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1	Introduction
This email discussion is aimed at making progress on the topic of QoS framework ahead of the SA2#116 meeting.
There are currently three categories of QoS framework solutions in TR 23.799:
· Cat 1: solution following the principles of EPS QoS framework (solution 2.1).
· Cat 2: flow-based QoS (solutions 2.2, 2.3, 2.6).
· Cat 3: complementary solutions (2.4, 2.5, 2.7) that can apply to one or both of the previous categories.

There is also an interim agreement on Reflective QoS (clause 8.3), as follows:
1)	Support Reflective QoS over RAN under control of the network. The network decides on the QoS to apply, reflects the DL traffic and the UE reflects the DL QoS for associated UL traffic.
Editor’s note: How reflective QoS is supported will be discussed as part of the solutions.
Cat 1 solution is relatively clear because it follows the EPS bearer model (referred to as “PDU flow”). One point to be clarified in Cat 1 solution is how Reflective QoS works.
Cat 2 solutions would benefit from further clarifications along the lines of WT#3 (“How to distribute the QoS parameters”) and WT#4 (“How to associate the authorised QoS treatment to UP traffic”) i.e. they should be clarified in terms of C-plane signalling and U-plane marking, including details on Reflective QoS support.
The proposal for email discussion is therefore two-fold:
1.  Clarify the Reflective QoS operation in both Cat 1 and Cat 2 solutions (e.g. how is Reflective QoS marking signalled (in-band, out of band), for which type of traffic it is used, etc.)
1.  Consolidate Cat 2 solutions (e.g. FPI vs FII vs QoS ID, use of U-plane markings, use of C-plane QoS signalling, use of NAS vs AS signalling, UE-initiated traffic flows, etc.). The goal is to come up with a single base solution with clearly identified options for further evaluation.

Moreover, in relation to one Cat 3 solution (Sol 2.5), as well as to proposed U-plane markings in Sol 2.2, it is proposed to discuss the notion of “flow” in “flow-based QoS”.
Separate discussions is required to discuss which QoS parameters that shall be authorized and distributed per flow (to control priority, bitrates etc). The discussion about which parameters to assign per flow can be done independent of how the parameters are later distributed within the network.

-	Intermediate check:	Friday 17/06/2016
-	Deadline:					Friday 24/06/2016
2.	Discussion
2.1	Reflective QoS in Solution 2.1
Solution in clause 6.2.1 currently has the following EN related to Reflective QoS:
Editor's note: Further extentions of the reflective QoS beyond the mechanism described in TS 24.139 is FFS.
Reflective QoS in TS 23.139 was defined for fixed broadband access (e.g. in S2b or NSWO scenarios).
A more explicit clarification is needed on how Reflective QoS is used in the Solution 2.1 context e.g. on the following aspects:
· Which QoS information is used by UE to determine the Reflective QoS for uplink traffic: a) the QoS parameter associated with the “PDU flow” on which the DL traffic arrived provided via C-plane signalling (NG1, NG2), b) user plane marking (on NG3 and Uu) associated with DL traffic, c) other?
· If the QoS information used to determine Reflective QoS is provided via U-plane marking, where is this marking included (e.g. in the e2e IP packet header? in encapsulation header?).
· Is it possible to multiplex traffic for which Reflective QoS applies and traffic for which explicit QoS rules apply (e.g. TFT + associated QoS) on the same “PDU flow”? If so, how does UE discriminate between the two (notably, how does this work in presence of “match all” packet filter)?
· Does Reflective QoS apply to non-IP traffic and how?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Ericsson
	Ericsson view on reflective mode described in chapter 2.2.


	Qualcomm
	We have not defined QoS for non-IP traffic, therefore it is premature to decide whether reflective QoS applies to non-IP. I think we can assume it will, but it depends on how we implement QoS for non-IP. 

	
	



Email convenor’s summary:
There is no summary on this topic given that the authors of solution 2.1 chose to provide comments in chapter 2.2.

2.2	Consolidation of solutions 2.2, 2.3 and 2.6
The table below provides a summary of solutions 2.2, 2.3 and 2.6 according to selected criteria for comparison.
The table is aimed at providing a clear description of the current status of these three solutions.
For each criterion there is a separate follow-up clause where individual companies are invited to provide their opinions.
NOTE: The proposed consolidation focuses on work tasks WT#3 and WT#4. Solution-specific aspects that fall under other work tasks (e.g. “Intent-level QoS rules” in Sol 2.3 which seem to fall under WT#1) are not in the scope of this email discussion.

	Criterion
	Solution 2.2
	Solution 2.3
	Solution 2.6

	User plane markings (NG3, Uu)
	On NG3: FPI (or PPI)(6) + RQI (FFS) + PDPI.

On Uu: FPI (or PPI) + RQI (FFS).

FPI + PDPI indicate the required QoS handling i.e. no need for translation.

RQI (FFS) is used to indicate whether UE shall apply Reflective QoS.

FPI is carried in encapsulation header on NG3 and Uu.
	On NG3: FII.

On Uu: FPL(2.3)(1)

FII is a number i.e. does not carry info on QoS to apply.

FPL(2.3) carried on per-packet basis over NG3 and as in-band marking over Uu.(2)
	On NG3: QoS ID

On Uu: QoS ID

QoS ID is a number i.e. does not carry info on QoS to apply.

QoS ID is carried over NG3 and Uu in DL PDU and UL PDU(4).

	Control plane signalling (NG1, NG2, NG4, AS-level)
	NG1: Pre-authorised FPIs signalled to UE upon PDU session establishment.

NG2/NG4: Pre-authorised QoS rules signalled to RAN and UP functions upon PDU session establishment.

No NG1/NG2 signalling for non-GBR flows; only Reflective QoS.

NG1/NG2/NG4 signalling (Flow Descriptor, GFB, MFB) used for GBR flows only.
	NG2/NG4: mapping between FII and/or Flow Descriptor(3) on one side, and QoS rules on the other, is explicitly signalled to RAN and UP functions, at least at PDU session establishment(5). Can be provided ahead of time (i.e. while no corresponding traffic exists). 

Uu: RAN uses AS-level signalling to provide UE with mapping between flows and FPL(2.3)(5).
	NG1: mapping between QoS ID and QoS profile (at least UL Flow Descriptor and UL Max Bitrate) may be signalled to UE(5).

NG2/NG4: mapping between QoS ID and QoS profile signalled to RAN and UP functions(5).

Uu: RAN uses AS-level signalling to provide UE with mapping between QoS ID and radio link(5).

	NAS vs AS
	NAS is used to provide UE with PDU Session level QoS rules (Session Bitrate, Pre-authorised FPIs).

Either NAS or AS-level signalling (FFS) is used to provide UE with flow-level QoS info (for GBR flows only).

Only U-plane markings and Reflective QoS used for non-GBR flows.
	NAS is not used to configure QoS handling in UE.

AS-level signalling used to provide UE with mapping between flows and FPL(2.3).
	NAS is used to provide mapping between QoS ID and QoS profile.

AS-level signalling used to provide UE with mapping between QoS ID and radio link. 

	UE-initiated flows
	UE can initiate uplink traffic using a pre-authorised FPI with no explicit signalling.

UE-selected FPI is included in encapsulation header over Uu and NG3.
	FFS
	FFS

	Reflective QoS
	UE uses Reflective QoS for flows for which there was no C-plane signalling. DL FPI (received over Uu) is used for requesting UL QoS.

If DL RQI is used (FFS), the UE shall apply Reflected QoS if so requested by the RQI.
	UE uses FPL(2.3) (received as in-band marking(2) on DL data units over Uu) to request UL QoS.
	
NG1 signaling is used to provide the UE the QoS ID and the reflective QoS indication.



NOTE 1: FPL (Flow Priority Level) is used in both Sol 2.2 and Sol 2.3 with two very different meanings: FPL(2.2) is similar to ARP, whereas FPL(2.3) is similar to AS-level “Radio Bearer Priority”. To avoid any confusion, we use “2.3” in parentheses next to “FPL”.
NOTE 2: “On per-packet basis over NG3” and “in-band marking over Uu” is the terminology used in Sol 2.3 description. Need to clarify whether the marking is provided in an encapsulation header (i.e. without modifying the e2e packet header) on both NG3 and Uu, similar to Sol 2.2.
[Nokia] Solution 2.3 proposes The Flow Priority Level (FPL(2.3)) that is sent to the UE is determined by the RAN based on local policies. This is part of the radio protocol stack header (whether it is MAC/PDCP header is RAN2 decision). The FPL(2.3) should indicate the relative priority of the application session in order to inform the UE on how should UL differentiation happen. The FPL(2.3) might target one single flow or a set of flows belonging to the same application, e.g., web browsing session. Flows with the same FPL(2.3) should be treated as one aggregate by the UE.
NOTE 3: Needs to clarify the criteria for using FII or Flow Descriptor or both.
[Nokia] FII is sent with every packet / flow. Flow descriptor refers to the packet filters and it is associated with the QoS policies (transport level QoS and intent level QoS) policies.
NOTE 4: “In DL PDU” and “in UL PDU” is the terminology used in Sol 2.6 description. Need to clarify whether the QoS ID marking is provided in an encapsulation header (i.e. without modifying the e2e packet header), similar to Sol 2.2.
NOTE 5: Needs to clarify the criteria for using flow-level C-plane signalling (e.g. is it dependent on flow type?).
NOTE 6: When discussing U-plane markings, “FPI” and “PPI” refer to the same parameter i.e. they can be used interchangeably.

2.2.1	User plane markings (NG3, Uu)
Companies are invited to provide their opinions in the table below on the following:
· Whether the U-plane marking alone indicates specific QoS handling (à la FPI) or is it a number (à la FII, QoS ID) whose meaning is provided via C-plane signalling.
· Is the same U-plane marking used on both NG3 and Uu?
· How is the U-plane marking carried on NG3 and Uu (e.g. encapsulation header, within the e2e IP packet, etc.)?
· Is the U-plane marking used in both DL and UL?
· When there are no explicit QoS rules for a flow, shall, should or may UE apply Reflective QoS? Is a DL RQI marking needed to request a specific UE behaviour on per-flow basis?
· Is PDPI (if used) a distinct U-plane marking or is it included in the FPI/PPI?
· Other (e.g. is PDPI used in the UL and how?).
	Company name
	Comments

	Intel
	FPI + PDPI + RQI are used as U-plane markings.
The marking alone indicates specific QoS handling.
FPI and PDPU are used on both NG3 and Uu in both UL and DL.
RQI is used at least in DL on both NG3 and Uu.
The markings are carried in encapsulation headers on NG3 and Uu (i.e. e2e packet is unmodified).
The use of Reflective QoS in UE is guided by DL RQI.
FPI and PDPI are two distinct markings.
The use of UL RQI is FFS.


	AT&T
	A per packet label is used that describes QoS needs of the packet in a non-access specific manner. The packet markings are industry standardized and are carried in the packet header (as part of New IP header field or tunnel header field is TBD) . In the RAN this per packet marking along with rules communicated over NG3 define RAN treatment of the packet. NG3 rules to an AN are not mandatory for QoS model to work and it is possible that certain access types do not get any NG3 QoS rules. Reflective QoS uses packet marking in downlink to communicate to UE how UE should treat and mark packets in the uplink. UE uses  industry standard QoS packet labels to indicate desired QoS level in UE initiated communications.


	Ericsson
	1. U-plane marking is a pointer to QoS parameters provided via C-plane signalling, and does not indicate a specific QoS handling
2. RAN provides information to UE about which PDU flows that shall be sent on which radio bearer. No 1:1 relation between PDU flow and radio bearer
In UL, UE classifies packets with PDU flow ID (either based on provided filters or reflective mode indicator). The mapping between PDU flow ID and radio bearer is indicated to the UE from RAN (how is to be decided by RAN) 
3. NG3: in the encapsulation header
On Uu: How the PDU flow ID is mapped to Uu interface is a RAN WG decision
4. Yes. Both DL and UL (classification in UL by filters provided from CN_CP to UE or reflective mode indicator)
5. Reflective mode is a complement to filters. It is FFS if no UL filters provided shall be an indication that reflective mode shall be used for the PDU flow, or if reflective mode shall always be explicitly indicated by CN_CP.
6. A separate discussion about which QoS parameters that shall be authorized per flow is needed. This consolidation paper should focus on how the QoS information is distributed in the network, not which parameters that are used to indicate the treatment of packets. Ericsson view is that QoS parameters are sent as control signalling per PDU session and per PDU flow ID, and not included in the U-plane marking.


	ETRI
	1. The U-plane marking indicates a number mapped to QoS rules.
2~3. The same U-plane marking is used on both NG3 and Uu but it is carried in encapsulation header on NG3.
4. The U-plane marking is used in both DL and UL.

		Nokia
	1. U-plane marking is a pointer to QoS paremeters provided via C-plane signalling (this is the FII). Corresponding QoS policies are provided via C-plane signalling.
2. FII is used over NG3. FPL(2.3) is used over Uu.
3. Encapsulation header over NG3, RAN protocol stack header over Uu.
4. Mainly marking over DL is assumed, For UL QoS, when packet marking is inserted for reflective QoS, marking over UL can be supported as well. The only reason to have the UE to mirror the marking in UL is to let the network know that the UE is aware of the expected QoS behaviour. Network should accept UL marking which is coherent with the DL marking it has done for the same flow.
5. UE maps the QoS used for DL traffic in the UL direction. Reflective QoS helps guide the action taken by the UE. Snippet from the TR:
The Flow Priority Level (FPL(2.3)) that is sent to the UE is determined by the RAN based on local policies based on the FII. The UE may use the downlink FPL(2.3) to determine QoS for the corresponding uplink traffic, and may also use it to determine the QoS on the link towards a Remote UE when the UE is acting as a UE-to-Network Relay
6. We foresee the need for a parameter similar to ARP. We believe that PDPI (Packet Discard Priority Indicator) does not make sense (i.e. cannot be defined) for most traffic (e.g., OTT or critical applications). We also believe that the discard precedence is not useful for any TCP/QUIC traffic. UDP packets should not be discarded at all except malware but that should be handled by the security mechanisms.

We also believe that the QoS parameters are sent as control signalling per PDU session and it doesn’t have to be included in the U-plane marking.


	ZTE
	Same view as Ericsson on 1) 2) 3) 4) and 5).
In addition, a default QoS ID is sent to UE via NG1 signalling. The UE uses default QoS ID for those packets which can’t use any QoS ID associated with UL packet descriptors or reflective QoS indicator.


	CMCC
	1. U-plane marking is an indicator for QoS handling, and the marking itself could reflect specific QoS handling. 
2. Flow mark is transferred over N3.How it is transmitted over Uu is FFS.
3. NG3: the mark is included in the encapsulation header in case user plane tunnel is used. If no user plane tunnel is used, the mark could be included in the e2e IP header. This is related with SM UP model discussion.
4. U-plane marking is required in both DL and UL. And if no u-plane marking in the traffic, the QoS handing is performed based on default QoS parameter(Pre-defined or delivered via C-plane signalling at Session establishment)
5. FFS
6. PDPI and FPI is two distinct marking. And how to define and use PDPI is FFS.


	Qualcomm
	1. U-plane QoS marking in UL and DL is per-flow and transmitted between UP Functions in the core and over NG3. QoS marking contains two parts: a “pointer” that allows the end points (e.g. UP functions or AN) to map to specific QoS and that does not directly indicate a level of QoS, and additional marking that indicate specific treatment for specific PDUs in the same flow. 
2. U-plane marking carried in encapsulation headers on NG3. How marking over NG3 takes place depends on whether a tunnel is used over NG3 or not (see other key issues). 
3. Unless indicated differently by the CN over NG1 during QoS establishment (i.e. UL QoS information provided explicitly), UE maps the QoS used for DL traffic in the UL direction
4. RAN uses AS-level signalling to provide UE with mapping between PDU flows and radio bearers.


	Samsung
	1. QoS marking indicator to specific QoS handling 
2. U-plane marking on Uu is carried in the radio packet header
3. U-plane marking is carried in encapsulation headers on NG3
4. U-plane markings are supported in both DL and UL
5. Applying Reflective QoS for both UL and DL direction is recommended   
6. FPI is a QoS parameter for a flow, and PDPI is not for a flow.




Email convenor’s summary:
U-plane marking is carried in encapsulation headers on NG3 (noting that the AT&T and CMCC answers also allow for an option where the QoS marking over NG3 is carried as part of the IP header).
U-plane marking on Uu is carried:
-	In the radio packet header (Intel, Nokia, Samsung).
-	FFS depending on RAN work.
U-plane markings are supported in both DL and UL.
U-plane markings are:
-	Indicators for specific QoS handling on both NG3 and Uu (Intel, AT&T?, CMCC).
-	Pointers to QoS profile signalled via C-plane on both NG3 and Uu (Ericsson, ETRI, ZTE)	Comment by Stojanovski, Saso: In this option there may be no Uu marking, as explicit signalling is used to map flows to radio bearers.
-	Pointers to QoS profile on NG3, indicators for QoS handling on Uu (Nokia).
-	Pointers to QoS profile + additional info that indicates per-packet QoS level on NG3; RAN uses signalling to map flows to radio bearers (QC, Samsung).   
Proposal 1: Try to conclude on the type of U-plane markings on NG3 and the need for U-plane markings in the radio protocol stack.

2.2.2	Control plane signalling (NG1, NG2, NG4, AS-level)
Companies are invited to provide their opinions in the table below on the following:
· Describe the use of C-plane QoS signalling upon PDU session establishment vs C-plane QoS signalling on per-flow basis.
· What are the criteria for using C-plane QoS signalling on per-flow basis (e.g. any specific trigger, GBR vs non-GBR flow type, etc.)?
· What information is provided to UE and RAN upon PDU Session establishment?
· Other?
	Company name
	Comments

	Intel
	NG1: Pre-authorised FPIs are signalled to UE upon PDU session establishment.
NG2/NG4: Pre-authorised QoS rules signalled to RAN and UP functions upon PDU session establishment.
There is no NG1/NG2 signalling for non-GBR flows; only Reflective QoS is used for non-GBR flows.
NG1/NG2/NG4 signalling (Flow Descriptor, GFB, MFB) used for GBR flows only.


	Ericsson
	1. At PDU session establishment, CN_CP provides default QoS (to apply to non-service specific PDUs) and optionally also PDU flow specific QoS
2. When QoS differentiation in RAN is required, i.e. both for PDU flows that requires admission control, and flows that do not (i.e. GBR vs. non-GBR) 
Triggered by the policy function (through NG-Gx) by multiple criterias (policy decision) such as application request, Time of Day, subscription update etc.
3. To RAN (NG2): Per PDU session, default QoS for non-service specific PDU flows, PDU flow ID + PDU flow QoS for service specific PDU flows. 
To UE (NG1): PDU flow specific filters or “reflective indicator” + PDU flow ID. Which QoS parameters (parts of PDU flow QoS) to send to UE is FFS


	ETRI
	NG1: mapping between the number (FII, QoS ID) and QoS rules may be signalled to UE upon PDU session establishment.
NG2/NG4: mapping between the number (FII, QoS ID) and QoS rules signalled to RAN and UP functions upon PDU session establishment.
NG1/NG2/NG4 signalling (the number, GFB, MFB) used for GBR flows only.


	LGE
	There is an EN’s that It is FFS whether packet delay budget and/or packet error rate are implicitly covered by the FPI value or whether they are distinct QoS parameters. If packet delay budget and error rate are distinct QoS parameters, these signalling may be sent over NG2/NG4 for GBR and non-GBR flows (under the assumption that FPI does not include delay budget and error rate).


	Nokia
	1. QoS policies (transport level or explicit QoS targets, intent level QoS policies) are signalled to the RAN and UP function during PDU session establishment. No signalling expected on a per flow basis especially for non-GBR flows. For GBR flows, MBR, ARP can be signalled in addition. It is also expected that we will need something similar to APN-AMBR for UP function and UE-AMBR for RAN for policy enforcement.
2. NG2/NG4 - QoS policies are signalled during PDU session establishment.
3. No NG1/NG2 signalling for non-GBR traffic on a flow basis (as QoS differentiation is performed based on packet marking).


	ZTE
	QoS profile is sent to UE, RAN and UP functions upon PDU session establishment via C-plane signalling.
QoS profile including the QoS parameters together with a QoS ID which is a pointer to the QoS profile.
Same solution for both GBR flows and non GBR flows.


	CMCC
	1. Pre-authorised QoS rules (incl. default and optionally flow specific QoS) are signalled from CN_CP to UE/RAN/UP at session establishment and specific QoS rules for particular flow could be signalled from CN_CP to UE/RAN/UP at session modification.
2. The QoS signalling is triggered by policy function(App/UE request, UE location change, subscription update etc.)
3. Refer to answer to Q1


	Qualcomm
	1. Pre-authorised QoS and corresponding flow descriptors (both default QoS for non-service specific flows and QoS for service-specific flows) are signalled from CN Control Plane to UE (NG1), AN (NG2), and UP functions (NG4) at PDU session establishment. 
2. QoS for specific flows can be established via triggering from UE, AF, and upon detection on new UL flows, decided by CN via policing function, and the corresponding information is distributed to to UE (NG1), AN (NG2), and UP functions (NG4).


	Samsung 
	1. Pre-authorised QoS rules and optional service specific QoS rules.
2. When a specific QoS for a flow to be created is required, QoS signalling is triggered.  
3. Pre-authorised QoS rules is transferred to AN,  UP and UE




Email convenor’s summary:
The discussion in this clause is not easy to summarise, maybe the questions were not very clear (apologies from the convenor).
The majority of replies indicate that some pre-authorised QoS or default QoS is provided at PDU Session establishment to UE:
-	Pre-authorised FPIs (Intel).
-	Default QoS to apply to non-service specific PDUs and optionally PDU flow specific QoS (Ericsson).
-	Default QoS for non-service specific flows and QoS for service-specific flows (QC, CMCC?, Samsung?).
Proposal 2a: Try to clarify the type of information provided as default QoS (e.g. what non-service specific QoS looks like).
Regarding the criteria for triggering flow-specific QoS signalling via the C-plane, the majority of replies seem to converge on the need for such signalling for GBR traffic flows.
Regarding non-GBR traffic flows, the following possibilities exist:
-	No need for C-plane signalling on NG1, NG2 or AS-level (Intel, Nokia, ETRI).
-	Same handling for GBR and non-GBR (Ericsson, ZTE, QC?).
Proposal 2b: Try to conclude whether flow-level QoS for non-GBR traffic needs to be signalled via the C-plane (NG1, NG2 and/or AS-level).

2.2.3	NAS vs AS
Companies are invited to provide their opinions in the table below on the following:
· When using C-plane signalling on per-flow basis, is NAS or AS or combination of both used? If possible, provide examples of QoS parameters that are signalled via NAS and/or via AS.
· For PDU Session level QoS parameters (e.g. Session Bitrate, Pre-authorised FPIs, etc.), is NAS or AS or combination of both used?
· Other?
	Company name
	Comments

	Intel
	Either NAS or AS-level signalling (FFS), but not both, is used to provide UE with flow-level QoS info (for GBR flows only).
NAS is used to provide UE with PDU Session level QoS rules (Session Bitrate, Pre-authorised FPIs).
No C-plane signalling used for non-GBR flows; only U-plane markings and Reflective QoS.


	Ericsson
	1. Combination of NAS and AS. Per PDU session, filters/reflective indicator (if needed) and PDU flow ID for classification is provided over NAS, and if needed PDU flow QoS. AS provides information about the mapping between PDU flow ID and radio bearers.
2. Default QoS (the parts that are applicable for UE) provided by NAS


	LGE
	If packet delay budget and error rate is signalled to access network over NG2, AS-level signalling may be needed for scheduling information. However, it is not a scope of SA2.


	Nokia
	We assume that there is NO need for CN bearers, CN-RAN bearers but radio bearers might be necessary at the RAN level for GBR services for QoS differentiation (also RAN2 working assumption and decision). Thus AS level signalling is needed to negotiate QoS parameters. 5GNB needs to inform the UE which flow should be prioritized and how assigned buffer resource grant can be used. Thus we believe AS signalling is essential. No need for NAS signalling to enable QoS differentiation although it could be used to send APN-AMBR type of parameter to the UE for UL enforcement.


	ZTE
	Same view as Ericsson


	CMCC
	1. CMCC consider CN-RAN bearer is No need because U-plane marking is as a pointer to OoS parameters for QoS handling.
2. Default QoS applicable for UE provided by NAS.
3. PDU Session level QoS is preferred by NAS


	Qualcomm
	Both NAS and AS are used. 
NAS conveys PDU Session level QoS rules including pre-authorized QoS and default QoS. 
AS conveys mapping of flows to radio bearers based on authorized QoS information received over NG2.
AS can trigger AN dedicated resource establishment and/or mapping of a specific flow without interacting with CN for pre-authorized QoS (UE sends packets over a default radio bearer, AN detects the pre-authorized QoS, may establish dedicated resources, and indicates in AS the mapping between the PDUs and the radio bearer).
How AS conveys the information and according to what procedures is defined in RAN, but SA2 determines the requirements wrt what AS needs to convey and in which scenarios/situations to enable RAN to design AS to meet SA2 requirements.




Email convenor’s summary:
PDU session level QoS (including pre-authorised and/or default QoS) is signalled via NAS.
Flow-level QoS for GBR traffic (at least) is signalled via C-plane using:
-	Only AS signalling (Nokia, QC).
-	Combination of NAS and AS (Ericsson, ZTE).
Proposal 3: Try to conclude whether flow-level QoS signalling, when used (e.g. for GBR traffic), is performed using AS or NAS or both.
Flow-level QoS for non-GBR traffic requires:
-	No C-plane signalling (Intel, CMCC, LGE?, Nokia?).	Comment by Stojanovski, Saso: I understand LGE’s comment that AS signalling would be used only if delay budget and error rate are signalled as separate parameter; otherwise, there is no AS signalling.	Comment by Stojanovski, Saso: I assume Nokia’s answer in this clause refers to GBR traffic only, because in clause 2.2.2 Nokia replied that there is no signalling for non-GBR traffic.
-	Only AS signalling (QC?).	Comment by Stojanovski, Saso: I understand AS signalling can be triggered independently based on detection of pre-authorised QoS, but not clear to me how this detection works
-	Combination of NAS and AS (Ericsson, ZTE).
Proposal 2b: Try to conclude whether flow-level QoS for non-GBR traffic needs to be signalled via the C-plane (NG1, NG2 or AS-level).
2.2.4	UE-initiated flows
Companies are invited to provide their opinions in the table below on the following:
· When UE needs to initiate a new flow for which there are neither explicit QoS rules (e.g. UL Flow Descriptor + associated QoS rule) nor Reflective QoS rules (e.g. because there is no corresponding DL traffic), describe how this is achieved.
· Other?
	Company name
	Comments

	Intel
	UE can initiate uplink traffic using a pre-authorised FPI with no explicit signalling.
UE-selected FPI is included in encapsulation header over Uu and NG3.
The use of UL RQI is FFS.


	Ericsson
	Independent if the QoS request comes from the application (server or client side) or is initiated by the UE, the QoS request shall be authorized by the policy function. The result of the authorization can be explicit QoS rules.


	ETRI
	Default QoS rules are used for non-GBR flows and explicit QoS rules with signalling are used for GBR flows.


	Nokia
	For non-GBR services, we assume that there is a need for only one DRB (per PDU session) at the radio. In other words, Nokia preference is to avoid setting up multiple radio bearers for short-lived services in case of OTT traffic (as we believe this causes excessive signalling). 

Thus for non-GBR services, UE always transmits packets only in the single DRB that was established. 
For GBR services, we assume that there might be need for multiple DRBs (e.g. IMS services) at the radio. In this case, AS level signalling is needed to negotiate QoS parameters. 5GNB needs to inform the UE which flow should be prioritized and how assigned buffer resource grant can be used. 

With this approach, we see no scenario for UE to initiate a new flow with new QoS. 

If and when UE needs a new flow / QoS that has not been authorized by the network, this flow (request) should be controlled/authorized by the network.


	ZTE
	The UE will use default QoS ID provided by the CN during PDU session establishment.


	CMCC
	The UE initiate the new flow with default QoS. The policy function may trigger CP/UP to update the QoS by signalling or by in-band marking which is FFS. The QoS request (both UE side and Application side) shall be authorized by policy function


	Qualcomm
	UE sends UL traffic using default QoS (received over NG1 at PDU session establishment ) and a default radio bearer. 
The CN detects the UL traffic and triggers the traffic classification by the policing function, which may trigger the establishment of explicit QoS for the flow and the corresponding establishment of dedicated resources in RAN. 
For non-GBR PDU traffic, whether there is a single radio bearer or multiple radio bearers carrying it is up to RAN but the simplest solution is preferred.


	Samsung 
	UE triggers the special QoS treatment using default QoS for network to apply specific QoS to the flow in an explicit or an implicit manner.




Email convenor’s summary:
For UE initiated flows the associated QoS is supported as follows:
-	UE can initiate a flow with any of the pre-authorised QoS without C-plane signalling (Intel).
-	C-plane (NG1?) signalling request followed by network authorisation (Ericsson).
-	No need for QoS differentiation for UE initiated flows (Nokia? ZTE? ETRI?).	Comment by Stojanovski, Saso: The comment refers to a “single DRB”; I assumed “single DRB” means no QoS differentiation	Comment by Stojanovski, Saso: ZTE and ETRI refer to a default QoS
-	UE initiates a flow with default QoS; network detects flow and possibly upgrades QoS (CMCC, QC, Samsung). 
Proposal 4: Try to conclude whether there is a need for QoS differentiation of UE-initiated flows and whether this is achieved with or without C-plane signalling.

2.2.5	Reflective QoS
Companies are invited to provide their opinions in the table below on the following:
· For which traffic flows does UE apply Reflective QoS?
· Is Reflective QoS a shall, should or may requirement for all flows for which Reflective QoS applies? E.g. is a DL RQI marking (or else) needed to request a specific UE behaviour on per-flow basis?
· How does UE obtain information about the QoS to apply in UL?
· Does Reflective QoS apply to non-IP traffic?
· Other (e.g. is UL RQI needed for UE-initiated flows)?
	Company name
	Comments

	Intel
	UE uses Reflective QoS for flows for which there was no C-plane signalling (i.e. for non-GBR flows only). The DL FPI received over Uu in DL data units is used by UE when requesting UL QoS.
If DL RQI is used, the UE shall apply Reflected QoS if so requested by the RQI.


	Ericsson
	1. Two alternatives
Alt 1: For the PDUs where the network has explicitly indicated that reflective mode shall apply enabling UL differentiation of traffic when UL filters are not possible to provide to the UE (non-deducible flows). In this alternative, PDUs with no UL filters will receive default QoS treatment for the UL traffic
Alt 2: For PDU flows where no UL filters have been provided (the absence of UL filters indicates reflective mode)
2. Two different alternatives for how the UE shall treat a PDU flow that have no UL filters indicated from CN_CP, see above.
3. Information about how to classify the traffic into different flows is received over NG1. FFS which QoS parameters that are provided from CN_CP to UE. Information about the mapping between classified PDU flows and radio bearers sent from RAN to UE.
4. TBD, depending on the needs
5. TBD, depending on the needs.


	Nokia
	2. UE maps the QoS used for DL traffic in the UL direction. Reflective QoS helps guide the action taken by the UE. 
The Flow Priority Level (FPL(2.3)) that is sent to the UE is determined by the RAN based on local policies based on the FII. The UE may use the downlink FPL(2.3) to determine QoS for the corresponding uplink traffic, and may also use it to determine the QoS on the link towards a Remote UE when the UE is acting as a UE-to-Network Relay

	ZTE
	The Reflective QoS can be signalled via NG1 explicitly by an indicator per QoS ID.


	CMCC
	1. PDU which the network indicates the UE to perform reflection via C-plane signalling or RQI is used in DL traffic.
2. UE performed reflection based on either explicit QoS rules signalled from CP or RQI used in DL traffic.
3. Also applies to non-IP


	Samsung 
	1. When a DL flow which is marked RQI, a corresponding UL flow is applied same QoS as the DL flow. In addition, UE may mark RQI to UL flow for the network to apply same QoS to corresponding DL flow.
2. Applying Reflective QoS for both UL and DL direction is recommended   
3. Pre-authorized QoS during PDU session establishment and dynamically required from application programming interface.


	
	



Email convenor’s summary:
Reflective QoS is supported in UE based on:
-	U-plane markings (e.g. FPI, FPL(2.3)) (Intel, Nokia, CMCC?, Samsung)
-	C-plane signalling (Ericsson, ZTE, CMCC?) 	Comment by Stojanovski, Saso: Clarification needed on interaction with “match all” filters.
Support for non-IP traffic:
-	Yes (CMCC).
Proposal 5: Try to conclude whether Reflective QoS is supported based on U-plane markings or C-plane signalling, and whether it applies to non-IP traffic. 

2.3	Definition of “flow” in “flow-based” QoS
The PPI (Packet Priority Indicator) and PDPI (Packet Discard Priority Indicator) in Solution 2.2 as well as Solution 2.5 aim at providing differentiated QoS treatment with granularity finer than the “IP flow” granularity, the latter being defined via L3 and L4 information (i.e. the traditional IP 5-tuple). The two proposals seem to be complementary, as follows:
· Solution 2.5 focuses on providing per-packet QoS-related information over NG6 that allows the UP-GW to discriminate different “data flows” within the same “IP flow” (“data flow” is used in Sol 2.5 to refer to packets having common characteristics at level 5 and above and that require differentiated QoS treatment).
· PPI (synonymous with “FPI” when talking about U-plane marking) and PDPI are used as U-plane markings between UP-GW and UE (e.g. on NG3 and/or Uu).
· For DL traffic the UP-GW maps the NG6 per-packet QoS-related information into PPI/PDPI markings over NG3.
· For UL traffic it is FFS whether PDPI is used and how (and Sol 2.5 description is vague wrt UL traffic).
During the discussion in Nanjing it was unclear whether the term “flow” in parameters like FPI or FII refers to an “IP flow” (i.e. as described via L3/L4 info) or to a finer granularity “data flow” (i.e. a sub-flow of the “IP flow” described via L5 info and above).
Companies are invited to provide their opinions in the table below on the following:
· Does “flow” in parameters like FPI and FII refer to an “IP flow” (i.e. described via L3/L4 info) or to a finer granularity “data flow” (i.e. a sub-flow of the “IP flow” described via L5 info and above)? Does it matter and why?
· For two “data flows” belonging to the same “IP flow” does it make sense to provide differentiated treatment in terms of scheduling priority (e.g. different FPI/PPIs) or should the differentiated treatment be provided only in terms of packet discard priority (i.e. same FPI/PPIs, but different PDPIs)?
· Is PDPI a distinct U-plane marking or is it included in the FPI/PPI?
· Other?

	Company name
	Comments

	Intel
	At this point we think (but no strong opinion) that “data flows” belonging to the same “IP flow” should be mapped to the same FPI, the only differentiated treatment being in terms of PDPI (i.e. discard priority).
With this assumption all “data flows” belonging to the same “IP flow” will be tagged with the same FPI.


	Ericsson
	1. PDU Flow refers to the finest granularity of treatment that can be conveyed throughout the network. The flow might include several service data flows (SDFs), one SDF or part of an SDF.
2. Ericsson currently does not see the need of indicating both per flow (FPI, FPL) and per packet priority (PPI, PDPI) Separate discussions on which QoS parameters that shall be possible to indicate per flow is needed
3. See point above (2)


	LGE
	Agree with Intel at least with IP type flows. NextGen QoS also need to support non-IP flows. “data flows” belonging to the same source – destination pair with same transport type should be mapped to the same FPI.


	Nokia
	Flow refers to a fine granular data flow (sub-flow of the IP flow). Flow refers to the finest granularity data flow (i.e. “short-lived flows” in case of non-GBR) that can be detected and differentiated by the network.


	ZTE
	Flow refers to the finest granularity of treatment that can be differentiated by QoS ID which identifies a QoS profile in UE, RAN and UP function. The flow might include several service data flows (SDFs), one SDF or part of an SDF.


	CMCC
	1. CMCC currently think that “IP flow” could involve different “data flow”. The “IP flow” in its lifetime could be tagged with different FPIs. But at a certain time, “IP flow” unit could only be marked with a unique FPI value because the “IP flow” is the finest granularity of treatment. And the FPI in DL traffic could be marked based on the configuration/policy received from CP and the information collected after some form of packet inspection by UP.
2. With this assumption, we now think PPI is not needed.


	Qualcomm
	Agrees with Ericsson on the definition of flow. Agrees with Intel and others on the need for additional marking such as a PDPI. Different values of such additional marking may apply to different PDUs in the same flow.


	Samsung 
	1. FPI refers to an “IP flow” (i.e. described via L3/L4 info)
2. PPI and PDPI is not necessary because the finest QoS granularity is “IP flow” (i.e. described via L3/L4 info)




Email convenor’s summary:
 “Flow” is the finest granularity for QoS treatment in the NG system.
However, the meaning of finest granularity differs very much. The finest granularity is:
-	Flow identified with a combination of FPI (or similar) and PDPI (Intel, LGE, QC). 	Comment by Stojanovski, Saso: QC’s reply in clause 2.2.1 refers to a pointer type of U-plane marking rather than FPI.
-	PDU flow (Ericsson).
-	Flow identified with QoS ID (ZTE)
-	Flow identified with FPI (CMCC, Samsung)
Proposal 6: Try to conclude on the need for per-packet markings such as PDPI.

3	Summary and Proposal
As the outcome of this email discussion, the following is proposed.
Possible agreements (also submitted in companion document for this meeting: S2-163671):
-	U-plane marking is carried in encapsulation header on NG3 (noting that the AT&T and CMCC answers also allow for an option where the QoS marking over NG3 is carried as part of the IP header).
-	Some pre-authorised QoS and/or default QoS is provided at PDU Session establishment to UE using NAS signalling.
[bookmark: _GoBack]-	Flow-specific QoS signalling via the C-plane (NG1, NG2 or AS-level) is needed for GBR traffic flows.
-	“Flow” is the finest granularity for QoS treatment in the NG system.
Proposals on which to focus further contributions (tentative agreements on proposals 2b, 3, and 5 below also submitted as company contribution in companion document for this meeting: S2-163671):
-	Proposal 1: Try to conclude on the type of U-plane markings on NG3 and the need for U-plane markings in the radio protocol stack.
-	Proposal 2a: Try to clarify the type of information provided as default QoS (e.g. what non-service specific QoS looks like).
-	Proposal 2b: Try to conclude whether flow-level QoS for non-GBR traffic needs to be signalled via the C-plane (NG1, NG2 or AS-level).
-	Proposal 3: Try to conclude whether flow-level QoS signalling, when used (e.g. for GBR traffic), is performed using AS or NAS or both.
-	Proposal 4: Try to conclude whether there is a need for QoS differentiation of UE-initiated flows and whether this is achieved with or without C-plane signalling.
-	Proposal 5: Try to conclude whether Reflective QoS is supported based on U-plane markings or C-plane signalling, and whether it applies to non-IP traffic. 
-	Proposal 6: Try to conclude on the need for per-packet markings such as PDPI.
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