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1. Introduction
This paper revisits the discussion on QOS parameters and QOS signalling taking into account SA2 agreed normative text from SA2#118bis.
2. Review of 23.501 text
2.1 Definitions

As of SA2#118, SA2 has started to crystallize previous agreements into text for TS 23.501. In particular, the text proposal for the QOS model [1] was agreed. It is useful to review this text and check whether the current RAN3 TR is in line with this.
Reference [1] provides the following definitions:
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The 5QI can take value from a standardized value range (which is to be captured in TS 23.501 [2], mapping each 5QI value to QOS characteristics such as GBR/non-GBR, priority level, packet delay budget and packet error rate), or from a non-standardized value range. For the latter case, the 5G QoS characteristics will be signalled over N2, N11 and N7 at the time of QoS establishment (i.e. for RAN3, in the NG PDU Session establishment or modification procedures).

The QOS profile (of a QOS flow) then includes the 5QI parameter along with others such as ARP, Maximum Flow Bit Rate (MFBR) and Guaranteed Flow Bit Rate (GFBR). These parameters will also be signalled to the RAN at the time of establishment of the particular QOS flow.

2.2 User Plane Aspects

Further statements of interest are as follows:
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Note that a GBR QOS flow would also be associated with MFBR and GFBR, as discussed later in the same section. The following statements are also of interest:
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The current text refers to a marking in the encapsulation header on N3, and makes clear that such marking provides the binding to the 5QI. Further for A-type non-GBR QOS flows, the marking is a standardized 5QI.
3.  Analysis of the Current TR text

In the latest TR version [3], “key principles” and “uplink marking” are discussed respectively in sections 9.1 and 9.2. Here we list aspects where there seems to be some misalignments.
1. Definition of QOS profile

The text states “A QoS profile is either defined as a “A-type QoS profiles”, similar to QCI indication in EPS, which have standardized QoS characteristics, or along a “B-type QoS profiles” which has QoS characteristics dynamically signalled over NG-C.”. But from the SA2 text, it is clear that QOS profile is not similar to QCI in EPS, i.e. the QOS profile includes other parameters (instead it is the 5QI that is similar to QCI). This aspect is critical because the rest of the text seems to carry this assumption. 

In addition, SA2 is still discussing what A-type and B-type are, and in fact whether this “type” refers to profiles, or to how the flows (including QOS) are set up. One possible consequence is that there may be no direct relationship between the type (A/B) and the standardized or non-standardized nature of the 5QI. In other words the above quoted statement should be tuned so it does not preclude SA2’s conclusions, and it may be better simply not to refer to types, unless RAN3 tries to align with SA2 during and/or right after RAN3#95.
2. Principles of user-plane marking
As a principle, the text states “User plane marking for QoS is carried in encapsulation header on NG-U”. But the SA2 text is subtly different i.e. each PDU is associated with one 5QI via the marking. The point is that the marking does not necessarily provide full QOS information. 

3. Details of user-plane marking

After last meeting’s discussion, Figure 9.1-2 was retained as an example of the NG-U encapsulation header, which includes only the QOS Mark. This was justified based on generalizing the concept of “QOS Mark” in a way that seems more appropriate to a stage 3 discussion. This seems inconsistent also with this being the single example shown, which appears to indicate this possibility as the most logical or obvious implementation of the principles.
The arguments to use only this QOS Mark were based on the understanding that a user plane traffic with the same NG3 marking value within a PDU session corresponds to a QoS flow [4]. Or in other words
There is a one-one mapping between the following elements: A QoS rule- a corresponding NAS-level QoS profile- a corresponding QoS marking value – a corresponding QoS flow.

But from #1 above, this is not correct; or at least it cannot be correct if the QOS marking points to the 5QI. The obvious counter-example is that of GBR flows, i.e., there could be multiple GBR QOS flows in a PDU session, which might even have the same 5QI, but need to be distinguished in the RAN. So the only way that this approach can work is if the QOS marking is in fact not a QOS mark as such, but rather a pointer to a specific flow ID within the PDU session which may also contain implicit 5QI information. This is a stage 3 detail.
Observation 1: In order to identify uniquely a QOS flow, the so-called QOS mark must identify a unique QOS flow within the PDU session and this generally cannot be done by using the 5QI or even complete profile information.
Observation 2: With the above in mind, the name “QOS Mark” seems misleading.
Observation 3: Since the existing text provides an example, it is useful to either provide further examples and/or explain better the function of the “QOS Mark”.
The above observations are in line with the discussion in [5] which outlines two options – using the QOS flow ID, or a QOS mark. But there it was made clear that in the second case, the “mark” is different for different flows even if they share the same packet forwarding behaviour. Thus it seems that the mark becomes a flow ID proxy (i.e. the mark provides both information on QOS handling and on the specific QOS flow).
It is clear that this is a possible approach, but the problem is that, instead of explaining the requirement on user plane signalling, the TR now jumps directly into an example at quasi-stage 3 level. Hence, taking into account that we are still in a study phase:
Proposal 1: To clarify the text in section 9.1, aligning with TS23.501, and also introduce a second example.
Proposal 2: To highlight that the encapsulation header content will be determined in the normative phase.
4. Conclusions

As discussed above, we put forward the following:
Proposal 1: To clarify the text in section 9.1, aligning with TS23.501, and also introduce a second example.
Proposal 2: To highlight that the encapsulation header content will be determined in the normative phase.
The associated text proposal is given below and in the accompanying pCR [6].
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6. Text Proposal
---------------------------Start TP---------------------------------
9
QoS
· 9.1
Key principles for QoS in RAN
The following design principles for handling PDU Sessions and QoS flows related context data and respective resources at the New RAN apply:

-
New RAN receives QoS related information through NG-C PDU Session control signalling.
-
A PDU Session context includes a per PDU session default QoS profile and may include per PDU session pre-authorised QoS profiles.

NOTE 1:
Whether RAN needs to be aware of which NAS-level QoS profile is to be regarded as the default profile is to be further discussed in normative phase.
NOTE 2:
Any impact on RAN from reflective QoS is to be discussed in the normative phase.
-
During the lifetime of PDU Session context, the per PDU session QoS profile may be modified, added or deleted.

-
GBR QoS flow establishment requires explicit signalling on NG-C.

-
New RAN does not support packet filtering.
-
A QoS profile includes the parameters 5QI, ARP, Maximum Flow BitRate (MFBR), Guaranteed Flow BitRate (GFBR)
-
A 5QI is a scalar that is used as a reference to 5G QoS characteristics, i.e. access node-specific parameters that control QoS forwarding treatment for the QoS Flow. 5QI can take a value from a standardized value range, similar to QCI indication in EPS, or from a non-standardized value range, which has QoS characteristics dynamically signalled over NG-C.
NOTE:
The content of a QoS profile, including 5QI, needs to be determined in the normative phase.
· 
The following design principles for handling QoS aspects of the UE context at the New RAN apply:

-
A per UE UL and DL rate limit, provided to the serving New RAN node, shall be obeyed. 

The following design principles for handling QoS aspects on NG-U apply:

-
The encapsulation header on NG-U contains information sufficient to enable the RAN to handle each PDU according to the applicable QOS rules. 

-
Upon detection of a new non-GBR QoS flow on NG-U the New RAN node decides the mapping to radio resources, i.e. it may decide to create new radio resources or map it to existing radio resources 
Figure 9.1-1 depicts an example representation of a UE Context descriptor containing PDU Session and QoS flow related data and does not preclude any future protocol definition:
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Figure 9.1-1: Example representation of a UE Context descriptor containing PDU Sessions and QoS flows 
The format and contents of the NG-U encapsulation header shall be decided during the normative phase.
An example of possible content of the respective NG-U encapsulation header is depicted as follows:
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Figure 9.1-2: Example representation of the NG-U encapsulation header 
The QOS Mark provides sufficient information for the RAN to identify the related QOS flow (including applicable QOS profile). In this case, the resulting information flow between the UE, New RAN and NGC can be outlined in the following way:

-
The NGC provides QoS rule to the UE: NAS-level QoS profiles, packet filters and precedence order.
-
RAN will apply a specific QoS profile based on information received from the Core Network. 
-

RAN receives QoS profiles at PDU Session establishment using NG-C signalling. 

-
User plane marking for QOS is carried in encapsulation header on NG-U; RAN uses the QoS mark in the encapsulation header on NG-U to uniquely identify the QOS flow and to apply a specific QoS profile. 
-
For downlink traffic, it is up to RAN to bind the traffic onto a corresponding DRB based on the NG-U marking and the corresponding QoS characteristics provided through NG-C signalling, also taking into account the PDU session associated with the DL packet.
-
For uplink traffic, RAN relays the QoS Mark as received via the radio interface to the CN.
Figure 9.1-3 shows the end-to-end NR QoS framework with the mapping of the QoS attributes.
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Figure 9.1-3. NR QoS Framework description

An alternative example of content of the respective NG-U encapsulation header is depicted as follows:
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Figure 9.1-4: Alternative example representation of the NG-U encapsulation header 
In this case, the resulting information flow between the UE, New RAN and NGC can be outlined in the following way:

-
The NGC provides QoS rule to the UE: NAS-level QoS profiles, packet filters and precedence order.
-
RAN will apply a specific QoS profile based on information received from the Core Network.
-
RAN receives QoS profiles at PDU Session establishment using NG-C signalling.
-
QOS Flow ID is carried in the encapsulation header on NG-U. RAN uses the flow ID to identify the QOS flow and to apply a specific QoS profile.
-
For downlink traffic, it is up to RAN to bind the traffic onto a corresponding DRB based on the NG-U marking and the corresponding QoS characteristics provided through NG-C signalling, also taking into account the PDU session associated with the DL packet.
-
For uplink traffic, RAN relays the QoS Flow ID as received via the radio interface to the CN.
· 9.2
Uplink QoS marking

The New RAN shall determine and include the information in the NG-U encapsulation header of uplink packets so that the CN can apply appropriate charging and may do some validation checks. 

In the case of the QOS mark described in the previous clause, and depending on discussion in RAN2, the New RAN may either:
-
infer the NG-U QoS mark value from the DRB over which the UL packets have been received in case there is only one UL QoS flow mapped on a DRB,
-
 or infer the NG-U QoS mark value from the flow marking value received over the radio in case there are multiple QoS flows mapped on the same DRB.

In the case of the QOS Flow ID described in the previous clause, and depending on discussion in RAN2, the New RAN may either:
-
infer the NG-U QoS Flow ID from the DRB over which the UL packets have been received in case there is only one UL QoS flow mapped on a DRB,
-
 or infer the NG-U QoS Flow ID from the flow identifier received over the radio in case there are multiple QoS flows mapped on the same DRB
---------------------------End TP---------------------------------
5G QoS Flow: 5G QoS Flow is the finest granularity for QoS forwarding treatment in the 5G System. All traffic mapped to the same 5G QoS Flow receive the same forwarding treatment (e.g. scheduling policy, queue management policy, rate shaping policy, RLC configuration, etc.). Providing different QoS forwarding treatment requires separate 5G QoS Flow.


5G QoS Indicator (5QI): A scalar that is used as a reference to a specific QoS forwarding behaviour (e.g. packet loss rate, packet delay budget) to be provided to a 5G QoS Flow. This may be implemented in the access network by the 5QI referencing node specific parameters that control the QoS forwarding treatment (e.g. scheduling weights, admission thresholds, queue management thresholds, link layer protocol configuration, etc.).





Each 5G QoS Flow (GBR and Non-GBR) is uniquely identifiable and is associated with the following QoS parameters:


-	5G QoS Indicator (5QI);


-	Allocation and Retention Priority (ARP).


Editor's Note: Description of other parameters such as Notification Control is FFS.


Editor's Note: How the 5G QoS Flow is uniquely identified is FFS.





NOTE 1:	On N3, each PDU (e.g. in the tunnel used for the PDU session) is associated with one 5QI via the marking carried in the encapsulation header. The same applies to the N9 interfaces. For A-type 5G QoS flows only standardised 5QIs from the non-GBR range are used as N3/N9 user plane markings.


Editor's Note: It is FFS whether the ARP is included within the 5G QoS Profile sent to the UE.


Editor's Note: It is FFS how the ARP for QoS Flows with A-type flows is determined.
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