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1 Introduction
The RAN2 #99 meeting made the following agreement regarding the reflective QoS [1]:
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.
According to the reply LS from SA2 on SDAP header design, the standardized 5QI ranges from 1 to 79 in TS 23.501, and SA2 suggested at least a 7-bit QFI will be needed. Furthermore, the RAN shall not send a packet with a (NAS) Reflective QoS Indication to the UE on the radio interface unless the corresponding (NAS) Reflective QoS Indication was received from the UPF by RAN for this packet. In our understanding, reply LS from SA2 suggest the requirement of NAS only, more considerations on RAN Reflective QoS Indication (RQI) are needed.
According to the working assumption, a single bit for RQI is used for both AS and NAS reflective QoS. However, we found that in some cases one bit RQI is insufficient to indicate AS and NAS reflective QoS at the same time, i.e. the UE cannot distinguish an AS reflective QoS activation/de-activation decision from a NAS reflective QoS activation/de-activation decision. As a consequence, the UE may not be able to active/de-active AS reflective QoS correctly, and a “falsified” RQI may be sent to UE NAS. In this contribution we discuss this issue in details and provide potential solutions.
2 Discussion
In the current version of TS23.501 (V1.3.0) [3], RQI is described in the following text:
“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,…”

“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.”

According to the text, the RQI is originally designed to indicate the UE NAS (UPF for SA2) to apply the same DL IP flow to QoS flow mapping rules in UL. To ensure that the UE NAS takes the right action, RAN needs to include one bit RQI and the QoS flow ID (QFI) in the SDAP header, which is byte-aligned. Since that the size of QFI is likely to be 7 bits, some companies believe that RAN may reuse the one bit RQI to indicate AS reflective QoS, i.e. applying the same DL QoS flow to DRB mapping rules in UL in the UE AS (SDAP for RAN2). 
However, both the NAS and AS reflective QoS use in-band indication and they are independent with each other. With one bit RQI indicating two independent events, the UE will be confused to recognize which (NAS or AS or both) kind(s) of reflective QoS is activated. There is an explanation that the UE SDAP may first recognize AS reflective QoS by detecting changes of DL QoS flow to DRB mapping rule, which is infeasible due to that the AS reflective QoS can be activated/de-activated without/with changes of DL QoS flow to DRB mapping as well. This issue is discussed with examples as follows.
Case 1: NAS reflective QoS IS NOT activated. AS reflective QoS is ACTIVATED, i.e. the UE SDAP should apply the same DL QoS flow to DRB mapping rules in UL. In this case, the RQI should be set from 0 to 1 at gNB to indicate the UE to update UL mapping relations.
Example 1.1: DL QoS flow to DRB mapping rule is changed (e.g. “QoS flow 1 to DRB 1” -> “QoS flow 1 to DRB 2”) and the UE SDAP needs to update UL accordingly.
In this example, the UE SDAP detects that RQI changes from 0 to 1, and DL QoS flow 1 is remapped from DRB 1 to DRB 2. It will update UL mapping to “QoS flow 1 to DRB 2” whatever the previous mapping rule is. After that the UE SDAP will have to deliver RQI=1 to the upper layer since that it cannot recognize whether NAS reflective QoS is activated (i.e. UE NAS needs this RQI=1 or not). From the UE NAS perspective, the RQI is “falsified” by RAN and it will update IP flow to QoS flow mapping rules in UL even though NAS reflective QoS IS NOT activated. This violates the SA2 understanding that “the RAN shall not send a packet with a (NAS) Reflective QoS Indication to the UE on the radio interface unless the corresponding (NAS) Reflective QoS Indication was received from the UPF by RAN for this packet”.
Example 1.2: DL QoS flow to DRB mapping rule is not changed (e.g. “QoS flow 1 to DRB 1” remains) and only the UE SDAP needs to update UL accordingly.
In this example, the UE SDAP detects that RQI changes from 0 to 1, and DL QoS flow 1 remains to be mapped to DRB 1. It will update UL mapping to “QoS flow 1 to DRB 1” whatever the previous mapping relation is. After that the UE SDAP will have to deliver RQI=1 to the upper layer as well, which is a “falsified” RQI.
Observation 1: When NAS reflective QoS IS NOT activated, activating AS reflective QoS will cause unexpected update of IP flow to QoS flow mapping rules in the UE NAS, due to that the UE SDAP cannot recognize whether NAS reflective QoS is activated using only one bit RQI.
Case 2: NAS reflective QoS IS NOT activated. AS reflective QoS is DE-ACTIVATED, i.e. the UE SDAP should stop applying the same DL QoS flow to DRB mapping rules in UL. In this case, the RQI should be set at gNB from 1 to 0 to indicate the UE to stop updating UL mapping rules.
Example 2.1: DL QoS flow to DRB mapping rule is changed (e.g. “QoS flow 1 to DRB 1” -> “QoS flow 1 to DRB 2”) and the UE SDAP does not need to update UL accordingly.
In this example, the UE SDAP detects that RQI changes from 1 to 0, and DL QoS flow 1 is remapped from DRB 1 to DRB 2. It will maintain the previous mapping rule (i.e. no UL mapping update). The UE SDAP will deliver RQI=0 to the upper layer and no abnormity will be caused to the UE NAS.
Example 2.2: DL QoS flow to DRB mapping is not changed (e.g. “QoS flow 1 to DRB 1” remains) and the UE SDAP needs NOT to update UL accordingly.
In this example, the UE SDAP detects that RQI changes from 1 to 0, and DL QoS flow 1 remains to be mapped to DRB 1. It will maintain the previous mapping rule (i.e. no UL mapping update) unless an RRC configuration is received. The UE SDAP will deliver RQI=0 to the upper layer and no abnormity will be caused to the UE NAS.
Observation 2: When NAS reflective QoS IS NOT activated, de-activating AS reflective QoS will NOT cause unexpected update of IP flow to QoS flow mapping rules in the UE NAS, i.e. one bit RQI works well.
Case 3: NAS reflective QoS IS activated. AS reflective QoS is ACTIVATED, i.e. the UE SDAP should apply the same DL QoS flow to DRB mapping rules in UL. In this case, the RQI should remain to be 1 at gNB to indicate the UE to update UL mapping rules.

Example 3.1: DL QoS flow to DRB mapping is changed (e.g. “QoS flow 1 to DRB 1” -> “QoS flow 1 to DRB 2”) and the UE SDAP needs to update UL accordingly.
In this example, the UE SDAP detects that RQI remains to be 1, and DL QoS flow 1 is remapped from DRB 1 to DRB 2. It will update UL mapping to “QoS flow 1 to DRB 2” whatever the previous mapping rule is. After that the UE SDAP will deliver RQI=1 to the upper layer without affecting the UE NAS to update IP flow to QoS flow mapping.
Example 3.2: DL QoS flow to DRB mapping is not changed (e.g. “QoS flow 1 to DRB 1” remains) and only the UE SDAP needs to update UL accordingly.
In this example, the UE SDAP detects that RQI remains to be 1, and DL QoS flow 1 remains to be mapped to DRB 1. As a consequence it CANNOT recognize AS reflective QoS activation (i.e. the need to update UL mapping to “QoS flow 1 to DRB 1”). Meanwhile the UE SDAP will deliver RQI=1 to the upper layer without affecting the UE NAS to update IP flow to QoS flow mapping.

Observation 3: When NAS reflective QoS IS activated, AS reflective QoS activation without changing DL QoS flow to DRB mapping will NOT be recognized by the UE SDAP (i.e. ignored), due to that the UE SDAP sees no change of RQI=0 or DL QoS flow to DRB mapping using only one bit RQI.
Case 4: NAS reflective QoS IS activated. AS reflective QoS is DE-ACTIVATED, i.e. the UE SDAP should stop applying the same DL QoS flow to DRB mapping rules in UL. In this case, the RQI should remain to be 1 at gNB to indicate the UE NAS to update UL mapping rules.

Example 4.1: DL QoS flow to DRB mapping is changed (e.g. “QoS flow 1 to DRB 1” -> “QoS flow 1 to DRB 2”) and the UE SDAP needs NOT to update UL accordingly.
In this example, the UE SDAP detects that RQI remains to be 1, and DL QoS flow 1 is remapped from DRB 1 to DRB 2. It will update UL mapping to “QoS flow 1 to DRB 2”, which is NOT expected. After that the UE SDAP will deliver RQI=1 to the upper layer without affecting the UE NAS to update IP flow to QoS flow mapping.
Example 4.2: DL QoS flow to DRB mapping is not changed (e.g. “QoS flow 1 to DRB 1” remains) and the UE SDAP needs NOT to update UL accordingly.
In this example, the UE SDAP detects that RQI remains to be 1, and DL QoS flow 1 remains to be mapped to DRB 1. It will maintain the previous mapping rule (i.e. no UL mapping update) unless an RRC configuration is received. Meanwhile the UE SDAP will deliver RQI=1 to the upper layer without affecting the UE NAS to update IP flow to QoS flow mapping.
Observation 4: When NAS reflective QoS IS activated, AS reflective QoS de-activation with any change of DL QoS flow to DRB mapping will NOT be recognized by the UE SDAP (i.e. AS reflective QoS remains to be effective), due to that the UE SDAP sees no change of RQI=1 but DL QoS flow to DRB remapping using only one bit RQI.
To better understand this issue the following Table 1 gives an overall view of problems in each example mentioned above.

Table 1:
NAS/AS reflective QoS issues using one bit RQI

	Example
	NAS RQ
	AS RQ
	DL QoS flow -> DRB mapping
	NAS RQ Issues
	AS RQ Issues

	1.1
	N
	active
	change
	Activated Unexpectedly
	None

	1.2
	N
	active
	remain
	Activated Unexpectedly
	None

	2.1
	N
	de-active
	change
	None
	None

	2.2
	N
	de-active
	remain
	None
	None

	3.1
	Y
	active
	change
	None
	None

	3.2
	Y
	active
	remain
	None
	None

	4.1
	Y
	de-active
	change
	None
	Activated Unexpectedly

	4.2
	Y
	de-active
	remain
	None
	None


In summary the issue is caused by using ONE bit RQI to indicate TWO independent events (NAS and AS reflective QoS activation/de-activation). To solve this, an extra bit indicating AS reflective QoS could be an option. Otherwise additional mechanism to help the UE SDAP distinguish NAS/AS reflective QoS (or both) is needed if one bit RQI is still preferred.
Proposal 1: Reconsider the working assumption of “One bit, RQI, to indicate update of mapping rule(s)” and discuss solutions to solve the issues of incorrect recognition of NAS and AS reflective QoS activation/de-activation at UE SDAP, as described above.

To solve these issues, we discuss 3 possible solutions.
Solution a): The AS reflective QoS can only be used when NAS reflective QoS is used.

This solution limits the usage of AS reflective QoS. However by this limitation the NAS and AS QoS management are coupled, which should be separated and independent according to the two-level mapping architecture.

Solution b): AS reflective QoS activation/de-activation is based on the detecting of mapping rule change of the downlink packets.
As we have analysed above, the AS reflective QoS may still be falsely activated (Example 4.1).

Solution c): AS reflective QoS is only activated/deactivated by RRC.

In the current TS38.331 v15.0.0 there is a parameter reflectiveQoS in the IE SDAP-Config, indicating whether or not reflective QoS is active. If this parameter is used there is no need to use RQI for AS reflective QoS.

Solution d): Another 1 bit for AS reflective QoS, i.e. ARQI.
This solution solves the issues well, however considering that the length of QFI is 7 bits, adding 1 bit ARQI will extend the length of SDAP header from 1 byte to at least 2 bytes.
Note that Solution a) and b) are based on the assumption that one bit RQI is used for both AS and NAS reflective QoS and does NOT work well, while Solution c) and d) one bit RQI is only used for NAS reflective QoS as it is originally designed. Therefore it is proposed:

Proposal 2: One bit RQI, to only indicate update of NAS mapping rule(s) (IP flow to QoS flow).

3 Conclusions
In this paper, we have discussed the issue of incorrect recognition of NAS and AS reflective QoS activation/de-activation at UE SDAP, caused by using one bit RQI. We propose:

Observation 1: When NAS reflective QoS IS NOT activated, activating AS reflective QoS will cause unexpected update of IP flow to QoS flow mapping rules in the UE NAS, due to that the UE SDAP cannot recognize whether NAS reflective QoS is activated using only one bit RQI.
Observation 2: When NAS reflective QoS IS NOT activated, de-activating AS reflective QoS will NOT cause unexpected update of IP flow to QoS flow mapping rules in the UE NAS, i.e. one bit RQI works well.
Observation 3: When NAS reflective QoS IS activated, AS reflective QoS activation without changing DL QoS flow to DRB mapping will NOT be recognized by the UE SDAP (i.e. ignored), due to that the UE SDAP sees no change of RQI=0 or DL QoS flow to DRB mapping using only one bit RQI.
Observation 4: When NAS reflective QoS IS activated, AS reflective QoS de-activation with any change of DL QoS flow to DRB mapping will NOT be recognized by the UE SDAP (i.e. AS reflective QoS remains to be effective), due to that the UE SDAP sees no change of RQI=1 but DL QoS flow to DRB remapping using only one bit RQI.
Proposal 1: RAN2 is kindly asked to reconsider the working assumption of “One bit, RQI, to indicate update of mapping rule(s)” and find solutions to solve the issue of incorrect recognition of NAS and AS reflective QoS activation/de-activation at UE SDAP, as described above.

Proposal 2: One bit RQI, to only indicate update of NAS mapping rule(s) (IP flow to QoS flow).
4 References

[1] Report of 3GPP TSG RAN WG2 meeting #99
[2] R2-1712150_S2-178056, Reply LS on SDAP header design
[3] 3GPP TS 23.501 V1.3.0
