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1 Introduction
RAN2#99 has agreed that one bit RQI is used in SDAP header as a working assumption. In this paper, we identify the requirements for NAS Reflective QoS according to SA2 agreements, and further discuss how to design one bit RQI to satisfy the requirement for both NAS Reflective QoS and AS Reflective mapping.
2 Discussion
In current TS23.501 [1], SA2 has defined that Reflective QoS is controlled on a per-packet basis by using the Reflective QoS Indication (RQI) in the encapsulation header on N3 reference point together with the QFI. In other word, if NAS reflective QoS is activated, RAN will see RQI indication as set for every DL packet, and RAN shall understand these packets are subject to Reflective QoS. Moreover, TS23.501 also defines that when an RQI is received in DL, RAN shall indicate to the UE the QFI and that this DL packet is subject to Reflective QoS.
Observation 1: 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.
Furthermore, upon receiving a DL packet that is subject to Reflective QoS, UE NAS must check if a NAS mapping rule corresponding to the DL packet exists. If the rule does not exist, UE must create a new rule and start a timer to control the lifetime of this rule. Otherwise if the rule already exists, the UE simply restarts the timer to make sure the rule continues to be used for UL IP flow to QoS flow mapping. An illustration is shown in Figure 1.
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Figure 1. NAS handling defined in TS23.501 for Reflective QoS
Observation 2: UE NAS relies on incoming DL packets with indication that the packet is subject to Reflective QoS to extend the lifetime of the NAS rule.
In summary, from NAS point of view, the RQI shall indicate to the UE if the DL packet is subject to Reflective QoS, whereas from AS point of view, the RQI shall indicate to the UE if QoS flow to DRB mapping is changed. 
Observation 3: From NAS point of view, the RQI shall indicate to the UE if the DL packet is subject to Reflective QoS, whereas from AS point of view, the RQI shall indicate to the UE if QoS flow to DRB mapping is changed.
In the last meeting, RAN2 has agreed that 1 bit RQI is used to indicate the update of mapping rule(s) as working assumption. Note that “the update of mapping rule(s)” shall include the changes in either NAS or AS layer, and the triggering of change in NAS or AS should be independent. But from the above discussion it appears that if RQI indications meant for the AS are sent to the NAS layer, then NAS RQ mechanism is impacted which is undesirable.
Observation 4: Without any additional change to gNB and UE behavior, 1 bit RQI introduces undesired dependency between AS and NAS reflective mechanisms.
In the sequel, we discuss one mechanism to use 1 bit RQI without introducing undesired dependency.
For NAS Reflective QoS, the RQI in DL SDAP header shall be set when the gNB detects a change of RQI carried in N3 header for a particular QoS flow, either from 0 to 1 (i.e., the QoS flow is now subject to RQoS) or 1 to 0 (i.e., the QoS flow is no longer subject to RQoS). This means that the gNB cannot simply copy the RQI bit from N3 to DL SDAP header, but needs to maintain a state variable for each ongoing QoS flow to remember whether the QoS flow is subject to Reflective QoS or not. The UE NAS also needs to maintain the same state variable for every ongoing QoS flow. Every time the UE receives the RQI indicator in the DL SDAP header, the UE NAS shall automatically reverse the parameter, and perform the behavior specified in TS23.501 according to its latest status of whether the QoS flow is subject to Reflective QoS. An example procedure is shown in Figure 2. 
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Figure 2. Example procedure of using 1 bit RQI indicator for NAS Reflective QoS
For AS Reflective mapping, the RQI indicator is set when the gNB initiates an update of QoS flow to DRB mapping. In the UE side, when receiving the RQI indicator, the UE AS always maps the QoS flow specified by QFI to the DRB it received the DL packet. An example procedure is shown in Figure 3. 
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Figure 2. Example procedure of using 1 bit RQI indicator for AS Reflective mapping
Note that if the RQI indicator is sent from the gNB to change the DRB mapping for AS Reflective mapping, the indicator can mislead NAS and result in unexpected behavior in NAS layer. Therefore, a restriction must be added on the top of the solution. If UE AS layer determines that the RQI is used for AS Reflective mapping, it should not forward the indicator to NAS. In other words, the UE SDAP only forwards the RQI to UE NAS if the RQI is set in DL SDAP header but the QoS flow and DRB mapping is not changed. However, by adding this restriction, the gNB cannot send multiple packets with RQI bit set to ensure AS Reflective mapping is established reliably in the UE side because it will cause false alarm to the UE NAS Reflective QoS timer. As such, although the solution of one-bit RQI may work, it will require extra effort in the gNB and the UE, to maintain ‘state variables’, which violates the initial intention of Reflective QoS. There seems to be no simple and straightforward solution to satisfy both SA2 and RAN2 agreements.
Observation 5: One-bit RQI solution may work with the gNB and UE maintaining some state, but the solution cannot satisfy both SA2 and RAN2 requirements in a simple fashion. 
Compared to the solution above, using 2 bit RQI by separating AS and NAS RQI indicator can save the effort in the gNB and the UE, and the resulting procedure will be much simpler. As shown in Figure 4 and Figure 5, the NAS and AS can directly read their own indicator and perform the corresponding behavior accordingly. However, 2 bits RQI violates the working assumption and may impact the 1 byte SDAP header design target agreed in the last meeting.
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Figure 4. Example procedure of using separately RQI indicator for NAS Reflective QoS
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Figure 5. Example procedure of using 2 bit RQI indicator for AS Reflective mapping
Observation 6: Two-bits RQI solution provides a simple mechanism to decouple AS and NAS RQ requirements. However, it may jeopardize the 1 byte SDAP header design target.
Proposal 1: RAN2 to recognize the gap between SA2 and RAN2 requirements, and to further discuss whether to use 1 or 2 bits for RQI.
3 Conclusions
Observation 1: 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.
Observation 2: UE NAS relies on incoming DL packets with indication that the packet is subject to Reflective QoS to extend the lifetime of the NAS rule.
Observation 3: From NAS point of view, the RQI shall indicate if the DL packet is subject to Reflective QoS, whereas from AS point of view, the RQI shall indicate if QoS flow to DRB mapping is changed.
Observation 4: Without any additional change to gNB and UE behavior, 1 bit RQI introduces undesired dependency between AS and NAS reflective mechanisms.
Observation 5: One-bit RQI solution may work with the gNB and UE maintaining some state, but the solution cannot satisfy both SA2 and RAN2 requirements in a simple fashion. 
Observation 6: Two-bits RQI solution provides a simple mechanism to decouple AS and NAS RQ requirements. However, it may jeopardize the 1 byte SDAP header design target.
Proposal 1: RAN2 to recognize the gap between SA2 and RAN2 requirements, and to further discuss whether to use 1 or 2 bits for RQI.
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