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1 Introduction
In RAN2 #99 meeting [1], we have the following agreements regarding QoS:
Agreements:

1.   Working assumption: One bit, RQI, to indicate update of mapping rule(s)
2.
RAN should be able to move/remap a QoS flow from one DRB to another DRB

However if we take a further look at SA2’s description, there are issues against our previous agreement. And in this paper we will discuss more details.
2 Discussion
Below is a copy of the text of current TS 23.501 version 1.4.0 from SA2 [2]:
From the highlighted parts, we can see that:

Observation 1: The NAS reflective mapping rules is dynamically managed at the UE with a timer based mechanism, which is quite different from the AS level mapping rules management.

Observation 2: At the N3 reference point, the RQI=1 is an indication of either the setup of new NAS rules, or refreshing of the existing rules. While the RQI=0 is an indication of deactivation of the NAS reflective QoS for a concerned SDF in the QoS Flow.

However, considering the following case, if the RQI at N3 is set to 0, but the gNB wants to use AS reflective updating, then the RQI at SDAP should be set to 1 at gNB. However, at UE side, UE will pass this 1 bit to the NAS layer, and then the UE will either setup a new NAS rule or refresh the NAS rule timer for the SDF in the QoS flow, but the original intention at CN is to turn off/deactivate NAS reflective mapping for that SDF in the QoS flow!

Observation 3: CN indication will be misled for the case when RQI at N3 is set to 0 (to deactivate NAS reflective QoS) while gNB wants to do the AS level updating.

For the past RAN2 agreement, the assumption of using a single RQI bit to indicate either AS or NAS updating is that for the NAS updating, when the RQI bit is set to 1, the IP flow to QoS flow mapping relations which is implicitly indicated by the UP packets is always changed. So the UE could tell if the real NAS rules updating is required by checking the mapping relations provided by the UP packets. 

However, with the usage of a timer, the RQI=1 at N3 could also be used to refresh the existing rule’s timer, and the same mapping relations is provided by the UP packets, thus the UE could no longer tell if a real NAS updating is needed and the ambiguity issue happens.

To solve this, three options could be used:

Option 1: Use separate RQI bits for AS and NAS updating at SDAP layer;

Option 2: Use 1 bit AS/NAS RQI, but restrict the usage of AS level updating to the cases only when NAS reflective QoS is activated.
Option 3: Only NAS RQI bit is used, and the concept of UP based AS mapping rules updating is removed, i.e. only RRC based AS mapping updating is used.
Option 1 is pretty easy to understand, but that will introduce 1 more bit at SDAP header and reduce the QFI length and flexibly of NR QoS framework.

For option 2, the single bit RQI could still be used, as the ambiguity issue by observation 3 is removed from usage. Actually, for option 2, the AS mapping updating could not be indicated from the RQI bit, but implicitly checking of the QoS flow to DRB mapping relations by the UE. And in that sense, the RQI bit should actually be called as NAS-RQI bit.
For option 3, the complete concept of UP based AS mapping updating is removed, so that there will be no ambiguity issues.
The option 2 seems could work anyway, however, if we have a more careful look, there are still some performance or UE complexity issues for option 2.
From the highlighted parts, we can see that:
Observation 4: While reflective QoS is used and activated for a SDF, all the DL packets are marked with RQI bit set from CN.
However, if the AS/NAS coupled RQI bit is used at SDAP, during the reflective QoS activation period, all the RQI bit at SDAP header should be set to 1 whether or not an AS reflective QoS rule remapping is required. This will increase the UE burden a lot, since for every DL SDAP packets, the UE will have to do the following procedures repeatedly and unnecessarily for a lot times:

1. Obtain the indicated AS mapping relations (QFI – bearer) from SDAP UP packet

2. Check if the indicated AS mapping relation (for that QoS flow) exists or not: 

a) If yes, update the AS mapping with the indicated value.
b) If not, setup the AS mapping with the indicated value.
Observation 5: If AS/NAS coupled RQI structure is used, when NAS reflective QoS is used and activated, the UE needs to do a lot of unnecessary AS mapping checking procedures even there is no actual AS updating required, which increases UE burden and power consumption a lot.
Thus, based on the above analysis, we could say that option 2, even if works, will causes a lot of unnecessary UE complexity and power waste. Thus it is not recommended. 
Proposal 1: It is proposed RAN2 to discuss the ambiguity issue of RQI and the two options (option 1 and option 3) to address the issue.
The UP based AS mapping rules updating indication is quite simple and saves air signal costs. Thus it is recommended to be kept and used, and it is better not to use option 3. 
Proposal 2: Option 1 is used for solving the RQI issue, i.e. separate NAS and AS RQI bit is used at SDAP layer.
3 Conclusion
Based on the discussions in this paper, we propose the following:
Observation 1: The NAS reflective mapping rules is dynamically managed at the UE with a timer based mechanism, which is quite different from the AS level mapping rules management.

Observation 2: At the N3 reference point, the RQI=1 is an indication of either the setup of new NAS rules, or refreshing of the existing rules. While the RQI=0 is an indication of deactivation of the NAS reflective QoS for a concerned SDF in the QoS Flow.

Observation 3: CN indication will be misled for the case when RQI at N3 is set to 0 (to deactivate NAS reflective QoS) while gNB wants to do the AS level updating.

Observation 4: While reflective QoS is used and activated for a SDF, all the DL packets are marked with RQI bit set from CN.

Observation 5: If AS/NAS coupled RQI structure is used, when NAS reflective QoS is used and activated, the UE needs to do a lot of unnecessary AS mapping checking procedures even there is no actual AS updating required, which increases UE burden and power consumption a lot.

Proposal 1: It is proposed RAN2 to discuss the ambiguity issue of RQI and the two options (option 1 and option 3) to address the issue.
Proposal 2: Option 1 is used for solving the RQI issue, i.e. separate NAS and AS RQI bit is used at SDAP layer.
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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.
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