision to make SDAP a separate protocol above PDCP, the RoHC compressor and decompressor (which are specified to be part of PDCP) must now peek into the SDAP PDU and work with the SDAP SDU (the IP packet). While this is not a nice design, we believe that with the two proposals above both the UE and the network have all information that is necessary to perform RoHC.
Based on the RRC configuration RoHC compressor and decompressor entities in UE and network side can determine the position of the IP packet inside each PDCP PDU, i.e., whether an SDAP header is present or not.
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.
In the meantime, SA2 agreed however that the CN should indicate dynamically in the N3 (user plane) packet header that the UE shall use this packet’s headers to create or update the NAS level reflective QoS mapping: 
Table 1: 3GPP TS23.501 System Architecture for 5G System, Stage2, V0.3.1 (2017-03)
	5.7.5.4.2 Reflective QoS Activation via User Plane 
When the 5GC determines to activate reflective QoS via U-plane, the SMF shall include a QoS rule including an indication to the UPF to activate User Plane with user plane reflective. When the UPF receives a DL packet matching the QoS rule that contains an indication to activate reflective QoS, the UPF shall include the RQI in the encapsulation header on N3 reference point. The UE creates a UE derived QoS rule when the UE receives a DL packet with a RQI (Reflective QoS Indication).



Based on the input from SA2 that UEs shall be told whether a DL packet requires an update of the NAS level SDF-to-Flow mapping, we suggest copying that indication into the SDAP header. 
[bookmark: _Toc481499504][bookmark: _Toc481500262][bookmark: _Toc481500307][bookmark: _Toc481770718]If the NAS-RQI bit in a DL SDAP header is set to 1, the UE indicates to NAS that it shall determine and possibly update the SDF-to-Flow mapping based on the Flow-ID present in the SDAP header.
[bookmark: _Toc481499506][bookmark: _Toc481500264][bookmark: _Toc481500309]So far RAN2 assumed that the UE shall update the AS-level Flow-to-DRB mapping based on all received DL packets containing a Flow-ID. One could consider changing this so that the UE updates also the AS-level mapping only if explicitly told to do so. To achieve this, the SDAP header would however need to comprise a second bit which indicates separately but in a similar way whether the UE shall update the Flow-to-DRB mapping using the Flow-ID in the packet header. Obviously this would only leave 6 bit for the Flow ID and hence likely lead to 2 octet SDAP headers if 6 bit is considered too small. More discussion on the possible header formats can be found in [1]. In that paper we conclude that the Flow-ID in the SDAP header should 7 bit.
[bookmark: _Toc481770719]The Flow ID length for DL and UL in SDAP header is 7-bits.
[bookmark: _Toc481770720]Since the NAS-RQI bit is only needed in DL SDAP headers, the UL SDAP header has one spare bit (R).
Packet reordering upon re-mapping QoS Flow to another DRB
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 however 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 (complex) functionality on the UE side. 
If RAN2 believes the risk of packet re-ordering upon QoS-Flow remapping (in uplink direction) is unacceptably large, we suggest seeking for a relatively simple solution such as the following: Upon detecting a remapping of a flow to a different DRB (reflectively or explicitly) the PDCP transmitter copies all the not-yet-RLC-ACKed PDCP PDUs to the target DRB’s PDCP entity. This may result in some duplicates but those don’t matter for higher layers. Since we anyway assume that there will usually be only few packets in flight during the initial phase of a file transfer, the inefficiency due to the (few) duplicates would be negligible for the initial reflective QoS remapping described above. Of course, the approach would also avoid re-ordering on IP level if the network re-maps a flow during handover.
Moving (instead of copying) the data to another DRB would avoid the overhead but would require re-processing already pre-processed the PDCP PDUs of the source DRB.
[bookmark: _Toc473881869][bookmark: _Toc477794598][bookmark: _Toc477795078][bookmark: _Toc477795090][bookmark: _Toc477795177][bookmark: _Toc477795234][bookmark: _Ref478059032][bookmark: _Toc478059065][bookmark: _Toc481495211][bookmark: _Toc481499507][bookmark: _Toc481500265][bookmark: _Toc481500310][bookmark: _Toc481770721]Additional UE functionality for avoiding possible out-of-order delivery when re-mapping a QoS-Flow to a different DRB (by explicit signalling or by update reflective QoS mapping) should not be introduced.
[bookmark: _Toc478059066][bookmark: _Toc481495212][bookmark: _Toc481499508][bookmark: _Toc481500266][bookmark: _Toc481500311][bookmark: _Toc481770722]If Proposal 6 is not agreeable (i.e., if RAN2 believes that re-ordering due to QoS flow re-mapping shall be avoided), the PDCP transmitter shall copy all the not-yet-RLC-ACKed PDCP PDUs to the target DRB’s PDCP entity.
[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 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][bookmark: _Toc477794599][bookmark: _Toc477795079][bookmark: _Toc477795091][bookmark: _Toc477795178][bookmark: _Toc477795235][bookmark: _Toc478059067][bookmark: _Toc481495213][bookmark: _Toc481499509][bookmark: _Toc481500267][bookmark: _Toc481500312][bookmark: _Toc481770723]If the eNB configures the UE with an “uplink QoS Flow to DRB filter”, it overrides any reflective mapping for this QoS flow. 
Maintaining QoS mapping during handover
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). Alternatively, the target node can change the QoS mapping and send the new mapping to the UE in the HO command (RRCConnectionReconfiguration). 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][bookmark: _Toc477794600][bookmark: _Toc477795080][bookmark: _Toc477795092][bookmark: _Toc477795179][bookmark: _Toc477795236][bookmark: _Toc478059068][bookmark: _Toc481495214][bookmark: _Toc481499510][bookmark: _Toc481500268][bookmark: _Toc481500313][bookmark: _Toc481770724]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.

[bookmark: _Toc465947422]Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	The eNB configures by RRC for each DRB whether or not the UE shall include the SDAP header in uplink PDCP SDUs and whether the SDAP header is present in DL PDCP SDUs.
Proposal 2	The eNB may change the presence of the SDAP header only by means of a handover, i.e., a synchronized reconfiguration.
Proposal 3	If the NAS-RQI bit in a DL SDAP header is set to 1, the UE indicates to NAS that it shall determine and possibly update the SDF-to-Flow mapping based on the Flow-ID present in the SDAP header.
Proposal 4	The Flow ID length for DL and UL in SDAP header is 7-bits.
[bookmark: _GoBack]Proposal 5	Since the NAS-RQI bit is only needed in DL SDAP headers, the UL SDAP header has one spare bit (R).
Proposal 6	Additional UE functionality for avoiding possible out-of-order delivery when re-mapping a QoS-Flow to a different DRB (by explicit signalling or by update reflective QoS mapping) should not be introduced.
Proposal 7	If Proposal 6 is not agreeable (i.e., if RAN2 believes that re-ordering due to QoS flow re-mapping shall be avoided), the PDCP transmitter shall copy all the not-yet-RLC-ACKed PDCP PDUs to the target DRB’s PDCP entity.
Proposal 8	If the eNB configures the UE with an “uplink QoS Flow to DRB filter”, it overrides any reflective mapping for this QoS flow.
Proposal 9	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.

[bookmark: _Ref465235511]References
[bookmark: _Ref481770194]R2-1705116, “QoS and SDAP layer aspects in NR”, Ericsson, RAN2-98, Hangzhou, P.R. of China, 15th – 19th May 2017
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.

RAN2-97 Athens:
	1	RAN2 to confirm that the timing of non-default DRB establishment (RAN to UE) for QoS Flow configured during PDU Session Establishment could be done NOT at the same time as PDU Session Establishment. (up to eNB implementation)

2	Working assumption from RAN2#96 is confirmed. i.e. First UL packet that doesn't have a mapping to a DRB, is mapped to a default DRB.



	1  “Lossless HO”, that is,  lossless, in sequence without duplication to upper layers, should be supported in specification for intra-NR. 
FFS whether we support QoS flow remapping at handover and, if supported, whether the handover is lossless for this case.



RAN2-97bis Spokane (April 2017)
	Agreements
1	NR/NR DC should support that different QoS flows of the same PDU session can be mapped to MgNB and SgNB. 
2	In the case of NR/NR DC where different QoS flows of the same PDU session are mapped to MgNB and SgNB then there is one SDAP entity in the MgNB and one in SgNB for that PDU session.
RAN2 understand that support of this behaviour is still under discussion on SA2



	Agreements:
-	New AS layer PDU is PDCP SDU
-	AS layer header is byte-aligned
-	DL packets over Uu are not marked with “Flow ID” at least for cases where UL AS reflective mapping and NAS reflective QoS is not configured for DRB.   
-	AS layer header include the UL “Flow ID” depending on network configuration
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