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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-BIS meeting.
Current interim agreements in SA2:
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.
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. using NG1 signalling.
NOTE: In some cases part of the QoS information can be provided as AS information even at PDU Session establishment.
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.
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.	Flow-specific QoS signalling via the C-plane is needed for GBR SDF.
Editor's note: Definition of Flow is for FFS. 
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.

On the other hand, RAN2 have made the following agreements:
1: The "data radio bearer" (DRB) defines the Over-The-Air packet treatments in the RAN. 
2: A DRB serves a set of packets requiring the same packet forwarding treatment, e.g. reliability, target delay, etc. 
3: A separate DRB is defined for each different packet forwarding treatment required.

While SA2 works on a flow-based QoS framework, the RAN aspects clearly refer to the use of DRBs to support differentiated QoS treatment over the air. It needs to be clarified how the two concepts fit together. The focus of the discussion is on non-GBR flows.

-	Deadline:					Monday 22/08/2016
2.	Discussion
2.1	Definition of “QoS flow” in flow-based QoS (2nd try)
“QoS flow” is the finest granularity for QoS treatment in the NG system. To progress the work on QoS framework a more accurate definition of a “QoS flow” is needed. At least the following alternatives need to be considered for a “QoS flow” definition:
a) “QoS flow” refers to packets identified with the same NG3 U-plane marking for QoS forwarding behaviour (e.g. FPI, FII, PDU Flow ID), regardless of their packet discard priority indicator (PDPI). All the packets of a flow are scheduled for transmission on the radio in sequence, regardless of their PDPI. PDPI is used for packet discarding in presence of congestion.
b) “QoS flow” refers to packets identified with the same NG3 U-plane marking for QoS forwarding behaviour (e.g. FPI, FII, PDU Flow ID) and the same PDPI. Packets identified with the same L3/L4 info (IP 5-tuple) can be mapped with different NG3 U-plane marking for QoS forwarding behaviour. PDPI is used for packet discarding in presence of congestion. In presence of congestion, packets identified of different QoS flows, i.e. with the same NG3 U-plane marking for QoS forwarding behaviour (e.g. FPI, FII, PDU Flow ID) but with different PDPIs, may be scheduled for transmission on the radio out of sequence.
c) “QoS flow” refers to packets identified with the same NG3 U-plane marking for QoS forwarding behaviour (e.g. FPI, FII, PDU Flow ID). There is no need for PDPI.
Common to all three definitions is that packets within a “QoS flow” are scheduled for transmission on the radio in sequence.
The choice of a “QoS flow” definition is needed to determine how “QoS flows” map with DRBs. It may also be used to decide e.g. whether PDPI is needed or whether mapping of QoS information between NG6 and NG3 is needed.
Companies are invited to indicate their preferred “QoS flow” definition below (including any amendments).
	Company name
	Comments

	Intel
	OK with definition (a).

	AT&T
	NextGen QoS framework should be non access specific to allow ease of reuse. This requires decoupling of the NextGen CN QoS model from the access specific aspects such as DRBs. We are OK with any of the definitions so long as it is part of developing a general QoS model for NextGen CN and not trying to make NextGen CN QoS specific to a particular access. It should be the RAN WGs that should do any mapping to access specific QoS.

	ZTE
	OK with definition (c). RAN congestion issue can be resolved by re-using R13 UPCON mechanism.

	MediaTek
	c) preferred. We don’t see a need for an additional PDPI parameter. Packet drop can apply for a given flow as negotiated/configured.

	Ericsson 
	c) “QoS flow” refers to all packets identified, marked and aimed for a specific Flow Treatment. 
No need for a PDPI. We assume that a Required Bit Rate parameter is part of the packet forwarding treatment description resulting in an indication that certain packets may be dropped/delayed in case of congestion. It is noted that the Required Bit Rate does not point at which are the droppable packets, but on the other hand the network/CN_UP lacks knowledge of which PDPI value, packets should be marked with. If that knowledge would be available, it could be used for classifying packets into a different QoS flow.	Comment by Stojanovski, Saso: 	Comment by Stojanovski, Saso: Seems open to such possibility
It shall be possible to indicate a Required bit Rate for all types of flows.

	Qualcomm
	Definition (b) enables better granularity and differentiation between packets in a flow. Definition (b) benefits of mapping of information from NG6 to NG3 and enables carrying mapped information to AN. Packets of QoS flows distinguished only by different PDPI values shall be carried over the same DRB. If multiple QoS Flows exist, distinguished only by PDPI value, then a single DRB is created for such flows, i.e., PDPI value is accounted for in the scheduler in the RAN based on implementation.

However, it is possible to consider encoding PDPI in the flow identifier (e.g. FII, where two flows that differ only in terms of a PDPI value are given different FII values, and the QoS rule correspond to the FII identifies the different treatment in terms of packet discard priority), in which case definition (c) is sufficient	Comment by Stojanovski, Saso: Implies that PDPI may be just one solution; a different FII could be an alternative.

	USDOC
	See comment in 2.4.

	LGE
	Definition (c) is OK.
“QoS flow” is the finest granularity for QoS treatment in the CN regardless of QoS handling in the AN. How the QoS is handled is access specific issue. So “QoS flow” should be defined without PDPI. 

	Nokia
	Definition (c) preferred. We see no need for PDPI

	CMCC
	Preferred C). NG3 U-plane marking is used to classify the packet to different QoS handling and aims to a specific forward treatment. PDPI is not needed since the UP marking could indicate the dropped/delayed for a certain packet.

	NTT DOCOMO
	Either a) or c), depending whether RAN2 WG sees the PDPI is needed.



Email convenor’s summary:
Five companies opted for (c), one company for (b) and one company for (a).
However, by focusing on the need for the identification of droppable and/or delayable packets, at least three companies seem to be open to that possibility (Intel, Ericsson, Qualcomm). With this reading, the PDPI becomes just one candidate solution on how to achieve identification of droppable packets, other solutions (e.g. FII, “QoS flow ID”) also being possible.
Definition (a), which implied that packets within the same L4 flow can only be “droppable”, but not “delayable”, seems to have no support.
Proposal 1.1: It is proposed to focus the discussion on whether there is a need to identify droppable and/or delayable packets. With that clarification definitions (b) and (c) may converge.  
2.2	“QoS flows” and DRBs
It needs to be clarified how “QoS flows” (discussed by SA2) and DRBs (discussed by RAN2) fit together.
-	Is there a “DRB binding” function for downlink packets in the RAN? How is this binding enabled (e.g. via NG2 signalling, packet filters, NG3 U-plane markings, etc.)?
-	Is there a “DRB binding” function for uplink packets in the UE? How is this binding enabled (e.g. via NG1 signalling, packet filters, AS signalling, etc.)?
-	Can a DRB be established between UE and RAN without any CN involvement (i.e. without any NG1 or NG2 signalling)?
-	Can a DRB be shared among multiple PDU Sessions and how?
-	How does the UE request a DRB for a new “QoS flow” for which there is no established DRB with appropriate QoS level (e.g. via NG1 signalling, AS signalling, other)? 
-	Is there a need for an e2e “QoS flow” identifier (i.e. between UE and the UP function terminating the NG6 reference point)? 
-	Other?
Companies are invited to provide their opinions in the table below. This topic clearly has dependency on RAN2 and will be resolved together with them. 
	Company name
	Comments

	Intel
	Yes, there is “DRB binding” in UE and RAN for UL and DL packets, respectively.
Binding is performed based on explicitly signalled packet filters (using AS-level signalling) or implicitly derived packet filters (using Reflective QoS).
DRBs can be established without NG1/NG2 involvement using AS-level mechanisms. This can be triggered e.g. by appearance of a new QoS flow on NG3 (indicated by NG3 per-packet marking).
DRB can be shared by multiple PDU Sessions of IP Type. The demuxing on UE and RAN side is based on the UE’s Source IP address. For PDU Sessions of non-IP Type the DRB sharing is probably not possible.
UE can request a DRB for a new “QoS flow” for which there is no established DRB with appropriate QoS level by using AS-level mechanism.
There is no need for an e2e “QoS flow” identifier.

	AT&T
	NextGen QoS model should be unaware of access specific aspects such as bearers, DRBs etc. Making NextGen aware of such aspects goes against the general requirements of NextGen QoS being non access specific, reusable etc. Any access specific aspects of QoS and their mapping to general QoS model in NextGen CN should be discussed in RAN WGs.

	ZTE
	The CN provides QoS rules to RAN via NG2 signaling and RAN decides whether to establish new DRB via AS mechanism. The DRB binding is performed in UE and RAN. The CN is not aware of the DRB. Whether the RAN can establish the DRB when receiving downlink packets with new QoS marking over NG3 should be decided by RAN group.
DRB can be shared by multiple PDU sessions.
UE can request to add/modify/remove SDF flows to existing “QoS flow”. Whether to establish new DRB is decided by RAN, not by UE.
QoS flow id is unique within the UE context (i.e. between UE and the UP function terminating the NG6 reference point). The RAN performs DRB binding for DL packets and performs Session binding(i.e. selection the UP function terminating the NG6)  for UL packets according to QoS flow ID in the encapsulated header. RAN doesn’t need to know packet filters.	Comment by Stojanovski, Saso: Does this imply binding of UL packets to QoS flow ID first, followed by mapping to DRB, as in Ericsson’s proposal? 

	MediaTek
	1 and 2: full flexibility in RAN expected. Binding to be defined by RAN groups (one-to-one, one-to-many, many-to-one).
3. DRB set-up/tear-down is AS internal, possibly triggered by NAS requests/events
4. Why not. E.g. if PDU sessions have the same QoS, why not use the same DRB?
5. In our view the question is wrong – it should rather ask how a new DRB is established as opposed to asking how a UE requests a new DRB. We expect there is no NG1 signalling to do so (see 3.). Solution to be defined in RAN groups (e.g. default bearer used, following which NW creates a new DRB if necessary).

	Ericsson
	Ericsson aims to a solution with a separation of concerns between CN and AN, where the CN is responsible to provide a classification of the flow and the associated packet forwarding treatment description and the AN is responsible for realising the packet forwarding treatment described for that flow.
The CN conveys the classification of the PDUs belonging to a flow through a NG3 U-plane marking (such as a PDU Flow ID) and the associated packet forwarding treatment description through NG2 signalling. The AN serves packets from different Flows to a UE with one ore multiple DRB. 
There is no strict 1:1 relation between flows and DRBs. It is up to the RAN to establish the necessary DRBs to serve the flows and as such a DRB can be established without CN involvement and be shared for a given UE among multiple PDU sessions. 

In UL, the UE marks the packets similarly to the DL marking provided by the AN including the PDU Session ID and PDU Flow ID. Packet filters (or reflective mode indication) are used for assigning the correct flow marking (PDU Flow ID) in UL. The mapping between PDU Session ID/Flow ID and DRB is provided from the AN to the UE.

The application client in the UE can request the authorization of a Flow Treatment through the application layer (Client(UE)->AF-> Policy) or through UP information detected in the CN_UP

UE does not request DRB. It is AN that decide to setup DRBs.

	Qualcomm
	DRB binding for DL: yes, based on NG3 U-plane markings and corresponding QoS policies distributed to RAN via NG2 signalling (at PDU session establishment or via explicit per-service flow signalling)

DRB binding for UL: yes, based on AS signalling triggered by RAN when dedicated radio resources are established. 

A DRB is established by RAN for pre-authorized QoS with no CN involvement based on QoS policy delivered to RAN by CN via NG2 at PDU session establishment, and the establishment/detection of a flow corresponding to such QoS policy. For Qos that is not pre-authorized (e.g. triggered by an AS/AF request or by a UE request and not corresponding to any of the pre-authorized QoS), then CN involvement is needed and the resulting decision communicated over NG2 to AN. 

A DRB can be shared by multiple PDU flows (which means marking needs to be carried over radio interface, and marking size plays a big role). 

A DRB can be shared by PDU flows or multiple PDUs: for the same UE mapping of PDU flows to DRB is setup based on packet marking (a certain marking identifies a specific PDU flow)	Comment by Stojanovski, Saso: Not sure if “certain marking” refers to an e2e marking similar to the “PDU Flow ID” in Ericsson’s proposal?

UE does not request a new DRB. UE may request a specific QoS, RAN will determine the need for a new DRB or not. UE does so either via NG1 (i.e. for flows for which there is no pre-authorized QoS) or AS (for flows that are pre-authorized). 


	USDOC
	See comment in 2.4.

	LGE
	DRB binding should be discussed in RAN2.
“QoS flow” identifier might be needed for charging or management purpose. It should be discussed in Key Issue 10 (Policy Framework) and 11 (Charging).

	Nokia
	1) -4) 
As described in solution 2.3, we believe that there is no 1 – 1 mapping between the number of DRBs within RAN to packet marking values sent by the CN to RAN (or # of PDU sessions in the CN). Number of DRBs is entirely dependent on RAN decision and this may correspond to the packet forwarding treatment expected within the RAN. DRB binding is expected within the UE and RAN with the help of AS level signalling.

5) Agree with Mediatek response. We also believe that there is no need for the UE to request new DRBs rather the UE is provided with default QoS rules for new flows (e.g. this could correspond to use of default DRBs). Based on this, network can decide to setup new DRBs.  

6) Unclear what the purpose of such an e2e “QoS flow” identifier should be? Is this like an EPS bearer ID? If so, we see no need for such an identifier. As an e2e identifier, we might have a PDU session ID and that should be sufficient for policy framework and/or charging purpose.


	CMCC
	Both RAN and UE have “DRB binding”. 
DL DRB binding on RAN: NG3 U-plane markings and corresponding QoS policies distributed to RAN via NG2 signalling (at PDU session establishment or via additional Service-Specific QoS signalling)

UL DRB binding on UE: UE may request a specific QoS, RAN will determine the need for a new DRB or not. UE requests a specific QoS via NG1 (i.e. for flows for which there is no pre-authorized QoS) or AS (for flows that are pre-authorized). 

DRB can be established by RAN without CN involvement and be shared for a given UE among multiple PDU sessions.

	NTT DOCOMO
	NG2 signalling is required for DRB establishment. DRBs for pre-authorized QoS flows can be established at the PDU session establishment, any possible new QoS flow initiated during the existing PDU session will require additional NG2 signalling. e2e QoS flow ID is not necessary, but it is important that if there is a conversion for the QoS flow values on-hop basis in the network that the conversion is symmetric, i.e. the CN sees the same value in uplink direction what is used in downlink direction for the same QoS flow. Regarding the specific questions on how the QoS flows and DRBs will map to each other; this needs to be discussed in RAN2 WG.  



Email convenor’s summary:
Summary of the discussion:
1) DRB binding in RAN is based on NG3 marking and QoS policy (or “flow forwarding treatment”) provided via NG2 signalling (at PDU Session establishment or via QoS flow-specific signalling). Packet filters are not used for DRB binding in RAN.
2) DRB binding in UE:
A) is based on packet filters provided via AS-level mechanisms (Intel, Qualcomm, Nokia, CMCC)
B) based on packet filters provided via NG1 UE performs binding to PDU flow (“QoS flow”) and then binds the PDU flow to DRB based on information provided by AS (Ericsson, ZTE???)
3) DRB establishment without CN involvement is possible. This is either explicitly stated for pre-authorised QoS (Intel, Qualcomm, CMCC) or implied by statements that the CN is not aware of DRBs (AT&T, ZTE) or that there is no 1:1 mapping between DRB and QoS flows (Ericsson, Nokia). 
4) DRB sharing is possible among PDU Sessions. However, the solutions may differ e.g. based on Source UE IP address (Intel) or explicit PDU Session identifier (Ericsson). It is FFS whether it is possible for a DRB to be shared by multiple QoS flows: several companies state it explicitly (Ericsson, Qualcomm, Nokia) or imply it (MediaTek, ZTE). If supported, a mechanism for demultiplexing of UL packets at the RAN is needed, which may be related to the discussion on e2e “QoS flow ID” in point (6).
5) How can UE request a new DRB: UE requests “new QoS” using AS mechanisms for pre-authorised QoS (Intel, Qualcomm???, CMCC), always using NG1 (MediaTek, Ericsson, Nokia, ZTE???). 	Comment by Stojanovski, Saso: To be confirmed. The reply refers to DRB binding for UL: yes, based on AS signalling”, but then later also refers to a “UE mapping of PDU flows to DRB is setup based on packet marking (a certain marking identifies a specific PDU flow)”.
6) Need for e2e “QoS flow” identifier: no (Intel, Nokia, AT&T???), yes (Ericsson, ZTE, Qualcomm ???, LGE).	Comment by Stojanovski, Saso: The comment from AT&T seems to be in favour of no e2e QoS flow ID. TBC.	Comment by Stojanovski, Saso: Implied from “A DRB can be shared by multiple PDU flows (which means marking needs to be carried over radio interface”.
However, it is not clear whether this “PDU flow id” is an e2e or RAN-internal identifier. 
Proposal 2.1: DRB binding in RAN is based on NG3 marking and corresponding QoS policy (or “flow forwarding treatment”) provided via NG2 signalling (at PDU Session establishment or via QoS flow-specific signalling) or indicated in the NG3 marking itself. Packet filters are not used for DRB binding in RAN.
Proposal 2.2: DRB binding in UE is based on packet filters provided via AS-level mechanisms.
Proposal 2.3: DRB establishment without CN involvement is possible for pre-authorised QoS.
Proposal 2.4: DRB sharing is possible among PDU Sessions. Whether DRB sharing among “QoS flows” of the same PDU Session is possible is FFS.
Proposal 2.5: None for the time being.
Proposal 2.6: Focus on whether an e2e “QoS flow ID” is needed.

2.3	Minimisation of NG1/NG2 signalling
A clarification is needed on how minimisation of NG1/NG2 signalling is achieved in the light of the current SA2 and RAN2 interim agreements. Examples include (non-exhaustive list):
a)	Upon PDU Session establishment the NextGen CN requests the RAN to pre-establish several DRBs that correspond to several different (e.g. most commonly used) QoS levels / QoS profiles. In case a new non-GBR traffic flow appears with QoS requirements for which there is no pre-established DRB, the system uses NG2 (and/or NG1 and/or AS) signalling to establish the corresponding DRB.
b)	Upon PDU Session establishment the system establishes a default DRB only and provides a set of pre-authorised QoS levels/profiles to UE and RAN. DRBs corresponding to pre-authorised QoS levels/profiles are dynamically created and released using RAN-level mechanisms.
c)	Other?
Companies are invited to provide their opinions in the table below. This topic clearly has dependency on RAN2 and will be resolved together with them. The impact on system level includes e.g. the “reasonable” number of pre-established DRBs, the ability for UE to initiate DRBs without explicit signalling, etc. 
	Company name
	Comments

	Intel
	OK with approach (b).

	AT&T
	See our responses to previous questions. We believe NextGen CN should NOT be aware of DRBs etc. as they are access specific issues. Rather NextGen CN should be looking at what it means in terms of connectivity and QoS in non access specific terms for that connectivity. How DRB map to non access specific QoS information provided by the Next Gen CN should be left to RAN WGs.

	ZTE
	OK with option (a), however this needs to be decided by RAN. 

	MediaTek
	Approach 2 preferred: default bearer in RAN + pre-authorized QoS. Note for U(R)LLC, pre-established DRB may be needed. RAN2 decision

	Ericsson
	Other: Upon PDU Session establishment the CN requests a Non-Service-Specific (default) flow treatment and provides optionally a set of pre-authorised Service-Specific flow treatments to UE and AN. If necessary, the CN may provide additional Service-Specific flow treatments to UE and AN. The AN establishes the necessary DRBs based on the flow treatments requested by the CN. There is no strict 1:1 relation between Flows and DRBs: Multiple flows may be mapped into a single DRB.

DRB establishment is handled in the AN without interaction with the CN_CP.

	Qualcomm
	Default DRB at PDU session establishment.

Dedicated DRB based on pre-authorized QoS levels/profiles are established/released based on RAN-level mechanism e.g. when traffic is detected or requested by the UE in AS (RAN may establish them also under different conditions).

Dedicated DRB for service-specific flows established via NG2 (explicit QoS request via NG2) are established upon request.

	USDOC
	See comment in 2.4.

	LGE
	To support non access specific QoS mechanism, NextGen CN should not request any access specific operation. It is up to AN when and how to establish DRBs and should be discussed in RAN2.

	CMCC
	Default DRB and Dedicated DRB for service-specific flows based on pre-authorized QoS are established at PDU session establishment.

If necessary, the CN may provide additional Service-Specific flow treatments to UE and AN. The AN establishes the necessary DRBs based on the flow treatments requested by the CN.

DRB can be established by RAN without CN involvement.

	NTT DOCOMO
	Option a)



Email convenor’s summary:
Summary of the discussion:
Either the question was not clear or the answer is too RAN specific. The intent of this question was to check whether a DRB needs to be established ahead of time for all pre-authorised QoS rules regardless whether there is any such traffic (Option a), or whether it suffice to provide the set of pre-authorised QoS rules to UE and RAN upon PDU Session establishment without effectively establishing the DRBs (Option b).
Some aspects of it are RAN-related (e.g. whether it is a problem to establish DRBs ahead of time, even if there is no corresponding traffic).However, there is at least one aspect that is in SA2 scope and that is whether part of the QoS-related information provided from the network to the UE is signalled as NAS information (e.g. packet filters and Flow ID in Ericsson’s reply in 2.4) or whether all QoS information is signalled at AS-level (Intel, Qualcomm???, Nokia, CMCC). 
Proposal 3.1: Focus on whether the QoS-related information provided from the network to the UE is partly signalled via NG1 or whether it is signalled at AS-level only.  

2.4	QoS rules
The content of “QoS rule” in agreements 3a and 3b is FFS.
3a.	 A default QoS rule shall and pre-authorised QoS rules may be provided at PDU Session establishment to UE. using NG1 signalling.
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.
3b. QoS rules can be (e.g. depending on access capabilities) provided at PDU Session establishment to the RAN using NG2 signalling.
A more explicit clarification is needed on the content of QoS rules. Examples for QoS rule content include (non-exhaustive list):
-	Packet filters (including “match all” filter) with associated QoS profile / marking / flow ID. 
-	Application IDs with associated QoS profile / marking / flow ID.
-	A set of pre-authorised QoS markings.
-	Other?
Companies are invited to provide their opinions in the table below.
In case default QoS rule and pre-authorised QoS rule are different, please state so.
In case the QoS rule in UE and RAN are different, please state so.
	Company name
	Comments

	Intel
	The default QoS rule is a “match all” packet filter with associated QoS level (e.g. an FPI of the non-GBR type), plus the PDU Session-level max bitrate.
The pre-authorised QoS rules are a set of QoS levels (e.g. FPIs) with no associated filters.
The QoS rules are the same on UE and RAN side.

	AT&T
	Agree with Intel views on it

	ZTE
	Agree with Intel views on default QoS rules and pre-authorised QoS rule. 
The QoS rules in UE and in the RAN are different. The QoS rules in RAN don’t have any packet filters and application ID.

	MediaTek
	No consolidated view except that Application Ids are not appropriate: a) not manageable and b) not indicative of QoS. Rather than importing external OS dependent Ids into the system, the system ought to expose its capabilities that can then be exploited by applications running over it.

	Ericsson
	The “QoS rule” over NG2 and NG1 are different.	Comment by Stojanovski, Saso: Note that the question was on UE and RAN side, rather than “on NG1 and NG2”.
It is true that current interim agreement 3a refers to “using NG1 signalling”, but the signalling means was not meant to be part of the question.
Over NG2, the “QoS rule” contains the Flow ID and the associated Flow Treatment description. The Flow Treatment is described by the QoS parameters discussed in the QoS parameter email discussion. Each rule addresses a Service-Specific or a Non-Service-Specific flow.
Over NG1, the QoS rule contains the Flow ID and the packet filter/reflective QoS mode indication. 
Assuming that no rate limit shall be applied in the UE, there is no need to send the packet forwarding treatment description to the UE.

	Qualcomm
	Both 3a and 3b are needed.

QoS marking (Flow Identification) to identify specific PDU flows and the corresponding QoS profile while avoiding TFT matching (or DPI) in RAN. This enable distinction between flows where the differences are above L4. 	Comment by Stojanovski, Saso: I assume that “pre-authorised QoS markings” in the next paragraph refers to “pre-authorised Flow IDs”).

A set of pre-authorized QoS markings is provided upon PDU session establishment.

	USDOC
	Under study taking into account that QoS (broadly understood) for NextGen architecture support of group communication, relay communication, and off-network communication are deferred for study until phase two.

A general NextGen architectural requirement is to support critical communications, including mission critical communication service, requirements.  Relevant Stage 1 requirements are contained in TR 22.862 (5.6) and TR 22.864 (5.1.2.7).  Of particular importance is to support dynamic control service requirements in TR 22.862 (5.6.3) (e.g., [PR 5.6.3-002b] The 3GPP system shall be able to provide a real-time dynamic control function that adapts the prioritized access, QoS, and policies based on various criteria (user status (e.g. location, emergency), network status (e.g. congestion), service data (e.g. required QoS), and incident or other dynamic data).)  Clarification is needed in TR 23.799 regarding what is meant by “priority”, “pre-emption”, and “QoS” resulting from  the CN, CN+AN, CN+AN+UE, and CN+AN+UE+AS/DN.  The relationship of these concepts to what is meant at the application level needs to be clarified, including the “e2e QoS” and “QoE” perspectives.  The ability of dynamically controlling per-data-service-flow priority and pre-emption requires the priority level and pre-emption (ARP) signals are decoupled from static QoS characteristics (separately configurable) and signalled explicitly over NG2. The need to dynamically signal QoS parameters is, for example, dependent on specific public safety service requirements.  “QoS” negotiation both at application request time and during the application’s use of network resources should be possible within the overall QoS framework.  It is necessary from a NextGen architectural perspective to be able to implement a NextGen QoS framework such that, for example, mission-critical applications can be used (e.g., through appropriate resource reservation and allocation) without disturbance from non-mission-critical traffic.

	LGE
	For default QoS, same view with intel.
The pre-authorised QoS rules are a set of QoS levels with associated filters. It should be possible that AN and/or UP verify rules used by the UE. For this, Each QoS rules should be associated with filters.

	Nokia
	We also believe that QoS rules sent over NG1 and NG2 are different. Furthermore, default QoS rule applies only when explicit rule is not provided to the UE. 
For PDU sessions established for internet APNs, reflective QoS should be sufficient as most applications might have both DL and UL traffic being transmitted. Only for the initial packets (until reflective QoS takes effect), default QoS applies It may not be possible to provide pre-authorized QoS policies for internet APNs as flows are changing rapidly. For PDU sessions established for special well known services such as MCPTT, if it is known that the traffic is not sent over the DL (and reflective QoS is not sufficient as there is no DL traffic sent towards the UE), then default QoS rule (and even pre-authorized QoS rule) might be beneficial. Rather default QoS rule and pre-authorized QoS is necessary only until reflective QoS support takes effect.
Furthermore, care needs to be taken while specifying pre-authorized QoS rule as this can be misused by a malicious UE if the content, UE behaviour and network behaviour are not fully specified:
· UE is provided with pre-authorized QoS rule (e.g. packet marking value that is of high priority) that can be used for initiating new flows
· Malicious UE (misuses) the packet marking value for all the UL traffic sent while initiating new flows
Also, when reflective QoS is used by the network, it must be reflected by the UE on the UL. Even if default QoS rule is provided to the UE, this should apply for UL traffic when reflective QoS is not applicable.
We propose that the UE must follow some precedence rules between reflective QoS, pre-authorized QoS rules and default QoS rules:
i)	If available, reflect the DL QoS for associated UL traffic. 
ii)	If not i), then Pre-authorized QoS rule should be applied by the UE for UL traffic.  
iii)	If not ii) and not iii), then Default QoS rule should be applied by the UE for UL traffic.

In summary, we believe that 3a) should be re-formulated as follows:
Default QoS policies shall be provided to the UE. The default QoS policies may include rules for mapping UL flows to a certain DRB and/or default packet marking value for UL flows identified by a certain flow descriptor (5-tuples). In addition, pre-authorised QoS policies may be provided at PDU Session establishment to UE. The pre-authorized QoS policies may include rules for mapping UL flows to a certain DRB and/or pre-authorized packet marking value identified by a certain flow descriptor (5-tuples). UE can use default QoS policies when the UE is initiating a new flow for which it has received no DL traffic nor received pre-authorized QoS rules. In case of support for reflective QoS, default QoS rules and pre-authorized QoS rules, UE shall apply the following precedence rules:
i) When available, reflect the DL QoS for associated UL traffic. 
ii) If (i) is not available, pre-authorized QoS policies for UL traffic that matches the corresponding flow descriptor received explicitly over AS/NG1 signalling shall be applied.  
iii) If (i) and (ii) are not available, default QoS policies for UL traffic that matches the corresponding flow descriptor received explicitly over AS/NG1 signalling shall be applied. 


	CMCC
	The default QoS rule is a “match all” packet filter with associated QoS level (e.g. an FPI of the non-GBR type).
The pre-authorised QoS rules are a set of QoS levels (e.g. FPIs) with Service-Specific or a Non-Service-Specific filters.
QoS marking (Flow Identification) to identify specific PDU flows and the corresponding QoS profile while avoiding TFT matching (or DPI) in RAN. This enable distinction between flows where the differences are above L4.

	NTT DOCOMO
	Pre-authorized rule contain the QoS target for the QoS flow. For the QoS flows that use standardized QoS target levels it is not necessary to provide the QoS targets via NG2, but the NG2 signalling is needed also in this case to initiate radio resources for new flows in RAN. CN is expected to mark all DL packets with a specific QoS flow ID. QoS rule in the UE may contain the UL packet filter, UE may use the UL filter to assign a QoS level to the UL packets, if Reflective QoS is not used.  UE rules and RAN rules are different, we think the Application ID is not needed.



Email convenor’s summary:
Summary of the discussion:
Not an easy summary, as the question was specific to default QoS rule and pre-authorised QoS rules, but some of the replies refer to QoS rule in general. So, some of the alternatives below are extrapolated and not necessarily accurate.
Most of the replies indicate that there is no need for packet filters in the RAN, which is already captured in proposal 2.1.	Comment by Stojanovski, Saso: Therefore I am ignoring all replies stating that QoS rules are the same on UE and RAN side.
The default QoS rule in the RAN consists of NG3 marking and associated QoS level (or “QoS profile” or “flow forwarding treatment”).
The default QoS rule in the UE consists of:
A) “match all” packet filter and associated QoS level (Intel, AT&T, ZTE, CMCC).
B) non-Service-Specific packet filter and Flow ID (Ericsson, Qualcomm??).	Comment by Stojanovski, Saso: Is this the same as “match all” filter? 
A pre-authorised QoS rule in the RAN consists of:
A) A set of pre-authorised QoS levels (Intel, AT&T, ZTE).
B) A set of Flow IDs provided at PDU Session establishment and associated QoS profile (Ericsson, Qualcomm, Nokia).
A pre-authorised QoS rule in the UE consists of:
A) A set of pre-authorised QoS levels (Intel, AT&T, ZTE).
B) A set of pre-authorised QoS levels and associated filters (LGE, CMCC).
C) A set of Service-Specific packet filters and Flow ID (Ericsson).
D) A set of Flow IDs provided at PDU Session establishment (Qualcomm) and associated QoS profile???.
From Nokia’s reply I take that QoS rules with “implicit filters” (derived via Reflective QoS) have higher precedence order than QoS rules with explicitly signalled filters. This is addressed in Proposal 5.1.
Given the variety of replies it is proposed to focus on one major distinguishing trait, and that is whether UE should b aware of the QoS level / profile associated with a “QoS flow” or not.
Proposal 4.1: Clarify whether UE is aware of the QoS level / profile associated with a “QoS flow”.  
2.5	Reflective QoS (2nd try)
Agreement 1 refers to support for Reflective QoS in the NG System.
A more explicit clarification is needed on the following (non-exhaustive list):
· Is Reflective QoS an attribute of the “QoS flow” or of the DRB or both?
· If Reflective QoS is an attribute of a “QoS flow”, can “QoS flows” with Reflective QoS and “QoS flows” with explicit packet filters be multiplexed on the same DRB?
· If Reflective QoS is an attribute of both, is there a need to have (case of single PDU Session) two DRBs for the same QoS level/profile e.g. one corresponding for “QoS flows” with Reflective QoS and one corresponding to “QoS flows” with explicit packet filters?
· Does Reflective QoS need to be signalled in-band (on per packet basis) and why?
· Can the QoS of a “QoS flow” using Reflective QoS be changed on the fly and how?
· Other?
Companies are invited to provide their opinions in the table below.
	Company name
	Comments

	Intel
	Reflective QoS is an attribute of the “QoS flow”.
“QoS flows” with Reflective QoS can be multiplexed with “QoS flows” with explicit packet filters on the same DRB.
Reflective QoS indication should be signalled in-band because not all traffic requires Reflective QoS. This will avoid unnecessary derivation of “mirror packet filters” in the UE.
It should be possible to change the QoS of a “QoS flow” on the fly (e.g. to support features like “Imminent Peril” in MCPTT). It is FFS how this is achieved. 

	AT&T 
	Reflective QoS should be carried inband. See our response above for views on discussion around DRBs/QoS flow.

	ZTE
	Reflective QoS is used per “QoS flow”, not per packet in the “QoS flow”

	MediaTek
	1. Reflective QoS can apply both to the QoS flow and DRBs
2. Yes, if subject to the same QoS treatment
3. See 2.
4. For DRBs, we expect in-band signalling should be possible. RAN2 decision.
5. We expect explicit signalling for the set-up and modification of a QoS flow

	Ericsson
	Reflective QoS can be applicable per individual flows or for the entire PDU session. 

Reflective QoS per flow is an attribute of the “QoS flow” and included in the QoS rule sent to the UE.
“QoS flows” with Reflective QoS and “QoS flows” with explicit packet filters can be multiplexed on the same DRB
For interop reasons we assume that an explicit indication of the Reflective QoS mode such as through a unique TFT filter is adequate, however we are open for other options for indicating Reflective QoS mode. 

Reflective QoS per PDU session implies that the reflective mode is used for all flows of the PDU session and may be indicated at PDU session establishment. In this case, if no rate limitation per flow/SDF is enforced in the UE, NG1 signalling can be minimized and the UE may derive the FlowID to be used in UL based on the information given by the access network.

	Qualcomm
	Reflective QoS is an attribute of the PDU flow (QoS flow). All QoS flows that differ only for the PDPI marking have the same Reflective QoS. 

RAN should be allowed to multiplex reflective/explicit QoS flows in some conditions, e.g. if DRB security may be shared by two flows. Same applies to whether separate DRBs are needed for reflective and explicit filter flows. Whether it makes sense depends on RAN implementation of DRB creation rules (based on CN signalled QoS and marking)

RQ does not need to be signalled in band on a per-packet basis. RQ is implicit: if the UE receives DL packets on a DRB and does not receive AS signalling to indicate that the UL requires a different QoS treatment and should be mapped to a different DRB, reflective QoS is automatically applied (i.e. UL packets are sent on the same DRB used by the DL packets).

	LGE
	Reflective QoS is an attribute of the “QoS flow”
Whether and how Reflective QoS is used in AN should be discussed by RAN2. 
Reflective QoS indication should be signalled in-band to minimize signalling.

	CMCC
	Reflective QoS is an attribute of the flow. 
Reflective QoS indication signalled in-band is preferred. This will avoid unnecessary derivation of “mirror packet filters” in the UE.

	NTT DOCOMO
	Reflective QoS is used per QoS flow. We are not sure yet whether the Reflective QoS indication should be signalled explictly in-band, or the fact that the UE has an UL packet filter for the IP flow is sufficient to determine the UE shall not use Reflective QoS for the IP flow.



Email convenor’s summary:
Summary of the discussion:
[bookmark: _GoBack]The majority considers Reflective QoS to be attribute of the QoS flow. Some companies think that it may also be an attribute of the PDU Session as a whole. Flows with Reflective QoS and flows with explicitly signalled filters can be multiplexed on the same DRB.
Companies are divided whether Reflective QoS should be:
A) signalled via C-plane (Ericsson, ZTE??).
B) signalled inband via U-plane (Intel, AT&T, MediaTek??, LGE??, CMCC).
C) No signalling at all i.e. Reflective QoS is automatically applied for flows for which there are no explicitly signalled filters (Qualcomm??)	Comment by Stojanovski, Saso: How does this work with “match all” filter of the default QoS rule? Is there a “default” QoS rule needed in this approach?
From Nokia’s reply in clause 2.5 I take that QoS rules with “implicit filters” (derived via Reflective QoS) have higher precedence order than QoS rules with explicitly signalled filters.
Proposal 5.1: Reflective QoS is an attribute of “QoS flow”.
Proposal 5.2: QoS flows with Reflective QoS and QoS flows with explicitly signalled packet filters can be multiplexed on the same DRB.
Proposal 5.3: Implicitly derived QoS rules (via Reflective QoS) have higher precedence order than rules with explicitly signalled filters.
Proposal 5.4: It is still FFS whether Reflective QoS is signalled via C-plane, inband, or not signalled at all.  

2.6	Support for non-3GPP access
Several FFS notes in the agreements relate to support for non-3GPP access:
3a.	A default QoS rule shall and pre-authorised QoS rules may be provided at PDU Session establishment to UE. using NG1 signalling.
Editor's note: QoS related signalling to the UE for non-3GPP access is FFS.
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: 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.
Companies are invited to provide their opinions for support of QoS signalling for non-3GPP access in the table below.
	Company name
	Comments

	Intel
	Non-3GPP access is supported with the architecture described in Solution 8.2 (Case 3).
“QoS flow” related information is signalled to the non-3GPP access (to the N3ASF node) using NG2 signalling.
QoS information between non-3GPP access and UE is exchanged using non-3GPP access specific means.

	AT&T
	NG1 and NG2 signalling should be avoided and as a minimum NOT mandated for QoS support on non-3GPP accesses. Inband methods that can be generalized across various access technologies should be primary source of QoS support for non 3GPP accesses.

	ZTE
	NG1 ,NG2 and NG3 should be common for 3GPP access and non 3GPP access. 
QoS flow id in encapsulated header identifies the QoS rules and PDU sessions.

	Ericsson
	No signalling to the non 3GPP access is performed. The transport network and the non3GPP network apply a differentiated treatment per packet based on a marking similar to color marking in the outer header. 
 As the UE can make use of the filters for classification and differentiation in UL, the CN_CP can provide the UE with filters (TFTs or reflective indicator) applicable also when in non-3GPP access. How the flow differentiation can be implemented in the non-3GPP access network is access network dependant.

	Qualcomm
	QoS Rules are provided to the non-3GPP AN and the same marking on NG3 used for RAN are used for the non-3GPP AN. The non-3GPP AN maps the QoS rules on non-3GPP specific QoS. The same information provided on NG1, NG2 and NG3 for 3GPP RAN are also provided for non-3GPP AN.

	USDOC
	See comment in 2.4.

	LGE
	A default QoS rule and pre-authorised QoS rules are provided to the UE using NG1 signalling during PDU session establishment. There should be no NG2 signaling because we cannot mandate QoS enforcement in non-3GPP accesses.

	CMCC
	Although we think detailed discussion on non-3GPP may be in later stage, we current understanding on this tends to agree with AT&T.



Email convenor’s summary:
Summary of the discussion:
There is no clear consensus. At least three companies (Intel, ZTE, Qualcomm) indicate that NG1, NG2 and NG3 can be used in the same or similar way as with 3GPP access for provision of QoS rules to the non-3GPP AN and the UE, while the mapping of these QoS rules to the non-3GPP specific QoS is performed by the non-3GPP AN.
Proposal 6.1: Individual companies should clarify how the NextGen QoS framework applies to non-3GPP access as part of their architecture for support of non-3GPP access.


3	Summary and Proposal
As the outcome of this email discussion, the following is proposed. The actual text proposal is synthesised in a separate contribution S2-164761.
Proposal 1.1: It is proposed to focus the discussion on whether there is a need to identify droppable and/or delayable packets. With that clarification definitions (b) and (c) may converge.  

Proposal 2.1: DRB binding in RAN is based on NG3 marking and corresponding QoS policy (or “flow forwarding treatment”) provided via NG2 signalling (at PDU Session establishment or via QoS flow-specific signalling) or indicated in the NG3 marking itself. Packet filters are not used for DRB binding in RAN.
Proposal 2.2: DRB binding in UE is based on packet filters provided via AS-level mechanisms (or derived implicitly via Reflective QoS).
Proposal 2.3: DRB establishment without CN involvement is possible for pre-authorised QoS.
Proposal 2.4: DRB sharing is possible among PDU Sessions. Whether DRB sharing among “QoS flows” of the same PDU Session is possible is FFS.
Proposal 2.5: None for the time being (related to UE-requested DRB).
Proposal 2.6: Focus on whether an e2e “QoS flow ID” is needed.

Proposal 3.1: Focus on whether the QoS-related information provided from the network to the UE is partly signalled via NG1 or whether it is signalled at AS-level only.

Proposal 4.1: Clarify whether UE is aware of the QoS level / profile associated with a “QoS flow”.

Proposal 5.1: Reflective QoS is an attribute of “QoS flow”.
Proposal 5.2: QoS flows with Reflective QoS and QoS flows with explicitly signalled packet filters can be multiplexed on the same DRB.
Proposal 5.3: Implicitly derived QoS rules (via Reflective QoS) have higher precedence order than rules with explicitly signalled filters.
Proposal 5.4: It is still FFS whether Reflective QoS is signalled via C-plane, inband, or not signalled at all.  

Proposal 6.1: Individual companies should clarify how the NextGen QoS framework applies to non-3GPP access as part of their architecture for support of non-3GPP access.
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