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1
Introduction
During the NR study item phase, RAN WG2 discussed and captured a number of agreements regarding new QoS framework. In particular, as per SA WG2 decision, the core network detects and assigns so called QoS flow ID to incoming packets within the PDU session, while RAN establishes and maps different QoS flows into different radio bearers.
As was further discussed in RAN WG2, it is not only the gNB, but also a UE that needs to know to which QoS flow a particular packet belongs to perform certain actions. In other words, the gNB node must be able to include the corresponding information into the DL packets. During the RAN2#99 meeting, a number of papers were contributed on the SDAP header structure, based on which RAN WG2 made the following key working assumptions; and the corresponding LS was also sent to SA WG2.
Agreements

1.
RAN2 aims at designing a 1 byte SDAP header.  Whether the QFI is 6 bit or 7 bits is FFS.

2.
If configured, SDAP header size for a DRB is static (assuming 1 byte header).  The QFI will always be present. 
3. 
No SN will be introduced in SDAP
Agreements:

1.   Working assumption: One bit, RQI, to indicate update of mapping rule(s)

One of the working assumptions made by RAN WG2 is that a single bit used as the reflective QoS indication, effectively covering both AS and NAS reflective QoS operation. However, some proponents still consider that a single bit indication in the SDAP header is not sufficient, and two separate indicators would be more preferable [1-3]. 

In this contribution we provide a detailed overview of different scenarios and uses cases when CN and RAN use independently or jointly reflective QoS mechanisms. Based on the presented considerations, a single-bit RQI indication in the SDAP header can cover all the scenarios. Nevertheless, some additional clarifications or changes might be required in the SA WG2 specifications.
2
Common AS/NAS reflective QoS indicator
2.1
General overview of the header format

It is worth noting that RAN WG2 already made a decision that the SDAP header can be completely absent, and this mode of operation is referred to as "transparent mode". In other words, unless explicitly configured by RRC on the per DRB basis, a UE should not expect presence of any SDAP related information. One of the scenarios when the SDAP header is not configured at all as when neither CN nor RAN intends to use the reflective QoS mechanism, and thus presence of the SDAP header can be viewed as the redundant element (however, nothing prevents RAN from configuring the header even if the reflective QoS is not used).
If the SDAP header is configured for a particular DRB, then the preliminary header structure is the one as presented in Figure 1 below. As can be seen from the figure, the SDAP header is fully static, i.e. once it is configured it has the fixed size and comprises two fields: reflective QoS indicator (RQI) and QoS flow ID (QFI). It should be noted that since the QFI field is always present in this solution, there is no way for the UE to know whether it needs to update its mapping rules as triggered by reflective QoS. As a result, there is the "RQI" field, which will be set by gNB in those cases when a UE needs to update its reflective QoS associations.
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Figure 1: DL SDAP header structure (if configured).
2.2
Reflective QoS indicator in the SDAP header

Based on the contributions submitted to the RAN#99 meeting, two major approaches exist with regards to how many bits we might need to trigger reflective QoS actions at the UE side. Architecturally, there are two levels of mapping: IP_flow-to-QoS_flow, and QoS_flow-to-DRB. Since these mappings can be in principle updated independently from each other, it gives some motivation to introduce two separate bits for the reflective QoS actions in the SDAP header covering the following scenarios. At the same time, as already discussed and preliminary agreed during the RAN2#99 meeting, a single bit suffices covering the following major scenarios.  
1.
Updating both IP_flow-to-QoS_flow and QoS_flow-to-DRB mapping. The most anticipated scenario is when a new IP flow arrives, which gets classified into a new QoS flow and a new DRB. In this case, when a UE receives the DL packet with the RQI field set, it will check and update both NAS and AS level mapping information.
2.
Updating only IP_flow-to-QoS_flow mapping. The most anticipated scenario is when a new IP flow arrives, but it is classified into the existing QoS flow, QoS_flow-to-DRB mapping for which already exists. As an example, a new IP flow is mapped to the existing default QoS flow that is already mapped to the existing default DRB. In this case, when a UE receives the DL packet with the RQI field set, it will check both NAS and AS level mapping information, but only the NAS level mapping information will be updated with a new binding between IP flow and QoS flow.
3.
A UE is asked to update only QoS_flow-to-DRB mapping. The most anticipated scenario is when the IP flow already exists and was already classified by CN, and RAN just needs to move this flow into a different DRB. As an example, RAN decides to allocate a new DRB and moves existing QoS flow(s) to that DRB. In this case, when a UE receives the DL packet with the RQI field set, it will check NAS and AS level mapping information, but only QoS flow to DRB mapping will be changed. 
Referring to the aforementioned scenarios and some concerns presented in [1-3], it bears noting that SA WG2 introduced so-called NAS level "reflective QoS inactivation timer", purpose of which is to delete automatically the corresponding NAS level classification rule (i.e. IP_flow-to-QoS_flow) upon the timer expiry. Annex A also presents the corresponding excerpts from the SA WG2 specification elaborating on how the timer should work. In short, referring to the highlighted part in Annex A, whenever NAS receives a packet with the RQI bit set, it has to (re-)start the NAS level timer for the corresponding rule. Thus, there have been concerns from companies that if there is only one RQI indicator in the SDAP header, then a UE cannot differentiate between the AS and NAS reflective QoS actions, which may potentially cause NAS level timer mismatch between the CN and UE.
Figure 2 presents a diagram with all the major cases and scenarios when CN and/or RAN use the reflective QoS mechanism. If the CN does not use the reflective QoS mechanism at all (which should be indicated by CN to RAN as already discussed between RAN WG2 and SA WG2), but RAN still decides to enable the SDAP header to e.g. switch QoS flows from one DRB to another, then there should no issue. The matter is that as the CN does not use reflective QoS, all the IP_flow-to-QoS_flow classification rules must be provided explicitly by CN, which in turn means that presence of the RQI bit in the SDAP header should not instantiate a new entry in the NAS classification table at the UE side. Nevertheless, to make UE functioning more rigid and stable, one can consider introducing an explicit indication to the UE on whether CN reflective QoS mechanism is activated so that the UE knows for sure whether it should check NAS classification rules and (re-)start timers. 
Observation 1a:
When the CN does not use NAS reflective QoS, but the RAN uses AS reflective QoS, there is no problem as the UE should not even start the corresponding NAS level timer.

Observation 1b:
For the sake of robustness, a UE is informed explicitly on whether CN uses reflective QoS or not (similar to the corresponding indicator from CN to RAN).
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Figure 2: Overview of scenarios when N3 and SDAP RQI bit is set.

Referring again to Figure 2, when the CN uses the reflective QoS mechanism and sets the N3 RQI bit, there is no problem regardless of the fact whether RAN actually wants also to re-map this QoS flow to another DRB or not. A UE will anyway check the AS level QoS_flow-to-DRB mapping and update it if needed. In addition, the RQI bit in the SDAP header will cause NAS level timer (re-)start.
Observation 2:
When the CN uses NAS reflective QoS and sets N3 RQI bit, there is no problem regardless of whether RAN uses at the same moment AS reflective QoS mechanism. The UE will check and update the AS level mapping, the NAS level mapping, and (re-)start the NAS level timer. 

The problem occurs only in one particular case, when the CN uses (in principle) the NAS reflective QoS mechanism, but the N3 RQI bit is not set. However, the RAN decides to use the reflective mechanism to switch a QoS flow from one DRB to another. If the matching NAS level classification rule was instantiated by means of the NAS reflective QoS, then a UE will restart the NAS timer according to TS 25.301, causing later the CN timer to expire before the UE timer does.
Observation 3:
When the CN uses NAS reflective QoS but does not set N3 RQI bit, and RAN uses at the same moment AS reflective QoS mechanism, the NAS timer mismatch might occur between the CN and UE. 

It is worth noting that the potential timer mismatch between the UE and CN is caused by the way SA WG2 defined timer re-starting condition in TS 25.301. At the moment, the specification says that the CN re-starts timer only when the N3 RQI bit is set. However, one of the premise ideas of this timer is to delete automatically NAS classification rules after absence of the user plane data for the corresponding IP session. In other words, the NAS level timer should ideally be re-started whenever any IP packet for the corresponding NAS classification rule is received, not only when CN sets the N3 RQI bit. 
Proposal 1:
To clarify with SA WG2 re-starting rule for the NAS level timer, i.e. whether it should be re-started upon reception of any IP packet matching the corresponding NAS classification rule or only when the RQI bit is set for the IP packet.
Irrespective of the outcome of the Proposal 1 to clarify rules to re-start the NAS level timer, it bears noting that RAN can always prevent the NAS timer mismatch by avoiding re-mapping QoS flows by means of reflective QoS when the N3 RQI bit is not present. As elaborated earlier, the most anticipated scenario is that when a new IP flow appears triggering the CN to set the N3 RQI bit, the RAN will also make a decision on which DRB this QoS flow should be mapped to. In other words, both CN and RAN reflective QoS actions take place at the same time.
Finally, even if the NAS classification rule mismatch occurs between CN and UE, it will not cause any damage to the system and user plane data flow. According to TS 23.501, the CN is anyway anticipated to check and verify whether a particular IP flow belongs to the correct QoS flow. If the CN detects the mismatch then it can re-issue the reflective QoS action.
Proposal 2a:
The RAN can prevent NAS level timer mismatch by not using reflective QoS mechanism when the N3 RQI bit is not set.

Proposal 2b:
As the CN and UE NAS classification rule mismatch due to other error cases, the CN can detect it and (re-)issue the reflective QoS action.
3
Conclusions
In this discussion paper we have expressed our further views on ….
Proposal 1:
To clarify with SA WG2 re-starting rule for the NAS level timer, i.e. whether it should be re-started upon reception of any IP packet matching the corresponding NAS classification rule or only when the RQI bit is set.
Proposal 2a:
The RAN can prevent NAS level timer mismatch by not using reflective QoS mechanism when the N3 RQI bit is not set.

Proposal 2b:
As the CN and UE NAS classification rule mismatch due to other error cases, the CN can detect it and (re-)issue the reflective QoS action.
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Annex A: TS 23.501

5.7.5.3
Reflective QoS Control

Reflective QoS is controlled on per-packet basis by using the Reflective QoS Indication (RQI) in the encapsulation header on N3 reference point together with the QFI, together with a Reflective QoS Timer (RQ Timer) value that is either signaled to the UE upon PDU Session establishment or set to a default value.

The RQA (Reflective QoS Attribute) within a QoS flow's QoS profile provided by the SMF to the NG-RAN on N2 reference point indicates that some (not necessarily all) traffic carried on this QoS flow is subject to Reflective QoS. The RQA is indicated to NG-RAN at UE context establishment in NG-RAN and at QoS flow establishment.
When the 5GC determines to use reflective QoS for a specific SDF, the SMF shall include an indication to use reflective QoS that Reflective QoS is to be applied for this SDF in the corresponding SDF information provided to the UPF via N4 interface.
When the UPF receives this indication for an SDF, the UPF shall set the RQI bit in the encapsulation header on the N3 reference point for every DL packet corresponding to this SDF.

When an RQI is received by (R)AN in a DL packet on N3 reference point, the (R)AN shall indicate to the UE the QFI and that this DL packet is subject to Reflective QoS.
Upon reception of a DL packet that is subject to Reflective QoS:

-
if a UE derived QoS rule with a packet filter corresponding to the DL packet does not already exist,

-
the UE shall create a new UE derived QoS rule with a packet filter corresponding to the DL packet; and

-
the UE shall start, for this UE derived QoS rule, a timer set to the RQ Timer value.

-
otherwise the UE shall restart the timer associated to this UE derived QoS rule.
NOTE 2:
Non-3GPP ANs does not need N2 signalling to enable Reflective QoS. Non 3GPP accesses are expected to send transparantly the QFI and RQI to the UE. If the UPF does not include the RQI, no UE derived QoS rule will be generated. If RQI is included to assist the UE to trigger an update of the UE derived QoS rule, the reception of PDU for a QFI restarts the RQ Timer.
Upon timer expiry associated with a UE derived QoS rule the UE deletes the corresponding UE derived QoS rule.
When the 5GC determines to no longer use reflective QoS for a specific SDF, the SMF shall:

-
Remove the indication to use reflective QoS in the corresponding SDF information provided to the UPF via N4 interface. 
When the UPF receives this instruction for this SDF, the UPF shall no longer set the RQI bit in the encapsulation header on the N3 reference point. 
The UPF shall continue to accept the UL traffic of the SDF for the originally authorized QoS flow for an operator configurable time.
NOTE 3:
This means that the detection and QoS enforcement instructions which were applied before the SMF removed the indication to use reflective QoS remain active in UL direction while the accounting of the UL traffic is done according to the new instructions. 

NOTE 4:
The operator configurable time has to be at least as long as the RQ Timer value to ensure that no UL packet would be dropped until the UE derived QoS rule is deleted by the UE.
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