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Introduction
This contribution discusses about stage 3 issues existing in the current QoS framework. Two approaches can be taken in order resolve the issues, either simplify the base-line functionality or to introduce additional solutions to resolve the issues. Some of the issues would need to be resolved already in RAN2#100 meeting. Stage 2 details of the QoS framework are discussed in a contribution: Analysis of the QoS framework (Stage 2) [1].
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.
[bookmark: _Toc498352896][bookmark: _Toc498353012][bookmark: _Toc498637198][bookmark: _Toc498637236]QFI is always signaled via N2 interface according to TS 23.501

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: _Toc498352206][bookmark: _Toc498352897][bookmark: _Toc498353013][bookmark: _Toc498637199][bookmark: _Toc498637237]RAN3 TS 38.413 specifies that each QFI is associated with a DRB inside PDU session. 

[bookmark: _Ref178064866]Discussion
The main concerns regarding the Access Stratum (AS) Reflective QFI to DRB mapping are following: 
1. UE processing of each DL packet 
2. Added UE implementation complexity 
3. Questionable signalling benefits
4. SDAP header format and overhead addition 
AS reflective QoS mechanism 
The Access Stratum (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 
The initial purpose of AS reflective QoS mechanism was to reduce Access Stratum signalling. However, the  mechanism is unable to operate without RRC signaling. The AS reflective QFI to DRB mapping mechanism can only work after the DRBs have been established by RRC, and therefore, the only signaling benefit that can be achieved is in the case where source and target DRBs are both established and AS-reflective mechanism is used. Following table describes mapping cases, where AS reflective QoS could be used and analyzes benefits. 
Table 1	Signaling & Overhead Comparison of AS-reflective mapping options
	Case (AS reflective QoS is enabled in all cases)
	Can the mechanism work without RRC signaling? 
	How frequently changes are expected?
	Reduction in Signalling 
	DL & UL overhead

	DL traffic: QFI is mapped to a new DRB
	No, the DRB needs to be established
	Non-frequently
	None
	Increased for each DL & UL packet 

	UL traffic: QFI is mapped to a new DRB
	No, cannot be done with AS reflective QoS. 
	Non-frequently
	None
	Increased for each DL & UL packet

	DL traffic: QFI is mapped to an existing DRB 
	No, initial DRB setup requires RRC signaling, AS mapping does not. 
	Non-frequently
	None/Minimal
	Increased for each DL & UL packet

	UL traffic: QFI is mapped to an existing DRB
	N/A, UE cannot make the decision. AS mapping cannot be used 
	N/A
	N/A
	N/A 

	UL traffic: QFI is mapped to default DRB
	No, it is likely the QFI needs to be re-mapped to another DRB. 
	Non-frequently 
	Potential increase of signaling. 
	Increased for each DL & UL packet

	DL traffic: QFI is mapped to default DRB
	N/A, there is no need to send DL traffic to default DRB. 
	N/A 
	N/A. 
	N/A



[bookmark: _Toc496795464][bookmark: _Toc497139221][bookmark: _Toc497140009][bookmark: _Toc497140369][bookmark: _Toc497140572][bookmark: _Toc497140587][bookmark: _Toc497229877][bookmark: _Toc497303718][bookmark: _Toc497825505][bookmark: _Toc497910603][bookmark: _Toc497910660][bookmark: _Toc497912249][bookmark: _Toc498637200][bookmark: _Toc498637238]AS reflective QFI to DRB mapping mechanism has negative impact on DL and UL overhead.
[bookmark: _Toc496795465][bookmark: _Toc497139223][bookmark: _Toc497140010][bookmark: _Toc497140370][bookmark: _Toc497140573][bookmark: _Toc497140588][bookmark: _Toc497229878][bookmark: _Toc497303719][bookmark: _Toc497825506][bookmark: _Toc497910604][bookmark: _Toc497910661][bookmark: _Toc497912250][bookmark: _Toc498637201][bookmark: _Toc498637239]AS reflective QFI to DRB mapping mechanism by DRB establishment & modifications always require RRC signalling. 
[bookmark: _Toc497139222][bookmark: _Toc497140011][bookmark: _Toc497140371][bookmark: _Toc497140574][bookmark: _Toc497140589][bookmark: _Toc497229879][bookmark: _Toc497303720][bookmark: _Toc497825507][bookmark: _Toc497910605][bookmark: _Toc497910662][bookmark: _Toc497912251][bookmark: _Toc498637202][bookmark: _Toc498637240][bookmark: _Toc497912252]AS reflective QFI to DRB mapping introduces reduced signaling only in a single corner case, but adds significant complexity to the UE and Network implementations. 
The AS reflective QFI to DRB mapping requires UE to process every DL packet with SDAP header in order to check changes in the QFI to DRB mapping. There are two main mechanisms to achieve this. Either UE keeps track of the QFIs per DRB and reacts to the changes in the mapping for DRBs where SDAP header is configured. Alternatively, there is a bit indicating in the SDAP header that the mapping has changed. The first option requires UE to process all QFIs while the second option requires UE to react on QFI to DRB mapping change only when SDAP header indicates so. The first option may require more processing than the second option, while in both cases, UE needs to observe changes in SDAP header. This per-packet analysis of in-band signalling in high data rate scenarios will be expensive and may result worse power performance than using conventional RRC signalling (as the QFI mapping is not expected to change often (e.g. every second). Currently, none of the companies have introduced use cases where QFI to DRB mapping would require extensive remapping of QoS flows. This of course with the exception of default DRB, that introduces significantly more remapping than explicit QFI to DRB mapping, but that is a problem which we (RAN2) have created in a process of renovating QoS framework for NR. Topic of default DRB is discussed in [1]. 
As the UE processing is increased, also the implementation complexity will increase. 
[bookmark: _Toc497910606][bookmark: _Toc497910663][bookmark: _Toc497912253][bookmark: _Toc498637203][bookmark: _Toc498637241]UE is required to process each DL packet for AS reflective QFI to DRB mapping. This is expensive in high data rate scenarios. 
As a solution for the in-band AS reflective QFI to DRB mapping indication, RAN2 made working assumption to bind RQI indication to AS reflective indication. However, based on LS from SA2 [2], this does not work as the RQI needs to be delivered to the UE unaltered. This Scopes down the usage of AS reflective QoS as the only option with 7-bit header is to bind the AS QFI to DRB mapping mechanism to NAS mechanism. In this case, it needs to be acknowledged that binding the NAS Reflective QoS (RQ) and AS QFI to DRB mapping hands the control of AS mechanism over to the 5GC.  As the implementation of NAS reflective QoS is optional for UEs, the implementation of AS reflective mechanism will become also optional for UEs. This introduces a question of why the Access Stratum should be complicated with the AS QFI to DRB mapping that can be only used with optional UE feature. 

Alternatively, the SDAP header could be extended to 2-byte field, but that would add significant overhead as there would be 7 out of 16-bits (44%) “Reserved” and it would potentially make UL and DL SDAP header sizes asymmetric. This would also mean that the agreements made about RAN2 SDAP header would need to be reverted and SDAP header re-designed in RAN2#100. 
 
[bookmark: _Toc497910607][bookmark: _Toc497910664][bookmark: _Toc497912254][bookmark: _Toc498637204][bookmark: _Toc498637242]AS reflective QoS mechanism cannot be used with 1-byte SDAP header without binding it to NAS Reflective QoS mechanism.
[bookmark: _Toc497910608][bookmark: _Toc497910665][bookmark: _Toc497912255][bookmark: _Toc498637205][bookmark: _Toc498637243]Binding NAS Reflective QoS mechanism with AS QFI to DRB mapping would make AS-reflective mechanism 5GC controlled and optional to implement, as NAS RQ is optional.  
[bookmark: _Toc497910609][bookmark: _Toc497910666][bookmark: _Toc497912256][bookmark: _Toc498637206][bookmark: _Toc498637244]Introducing 2-byte SDAP header would mean that 7/16 (44%) of SDAP header bits would be overhead and UL and DL headers could be asymmetric. 
In LTE, the delivery of DRB configuration is done with RRC signalling. Similar mechanism can be used as an only mechanism to convey QFI to DRB mapping. The benefit of this solution is obvious, RRC signalling is an existing solution which is proven to be working. As mentioned previously, the DRB configurations are not expected to change frequently. Therefore, the changes in QFI to DRB mapping are not time-critical such as requiring in-band signalling. 
[bookmark: _Toc497139226][bookmark: _Toc497140014][bookmark: _Toc497140374][bookmark: _Toc497140577][bookmark: _Toc497140592][bookmark: _Toc497229882][bookmark: _Toc497303723][bookmark: _Toc497825509][bookmark: _Toc497910610][bookmark: _Toc497910667][bookmark: _Toc497912257][bookmark: _Toc498637207][bookmark: _Toc498637245][bookmark: _Toc497910611][bookmark: _Toc497910668]RRC signalling is able to cover all the aspects of QFI to DRB mapping without negative impact on UEs QFI mapping performance. I.e. the AS reflective QFI to DRB mapping is redundant. 
From the network perspective, AS reflective QFI to DRB mapping is purely optional, as the mechanism is redundant and all the cases of AS reflective QFI to DRB mapping may be covered with RRC signalling. 
[bookmark: _Toc497912258][bookmark: _Toc498637208][bookmark: _Toc498637246]Network may decide never to use configure AS reflective QoS mechanism. This would waste UE resources.  
As justified in sections above, current QoS framework can be simplified without removing any functionality by removing AS reflective QoS mechanism. 
[bookmark: _Toc497139228][bookmark: _Toc497139810][bookmark: _Toc497140016][bookmark: _Toc497140121][bookmark: _Toc497140376][bookmark: _Toc497140579][bookmark: _Toc497229885][bookmark: _Toc497303725][bookmark: _Toc497825433][bookmark: _Toc497825511][bookmark: _Toc497825520][bookmark: _Toc497910693][bookmark: _Toc497912285][bookmark: _Toc498637209]Consider removing the AS reflective QFI to DRB mapping from TS 37.324. 
[bookmark: _Toc497139229][bookmark: _Toc497139811][bookmark: _Toc497140017][bookmark: _Toc497140122][bookmark: _Toc497140377][bookmark: _Toc497140580][bookmark: _Toc497229886][bookmark: _Toc497303726][bookmark: _Toc497825434][bookmark: _Toc497825512][bookmark: _Toc497825521][bookmark: _Toc497910694][bookmark: _Toc497912286][bookmark: _Toc498637210]If proposal 1 is not agreed, RAN2 is kindly requested to resolve issues described in section 2.5 and P3-P6 for December 2017 release. 
Issues required to be resolved for AS-reflective QFI to DRB mapping supported.
RQI indication and Header Size
Based on the LS from SA2, the length of the QFI needs to be at least 7-bits. The 7-bit QFI fits well with the current working assumption of having one bit RQI and 7-bit QFI.

One feature of the NAS reflective QoS mechanism is that N1 signalling does not exist for RQI and the CN uses RQI is used to reset reflective QoS timer. The LS from SA2 also stated that the RQI bit should be delivered to the UE unchanged. This means that the previous assumption of combining AS-reflective mapping indication with the NAS-RQI cannot work. 
To resolve the issue, there are three options. 
1. Use only RRC signalling to deliver QFI to DRB mapping (no need for AS-reflective mapping mechanism). 
2. Add 1-bit AS-indication and 7-reserved bits to the SDAP header. This agreement adds overhead to every packet and reverts previous agreement of having 1-byte SDAP header. 
3. Have alternative mechanism for indicating the AS-reflective QFI to DRB mapping change. For example, use specific range of QFI values to indicate start of the reflective mapping period.  


Figure 1	Impact of the AS reflective mechanism to header format	

[bookmark: _Toc497229887][bookmark: _Toc497303727][bookmark: _Toc497825435][bookmark: _Toc497825513][bookmark: _Toc497825522][bookmark: _Toc497139812][bookmark: _Toc497140018][bookmark: _Toc497140123][bookmark: _Toc497140378][bookmark: _Toc497140581][bookmark: _Toc497910695][bookmark: _Toc497912287][bookmark: _Toc498637211]The SDAP header format is re-designed using an option above.

Mismatch of QoS configuration in Handover when reflective Mechanism is used 
In previous meetings, it was decided that the UE follows latest QFI to DRB mapping, whether it is RRC or AS reflective mapping. This introduces a problem when handover is made based on RRC configuration. This issue needs to be resolved if AS reflective mechanism is maintained. 
[bookmark: _Toc497139813][bookmark: _Toc497140019][bookmark: _Toc497140124][bookmark: _Toc497140379][bookmark: _Toc497140582][bookmark: _Toc497229888][bookmark: _Toc497303728][bookmark: _Toc497825436][bookmark: _Toc497825514][bookmark: _Toc497825523][bookmark: _Toc497910696][bookmark: _Toc497912288][bookmark: _Toc498637212]Resolve mismatch of QoS configuration during HO when AS reflective QFI to DRB mapping is used. 
Potential QFI length mismatch in N3 and SDAP header 
If the SA2 selects 7-bit QFI and RAN2 selects 6-bit QFI, there is obvious mismatch between headers. This results that the mapping needs to be managed by RAN. Advantages of 7-bit QFI is that the UE is able to directly identify 5QI value from the QFI, which results that there is no need to convey QFI to 5QI mapping in RAN. This simplifies the framework.
[bookmark: _Toc497139814][bookmark: _Toc497140020][bookmark: _Toc497140125][bookmark: _Toc497140380][bookmark: _Toc497140583][bookmark: _Toc497229889][bookmark: _Toc497303729][bookmark: _Toc497825437][bookmark: _Toc497825515][bookmark: _Toc497825524][bookmark: _Toc497910697][bookmark: _Toc497912289][bookmark: _Toc498637213]Resolve problem of QFI length mismatch in N3/NG-U and SDAP header so that QFI to 5QI mapping in RAN is straightforward. 
Dual connectivity coordination with SDAP header. 
When there are MgNB and SgNB connected to a same UE, AS reflective QoS mechanism may be used independently. This introduces a problem where SDAP header needs to be removed or packets need to be dropped when PDCP SDU is moved from source to target node. This is an issue which needs to be resolved already for EN-DC if AS reflective mechanism is not removed.  
[bookmark: _Toc497139815][bookmark: _Toc497140021][bookmark: _Toc497140126][bookmark: _Toc497140381][bookmark: _Toc497140584][bookmark: _Toc497229890][bookmark: _Toc497303730][bookmark: _Toc497825438][bookmark: _Toc497825516][bookmark: _Toc497825525][bookmark: _Toc497910698][bookmark: _Toc497912290][bookmark: _Toc498637214]Resolve DC coordination with SDAP header between MgNB and SgNB. 
Conclusion
[bookmark: _Hlk497140134]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	AS reflective QFI to DRB mapping mechanism has negative impact on DL and UL overhead.
Observation 4	AS reflective QFI to DRB mapping mechanism by DRB establishment & modifications always require RRC signalling.
Observation 5	AS reflective QFI to DRB mapping introduces reduced signaling only in a single corner case, but adds significant complexity to the UE and Network implementations.
Observation 6	UE is required to process each DL packet for AS reflective QFI to DRB mapping. This is expensive in high data rate scenarios.
Observation 7	AS reflective QoS mechanism cannot be used with 1-byte SDAP header without binding it to NAS Reflective QoS mechanism.
Observation 8	Binding NAS Reflective QoS mechanism with AS QFI to DRB mapping would make AS-reflective mechanism 5GC controlled and optional to implement, as NAS RQ is optional.
Observation 9	Introducing 2-byte SDAP header would mean that 7/16 (44%) of SDAP header bits would be overhead and UL and DL headers could be asymmetric.
Observation 10	RRC signalling is able to cover all the aspects of QFI to DRB mapping without negative impact on UEs QFI mapping performance. I.e. the AS reflective QFI to DRB mapping is redundant.
Observation 11	Network may decide never to use configure AS reflective QoS mechanism. This would waste UE resources.

Based on the discussion in section 2 we propose the following:
Proposal 1	Consider removing the AS reflective QFI to DRB mapping from TS 37.324.
Proposal 2	If proposal 1 is not agreed, RAN2 is kindly requested to resolve issues described in section 2.5 and P3-P6 for December 2017 release.
Proposal 3	The SDAP header format is re-designed using an option above.
Proposal 4	Resolve mismatch of QoS configuration during HO when AS reflective QFI to DRB mapping is used.
Proposal 5	Resolve problem of QFI length mismatch in N3/NG-U and SDAP header so that QFI to 5QI mapping in RAN is straightforward.
Proposal 6	Resolve DC coordination with SDAP header between MgNB and SgNB.
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