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1 Introduction

Last SA2 meeting made progress on QoS architecture.  According to SA2 decision, each packet on NG3 has a marking indicating the QoS treatment for the packet.
There are two types of QoS markings on NG3:

-
Markings that have standardise QoS characteristics (see bullet 11 in Annex B of this paper); for purpose of discussion in this document, the acronym FPI is used to denote these.

-
Markings that point to dynamic QoS parameters signalled via NG-C (refer to bullet 12 in Annex B of this paper); for purpose of discussion in this document, the acronym FII is used to denote Dynamic QoS. 

SA2 also agreed that for service data flows of GBR type there is a need to use C-plane signalling; for that reason we assume that GBR traffic will fall into the FII category.  

This document considers the QoS signalling and functional framework in RAN in the light of the SA2 status. 
2 Discussion
From the end to end system point of view, (at least) the following key scenarios need to be considered:  

· PDU session establishment
· Establishment of new DRB to support FPI traffic (e.g. triggered by arrival of DL packet on NG3 with FPI marking for which there is no suitable DRB is established). 
· Establishment of new DRB to support FII traffic.  
· DL Packet with new FPI/FII
 that needs to be carried in an existing DRB (only relevant if QoS Flow multiplexing in the same DRB is allowed [1])
· UE initiated UL QoS flow using pre-authorised QoS (e.g., if none of the existing DRBs can support the required QoS and a new DRB needs to be set up by the UE using one of the pre-authorised QoS rules)
· End of an FPI/FII session (DRB release)
Other scenarios where UL filter needs to be updated when new service data flows are added and removed from a DRB is expected to be handled using reflective QoS and does not involve signalling.  These are not discussed in this contribution.

For each of these scenarios, the following functionality is to be supported:

	Scenario
	Information to be transferred to the UE
	Actions required in the RAN and/or UE

	PDU session establishment
	1) Default QoS and pre-authorised QoS (optional) for UL FPI

2) RAN QoS parameters of the FPI/FII (if applicable)
	1) Set up DRB for the default QoS rule (FPI or FII + UL filter) of the PDU session (if new DRB is setup
)
2) Store pre-authorised QoS for later use


	DL Packet with new FPI in new DRB
	1) FPI
 
2) RAN QoS parameters of the FPI (if applicable)
	1) Set up DRB
2) UE  derives UL filter using reflective QoS and uses them for DRB binding of UL traffic
3) apply QoS parameters associated with FPI and signalled RAN QoS parameters

	DL Packet with new FII in new DRB (e.g., GBR)
	1) FII
2) QoS parameters of the FII  and RAN QoS parameters (if applicable)

3) UL filter 
	1) Set up DRB
2) apply associated signalled UL filter

3) apply signalled QoS parameters associated with FII and signalled RAN QoS parameters

	DL Packet with new FPI/FII
 in an existing DRB (only relevant if RAN muxing is allowed [1])
	1) FPI/FII
2) Filters for FII 
3) RAN QoS parameters (if it changes)
	1) Update UL filter using reflective QoS (For FPI) or as explicitly signalled (for FII)
2) apply (signalled for FII) QoS parameters associated with FPI/FII and signalled RAN QoS parameters (if any)


	UE initiated UL packet in a new service flow with QoS  that requires new DRB
	1) FPI (pre-authorised QoS)

	1) Initiate DRB set up with appropriate pre-authorised QoS


	No further data expected for a DRB
	DRB release (need is discussed separately)  
	Release DRB


From the above table, the information that needs to be signalled to UE and the functionality to be supported in RAN can be extracted as follows:

To be signalled to UE:

1) Pre-authorised QoS

2) QoS information and associated UL filter for FII-type of traffic
3) RAN specific QoS parameters for FPI/FII (where necessary)

4) Transfer of FPI/FII on packet-by-packet basis
Some of them are more dependent on SA2 and these are discussed first below:

	Functionality
	Options
	discussion
	Conclusion

	Pre-authorised QoS 
	Over NAS at PDU session establishment 
	This is really a NAS function and there is need for NAS signalling already to carry other information.  
	There is not a big difference between the two options from RAN point of view.  The decision on whether to use NAS can be left to SA2.  

	
	Using RRC at PDU session establishment 
	RAN needs to know preauthorised QoS anyway for verification. 

Some RAN parameters may need to be signalled as well.  So using RRC (either as container or not) is also a valid option and does not involve additional signalling

	

	NAS QoS info (including UL filter) for FIIs for DL initiated DRBs
	Over NAS at DRB   establishment 
	This is really a NAS function and there is need for NAS signalling already to carry other information.  
	There is not a big difference between the different options from RAN point of view. The decision on whether to use NAS can be left to SA2.  

	
	Over RRC at DRB establishment
	RAN needs to know QoS for FII anyway.

Some RAN parameters may need to be signalled as well.  So using RRC (either as container or as not) is also a valid option and does not involve additional signalling
	

	
	
	
	


Observation #1: Pre-authorised QoS and NAS QoS info (including UL filter) for FIIs for DL initiated DRBs can be carried over NAS or RRC and there is not a big difference between them.  RAN2 can wait for SA2 decision on this.

The following signalling and functions are RAN related and are discussed in more detail:

2.1 FPI/FII and RAN specific QoS parameters:
SA2 is discussing the need to transfer the QoS information to the UE (either in the form of FPI or as a set of QoS parameters associated with an FII) for SA2 specific reasons.     SA2  is in the process of defining the QoS characteristics associated with FPI and FII markings.  According to bullet 13 in Annex B of this paper, they will be similar to the parameters defined for QCI in LTE.  In LTE, these parameters where then mapped to RAN specific parameters for use by the scheduler.   The list of LTE RAN QoS parameters are provided in Annex A.  While most of these are likely to be needed also for NR, some of them (like PBR concept) may need further discussion before adopting it.  Further, the FPI/FII priority could be used for Radio Bearer priority.
Further, many of these parameters are likely to use the same values for most non-GBR bearers.  Hence it is quite possible to create a new DRB without any RRC signalling and adopting the values signalled (except priority) for a previously configured non-GBR bearer e.g., the first DRB during the PDU session establishment and corresponding to the default QoS rule.,   .  FPI/FII can convey the priority information that can be used also for the radio interface.  FPI/FII is carried inband over NG-U interface.  In line that model, it is proposed to also carry it over the user plane on the radio in the UP header.   Optimisations for small packet sizes can be considered separately. 
Hence it is proposed:

Proposal #1: FPI/FII is mapped to RAN specific QoS parameters by NR RAN.  
Proposal #2: RAN QoS parameters should be carried over RRC signalling at least for some bearer setup scenarios.  

Proposal #3: FPI/FII is carried in the UP (e.g. PDCP) packet header.  
Header details on how this information is carried is FFS.  Specific to FII traffic, this does not preclude the possibility to also carry the association between a DRB and the FII in RRC messages, especially for GBR bearers where RRC messages need to be sent.

As discussed in Tdoc [2], and per discussion above for carrying QoS information, it seems possible for gNB to setup at least non-GBR DRBs without explicit bearer set up RRC signalling.  Similarly, it also seems possible for UEs to create UL flows using pre-authorised QoS without explicit RRC signalling.  
Proposal #4: DRB setup without explicit RRC signalling should be supported.
DRB release could be explicitly signalled for FII and explicitly signalled or timer based for FPI corresponding to the approach taken to set up the DRB.
3 Summary and proposals

The document discussed the RAN aspects of supporting QoS according to the current SA2 model.  Different scenarios were analysed for the information that needs to be transferred to the UE and the functionality to be supported.  It looked at what topics can be considered by RAN2 already and what can wait for SA2.  
Several proposals were made on how to convey QoS information in RAN and on DRB setup.

Observation #1: Pre-authorised QoS and NAS QoS info (including UL filter) for FIIs for DL initiated DRBs can be carried over NAS or RRC and there is not a big difference between them.  RAN2 can wait for SA2 decision on this.

Proposal #1: Standardised/Dynamic QoS marking  is mapped to RAN specific QoS parameters by NR RAN.  RAN QoS parameters could be carried over RRC signalling at least for some bearer setup scenarios.  

Proposal #2: RAN QoS parameters should be carried over RRC signalling at least for some bearer setup scenarios.  

Proposal #3: It is proposed to carry Standardised/Dynamic QoS marking in the RAN UP (e.g., PDCP) packet header.  
Proposal #4: DRB setup without explicit RRC signalling should be supported.
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5 Annex A: RAN QoS parameters used in LTE
	NAS/AS bearer related
	EPS bearer id

DRB id (1..32)

	PDCP
	PDCP discard timer

Status report required

PDCP SN size

Header compression profile

	RLC AM
	t-reordering

t-statusprohibit

Extended LI fields

	MAC
	LCID (3..10)

Priority (1..16)

PBR, bucket size duration (*check with R5 if there is a test case* )
Logical channel group

Logical channel SR Mask

Logical channel SR prohibit

	DC related
	PDCP t-reordering

DRB type


6 Annex B: Excerpt from QoS interim agreements in R 23.799

8.2
Interim Agreements on Key Issue #2: QoS framework

Interim agreements for Key issue #2 QoS framework are as follows:

1
Support Reflective QoS over RAN under control of the network. The network decides on the QoS to apply on the DL traffic and the UE reflects the DL QoS to the associated UL traffic. When the UE receives a DL packet for which reflective QoS should be applied, the UE creates a new implicit QoS rule. The packet filter in the implicit QoS rule is derived from the header of the DL packet.
Editor's note:
It is FFS whether Reflective QoS indication is signalled via C-plane, or inband, or not signalled at all.
Editor's note:
It is FFS whether implicit rules (derived via Reflective QoS) have higher or lower precedence order compared to explicitly signalled QoS rules.
2.
U-plane marking for QoS is carried in encapsulation header on NG3 i.e. without any changes to the e2e packet header.

3a.
A default QoS rule shall and pre-authorised QoS rules may be provided at PDU Session establishment to UE. 

Editor's note:
The content of the QoS rule is FFS, including a possible change of the term to avoid confusion with PCC/QoS rules. It is FFS whether the QoS rule signalling to UE involves NAS or AS-level signalling.

Editor's note:
QoS related signalling to the UE for non-3GPP access is FFS.

3b. QoS rules can be (e.g. depending on access capabilities) provided at PDU Session establishment to the RAN using NG2 signalling.

4.
QoS Flow-specific QoS signalling via the C-plane is needed for GBR SDF.

5.
NG2 signalling related to QoS, outside of PDU Session establishment, corresponding to a pre-authorised QoS rule should be minimised for initiation, modification or termination of SDFs with no GBR requirements.

Editor's note:
This is target for SA2, but the feasibility needs to be confirmed by RAN.

Editor's note:
NG2 QoS related signalling for non-3GPP access is FFS.

6.
NG1 signalling related to QoS, outside of PDU Session establishment, corresponding to a pre-authorised QoS rule should be minimised for initiation, modification or termination of SDFs with no GBR requirements.
Editor's note:
NG1 QoS related signalling for non-3GPP access is FFS.
7.
For the purpose of subscription and service differentiation, enforcement of UL rate limit per Service Data Flow and per PDU Session shall be done in a CN_UP, being a trusted point of enforcement in the network, handling all traffic of the PDU session.
Editor's note:
It is FFS which type of flows the CN_UP applies “per SDF”, “per PDU session” rate limitation on.
8.  The AN shall enforce a rate limit in UL per UE. 
Editor's note:
It is FFS which type of flows the AN applies rate limitation on.
Editor's note:
How to handle UL rate limitation per UE when the UE has access over non-3GPP AN and when the UE has access over multiple ANs including 3GPP and non-3GPP ANs is FFS

Editor's note:
UL Rate limitation requirements for the UE is FFS.
9.
QoS Flow is the finest granularity for QoS treatment in the NG System.
10.1. In the downlink the (R)AN binds QoS Flows onto access-specific  resources based on the NG3 marking and the corresponding QoS characteristics provided via NG2 signalling. Packet filters are not used for binding of QoS Flows onto access-specific  resources in (R)AN.

10.2. UE binds uplink packets onto access-specific  resources based on information for binding uplink packets onto access-specific  resources provided explicitly by the access network and/or based on QoS rules (explicitly signaled or implicitly derived via reflective QoS).

Editor's note:
It is FFS whether UE is aware of the QoS level / QoS profile associated with a QoS flow.
11. Some User plane markings are scalar values that have standardized QoS characteristics. 
12. Some User plane markings are scalar values that point to dynamic QoS parameters signalled over NG2.

13. Dynamic QoS parameters may include the following:

a. Maximum Flow Bit Rate
b. Guaranteed Flow Bit Rate.
c. Priority level
d. Packet Delay Budget
e. Packet Error rate.
f. Admission control. 
Editor's note:
Whether a certain parameter in bullet 13) applies to both bullets (#11 and #12) or only one of them (either bullet #11 or bullet #12) is FFS.

Editor's note:
Whether Priority Level is used for more than scheduling purpose is FFS.
� Also includes change of FPI/FII for a service flow that results in change of DRB for this flow


� If more than one PDU session can be multiplexed on the same DRB, then there is no need to set up a new DRB upon PDU Session establishment


� Need for sending QoS attributes of a QoS Flow to the UE (whether in the format of an FPI or the set of QoS characteristics associated with an FII) is under discussion in SA2.  Reasons include relay handling, or applications (e.g. MCPTT) that are capable of indicating required QoS.


� Also includes change of FPI/FII for a service flow that results in change of DRB for this flow


� Need for signalling for this is discussed separately






