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Introduction
This contribution provides analysis of the current QoS framework and discusses mandatory and non-mandatory features of the framework. 
Below are related agreements listed that impact RAN2 and are relevant for the discussion:
SA WG2 Meeting #123 approved an CR S2-178060 on Clarification of QoS Flows with signalled characteristics: 
5.7.1.3	Control of QoS Flows
Three options to control QoS flows are supported:
1)	For non-GBR QoS flows only, and when standardized 5QIs or pre-configured 5QIs are used, the 5QI value can be used as the QFI of the QoS flow. The default ARP shall be pre-configured in the AN;
NOTE 1:	The above option is intended to be used for non-3GPP ANs (e.g. Fixed AN) scenarios when there is no need for any N1 signalling including PDU session establishment, nor any N2 signalling.
2)	For non-GBR QoS flows only, and when standardized 5QIs or pre-configured 5QIs are used, the 5QI value can be used as the QFI of the QoS flow. The default ARP and the QFI is sent to RAN over N2 at PDU Session Establishment or at PDU Session Modification and when NG-RAN is used every time the User Plane of the PDU session is activated; and
3)	For GBR and non-GBR QoS flows, a dynamically assigned QFI can be used. The 5QI value may be a standardized, pre-configured or dynamic assigned. The QoS profile and the QFI of a QoS flow is provided to the (R)AN over N2 at PDU Session establishment or at QoS flow establishment/modification and when NG-RAN is used every time the User Plane of the PDU session is activated.
NOTE 2:	The options 2 and 3 are intended to be used for 3GPP ANs.

RAN3 has agreed that each QFI is associated with DRB: 	
RAN3 TS 38.413 NG Application Protocol: 8.2.3 PDU Session Resource Modify: 
For each QoS flow included in the QoS Flows Add Or Modify Request List IE, based on the QoS Flow Level QoS Parameters IE, the NG-RAN node may establish, modify or release the Data Radio Bearer configuration and may change allocation of resources on NG or Uu accordingly. The NG-RAN node shall associate each QoS flow accepted to setup or modify with a Data Radio Bearer of the PDU session. The associated Data Radio Bearer for the QoS flow accepted to modify may not change.
[bookmark: _Ref178064866]Discussion
Based on the SA2 and RAN3 specifications above, following is observed:  
[bookmark: _Toc498352896][bookmark: _Toc498353012][bookmark: _Toc498353580][bookmark: _Toc498356666][bookmark: _Toc498356832][bookmark: _Toc498636932]QFI is always signaled via N2 interface according to TS 23.501
[bookmark: _Toc498352206][bookmark: _Toc498356667][bookmark: _Toc498356833][bookmark: _Toc498636933]RAN3 TS 38.413 specifies that each QFI is associated with a DRB inside PDU session. 



Figure 1: gNB and UE reference point representation according to TS 23.501. 
Existing QoS mechanisms 
DL QoS Framework
Figure 1 illustrates the DL QoS framework with UE destined traffic from UPF. 
Translation from the IP flows to QoS Flows is done in UPF with Core Network configured TFT/SDF Templates (Figure 1 a). Because of the mapping, the number of IP flows does not directly correspond to the number of QoS Flows inside one PDU session i.e. it removes direct dependency from UP flow to QoS Flow. 
UPF marks QFI to all packets in N3 (i.e. NG-U) interface. Additionally, the RQI field is marked if the QFI is reflective. In the case where the QFI is reflective, a per QoS Flow Reflective QoS attribute (RQA) is signalled to the gNB via N2 interface. It’s worth of noticing that the UE will not get information from the CN about QFI being reflective, resulting that the RQI indication in the SDAP header is currently the only indication for UE about QFI being reflective.  
In a gNB, The QFI may be copied to the SDAP header if DL SDAP header is configured (e.g. when AS reflective QFI to DRB mapping is enabled). Naturally, the DL SDAP marking is not needed in case the AS reflective QFI to DRB mapping is not enabled, or if the RQA does not exist for the QFI. In a regular case, the DL IP flow information is translated from the IP-level information based on NAS configuration. 

	 
Figure 2: Downlink NR QoS framework with IP Flows
Support for NAS Reflective QoS is optional for UEs to implement, resulting that the mechanism may only be used after capability exchange. Therefore, the SDAP header is only useful for DL in the case when reflective QoS is active, and for UL when gNB configures more than one QoS Flow per DRB. It may be clearly observed that the use cases for SDAP header are limited. 
[bookmark: _Toc497139220][bookmark: _Toc497140008][bookmark: _Toc497140367][bookmark: _Toc497140570][bookmark: _Toc497140585][bookmark: _Toc497229875][bookmark: _Toc497303716][bookmark: _Toc497822008][bookmark: _Toc497825048][bookmark: _Toc497825289][bookmark: _Toc497825353][bookmark: _Toc497899585][bookmark: _Toc497982640][bookmark: _Toc498352199][bookmark: _Toc498352898][bookmark: _Toc498353014][bookmark: _Toc498353582][bookmark: _Toc498356668][bookmark: _Toc498356834][bookmark: _Toc498636934]5GC Reflective QoS is optional for UEs to implement.
[bookmark: _Toc497139219][bookmark: _Toc497140007][bookmark: _Toc497140368][bookmark: _Toc497140571][bookmark: _Toc497140586][bookmark: _Toc497229876][bookmark: _Toc497303717][bookmark: _Toc497822009][bookmark: _Toc497825049][bookmark: _Toc497825290][bookmark: _Toc497825354][bookmark: _Toc497899586][bookmark: _Toc497982641][bookmark: _Toc498352200][bookmark: _Toc498352899][bookmark: _Toc498353015][bookmark: _Toc498353583][bookmark: _Toc498356669][bookmark: _Toc498356835][bookmark: _Toc498636935]The DL SDAP header is not mandatory per DRB, except when reflective QoS is configured per DRB. 
UL QoS framework 
As the 5GC is not aware of any DRB, the gNB is required to provide QFI Uplink marking to the N3/NG-U interface. In order to be able to resolve QFI from the DRBs (which does not have concept of flows), SDAP flow marking is required when there are more than 2 QFIs mapped to one DRB. As the gNB is responsible of QFI to DRB mapping, it is natural that the gNB may also decide whether SDAP header exits for DL and UL separately per DRB. 
For UL direction, the mechanism with TFT/SDF templates corresponds to the DL. UE maps IP flows to QFIs based on NAS configured QoS rules. The NAS may configure a default rule, where IP flows with no match are mapped into specific QFI. It’s worth to notice that this mechanism is independent of any DRB mapping and does not require a concept of default DRB. QFI marking is required in UL N3/NG-U interface between gNB and UPF. Therefore, there is a need to carry QFI information over the air when more than one QFIs mapped to one DRB. 


Figure 3: UL NR QoS framework with IP flows	
[bookmark: _Toc497899587][bookmark: _Toc497982642][bookmark: _Toc498352201][bookmark: _Toc498352900][bookmark: _Toc498353016][bookmark: _Toc498353584][bookmark: _Toc498356670][bookmark: _Toc498356836][bookmark: _Toc498636936]Default QoS rule is independent concept from the QFI to DRB mapping. This mechanism does not require default DRB. 
AS reflective QFI to DRB mapping in 5G QoS framework
The AS reflective QFI to DRB mapping mechanism is used to convey QFI to DRB mapping information in SDAP header. The AS reflective QFI to DRB mapping can be used only after 
1. UL and DL SDAP headers are configured with RRC configuration
2. QFI filters are delivered via NAS signalling 
3. Both, source, and target DRBs are established via RRC signalling
4. AS reflective QoS is configured via RRC 
After RRC and NAS configurations, UE is expected observe QFI to DRB mapping changes in either all DL packets or DL packets marked with in-band indication flag in the SDAP header. The mechanism has not yet agreed because of existing problems in the framework. 
[bookmark: _Toc497825291][bookmark: _Toc497825355][bookmark: _Toc497899588][bookmark: _Toc497982643][bookmark: _Toc498352202][bookmark: _Toc498352901][bookmark: _Toc498353017][bookmark: _Toc498353585][bookmark: _Toc498356671][bookmark: _Toc498356837][bookmark: _Toc498636937]AS reflective QFI to DRB mapping cannot be used independently, it requires extensive RRC signalling to be able to operate. 
As can be expected, AS reflective QFI to DRB mapping introduces complications, which needs to be addressed by the specification. These problems are discussed in detail in a stage 3 contribution “Issues with the existing QoS framework (Stage 3)” [1]. 
The SDAP header, from RAN2 point of view, is expected to carry 5GC QoS Flow ID and Reflective QoS Indication and a LS was sent to SA2 [2]. 
Table 1: LS reply from SA2 on SDAP header design
S2-178056. Reply LS on SDAP header design: 
Size of the QFI field: <text omitted> At least a 7-bit QFI will be needed.
RQI bits: <text omitted> Reflective QoS Indication shall be provided first on N3 by the UPF to the RAN and then on the radio interface by the RAN to the UE, unaltered vs. that on N3.
This LS creates a conflict between what is already agreed by RAN2 and what is possible to achieve with the current design (bullets 1-4 above). In order to have 7-bit QFI and 1-bit RQI in 8-bit header, with the limitation that gNB should carry the RQI-bit unaltered, at least some of the RAN2 agreements need to be reverted. 
[bookmark: _Toc497825292][bookmark: _Toc497825356][bookmark: _Toc497899589][bookmark: _Toc497982644][bookmark: _Toc498352203][bookmark: _Toc498352902][bookmark: _Toc498353018][bookmark: _Toc498353586][bookmark: _Toc498356672][bookmark: _Toc498356838][bookmark: _Toc498636938]There is a conflict between RAN2 agreements and SA2 LS on SDAP header format. 
In [x] details on the current issues are described, along with suggestions for solution options. In this analyse, it is furthermore concluded that as the AS reflective Qos itself achieve only very limited gain in reducing signalling, one should consider what essential functionality is necessary for the December release. In summary, to achieve a clean header design in SDAP, with functionality that guarantees flexible and unambiguous QoS framework with reduced complexity for NR, the AS reflective QoS can be removed.
What is needed in this case is that gNB explicitly configures the mapping of all QFIs in each PDU session as already supported currently in assumed RRC signalling. 

[bookmark: _Toc498349700][bookmark: _Toc498352905][bookmark: _Toc498353576][bookmark: _Toc498356675][bookmark: _Toc498356828][bookmark: _Toc497825210][bookmark: _Toc497825295][bookmark: _Toc497825359][bookmark: _Toc497899592][bookmark: _Toc497920597][bookmark: _Toc497982647][bookmark: _Toc498349701][bookmark: _Toc498352906][bookmark: _Toc498353577][bookmark: _Toc498356676][bookmark: _Toc498356829][bookmark: _Toc498636941]To resolve problems introduced by AS reflective QFI to DRB mapping, RAN2 is kindly asked to discuss about removal AS reflective QoS concept. 
[bookmark: _Toc497825360][bookmark: _Toc497899593][bookmark: _Toc497920598][bookmark: _Toc497982648][bookmark: _Toc498349702][bookmark: _Toc498352907][bookmark: _Toc498353578][bookmark: _Toc498356677][bookmark: _Toc498356830][bookmark: _Toc498636942]RAN2 confirms that gNB configures explicitly mapping for all the QFIs in PDU session. 

Default DRB in 5G QoS framework 
The concept of default DRB was agreed by RAN2 in order to map QFIs without explicit QFI to DRB mapping into default DRB that exits always after PDU session initialization. This solution was targeted to solved a case where 5GC used N1 signalling to provide QFI rules to the UE but QFI to DBR mapping was missing (gNB did not configure QFIs). This case became obsolete as SA2 agreed to have N2/NG-C signalling to gNB when TFT/SDF filters are delivered to UE via N1 signaling. The gNB gets information about all QFIs known in PDU session [3]. 
The solution of having always default DRB sounds initially very tempting. However, when looked more closely, the underlying details reveal that the default DRB is not as happy DRB as initially thought. It comes with added system complexity. 
1. Remapping of QFI to correct DRB is expected to increase with default DRB
2. New traffic forwarded to default DRB gets wrong treatment when new traffic is higher priority than the base traffic in default DRB. I.e. default DRB breaks the e2e QoS. 
3. What the default QoS profile is based, should the default DRB be general in the whole network or specific to a certain flow?  If it is based on QoS Flow, what happens when the QFI is removed? 
4. RRC signaling overhead is increased. When gNB sends QFI to DRB mapping for all QFIs and additionally, it sends “Default DRB” parameter. The “Default DRB” parameter is redundant. 
5. Default DRB assumes that 5GC will create number of hanging QFIs. 
[bookmark: _Toc497825050][bookmark: _Toc497825293][bookmark: _Toc497825357][bookmark: _Toc497899590][bookmark: _Toc497982645][bookmark: _Toc498352204][bookmark: _Toc498352903][bookmark: _Toc498353019][bookmark: _Toc498353587][bookmark: _Toc498356673][bookmark: _Toc498356839][bookmark: _Toc498636939]Default DRB introduces issues without delivering improvements to the system 
Alternative, and parallel solution, for having default DRB is to require gNB to explicitly configure mapping for every QFI received from the 5GC. Not only this mechanism simplifies specification, but also removes problems introduced by the default DRB (1-5). 
In order to demonstrate the problems of default DRB, the figure 4 provides an example of system using default DRB (Case 1) or explicit QFI to DRB mapping (Case 2). 
In case 1, UE is initially configured with DRB 1 and Default DRB (Figure 4: 1a). The gNB sends QFI to DRB mapping list to UE, which contains two entries, one for QFI 1 and another for QFI 2. From the configuration, UE will know that all other QFIs will be mapped to a default DRB. 
The case 1a seems to reduce signalling when the initial configuration is send. However, when all QFIs are active, i.e. there is traffic, the gNB will need to establish new DRBs and perform remapping of QoS Flows to correct DRBs. Not only this removes the signalling benefits of 1a, but also it introduces unnecessary remapping when QFIs pop up one-by-one. One option could be, in the case 1b, to create URLLC DRB in the stage 1a, but that would make the default DRB concept nonessential, even when it’s being used (the default DRB would use parallel mechanism described in case 2). 
In case 2, explicit signalling is used without default DRB. The gNB will initially send QFI to DRB mapping to UE that contains all QFIs signalled by AMF and create DRBs. The QFI to DRB mapping list is longer than in case 1, but it corresponds exactly to the QoS requirements of the QoS Flows, i.e. it initially full fills the QoS requirements for each QoS Flow. This is something that the default DRB may not ever achieve. When QFIs are active, there is no need to change mapping in case 2b, because UE already knows the correct QFI to DRB mapping. 
[bookmark: _Toc497825051][bookmark: _Toc497825294][bookmark: _Toc497825358][bookmark: _Toc497899591][bookmark: _Toc497982646][bookmark: _Toc498352205][bookmark: _Toc498352904][bookmark: _Toc498353020][bookmark: _Toc498353588][bookmark: _Toc498356674][bookmark: _Toc498356840][bookmark: _Toc498636940]Explicit QFI to DRB mapping is able to cover all the cases where default DRB would be used. 

	
Figure 4	Comparison between Default DRB and explicit signalling. 
It may be observed from the figure 4 that the case 2 does not remove behaviour similar to the default DRB. The gNB is allowed to map as many QFIs to a DRB it prefers. However, in that case, the implementation is responsible of maintaining the expected QoS for each QFI. As a result, gNB is responsible to resolve potential issues caused by its mapping. This removes unambiguity from specification and establishes clean QoS framework for NR.  
[bookmark: _Toc494045904][bookmark: _Toc494375575][bookmark: _Toc497822012][bookmark: _Toc497825211][bookmark: _Toc497825296][bookmark: _Toc497825361][bookmark: _Toc497899594][bookmark: _Toc497920599][bookmark: _Toc497982649][bookmark: _Toc498349703][bookmark: _Toc498352908][bookmark: _Toc498353579][bookmark: _Toc498356678][bookmark: _Toc498356831][bookmark: _Toc498636943]Remove the concept of a default DRB. The RAN configures an explicit mapping of flows to DRBs for all QoS Flow IDs.
Conclusion
In section 2 we made the following observations:
Observation 1	QFI is always signaled via N2 interface according to TS 23.501
Observation 2	RAN3 TS 38.413 specifies that each QFI is associated with a DRB inside PDU session.
Observation 3	5GC Reflective QoS is optional for UEs to implement.
Observation 4	The DL SDAP header is not mandatory per DRB, except when reflective QoS is configured per DRB.
Observation 5	Default QoS rule is independent concept from the QFI to DRB mapping. This mechanism does not require default DRB.
Observation 6	AS reflective QFI to DRB mapping cannot be used independently, it requires extensive RRC signalling to be able to operate.
Observation 7	There is a conflict between RAN2 agreements and SA2 LS on SDAP header format.
Observation 8	Default DRB introduces issues without delivering improvements to the system
Observation 9	Explicit QFI to DRB mapping is able to cover all the cases where default DRB would be used.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	To resolve problems introduced by AS reflective QFI to DRB mapping, RAN2 is kindly asked to discuss about removal AS reflective QoS concept.
Proposal 2	RAN2 confirms that gNB configures explicitly mapping for all the QFIs in PDU session.
Proposal 3	Remove the concept of a default DRB. The RAN configures an explicit mapping of flows to DRBs for all QoS Flow IDs.
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