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Abstract of the contribution: This contribution discusses the UE throughput impact on supporting Reflective QoS and proposes solutions to the problem.
1
Introduction
5G Reflective QoS enables the UE to create UE derived QoS rules dynamically based on the received downlink traffic; the UE shall use those rules for mapping uplink traffic to QoS flows, as is otherwise done with SMF-provided “static” QoS rules. However, support of Reflective QoS causes increased requirement on UE processing capability as discussed in earlier meetings. 
Earlier proposals [1], [2] were made and it was concluded [3] to leave the discussion to Stage 3 (i.e. CT1). Discussions in CT1#107 took place [4] and an interim conclusion was reached in [5][6]; two editor’s notes were defined as follows and [4] was “commented that [it] should be discussed in SA2 if needed” [6]:

	Editor’s note: Creation and maintaining of derived QoS rules generates additional requirements for the UE processing capacity. The UE can support only a limited number of concurrent derived QoS rules. Whether the maximum number of concurrent derived QoS rules should be standardized or implementation specific is FFS.

Editor’s note: The UE actions when the maximum number of concurrent derived QoS rules is exceeded (e.g. whether the UE deletes the least used derived QoS rule or stop deriving new QoS rules etc.) is FFS


2
Problem statement
As Reflective QoS is controlled on per-packet basis by Reflective QoS Indicator (RQI), to detect the activation of Reflective QoS, the UE is required to inspect downlink packets with RQI bit. Furthermore, a RQ Timer is used to manage the life cycle of a UE derived QoS rule. When RQI is detected, the UE shall extract the 5-tuple from IP header and see if this 5-tupe matches to any of existing UE derived QoS rules. If a match is found, the UE refreshes the RQ timer of the rule; otherwise the UE creates a new UE derived QoS rule for corresponding UL traffic. Consequently, a complete procedure to handle Reflective QoS in the UE side includes RQI inspection, 5-tuple extraction, UL rules matching, and UE derived QoS rule/timer management.
When Reflective QoS is activated for a specific SDF on a PDU Session, “non-stop” RQI bit will be received in downlink packets to keep the uplink rule alive, and the abovementioned procedure will be performed for every downlink packet. This causes increased requirements on UE processing further exacerbated as DL and UL data rates increase and as the number of concurrent QoS rules increase. Said otherwise, a limitation of throughput performance can be anticipated when RQoS is used in order to contain the required increase of UE processing.
Observation 1: Reflective QoS generates additional requirements on UE processing further exacerbated as DL and UL data rates increase, and as the number of concurrent QoS rules and packet filters increase. A limitation of throughput performance can be anticipated when RQoS is used in order to contain the required increase of UE processing.
While it is important to preserve the characteristics of Reflective QoS as intended in Stage 2, it is also critical to ensure Reflective QoS remains technically feasible – solutions to the above problems are addressed in the following proposals.
3
Proposals

Due to additional processing requirement for Reflective QoS, a UE with Reflective QoS configured may not always be able to comply with high data rates. In other words, Reflective QoS may limit the achievable throughput of a PDU session. Such problem may not be encountered for applications without a high data rate requirement (e.g. some IoT or URLLC applications), but is definitely relevant for some eMBB applications.  Current TS23.501 requires a UE supporting RQoS functionality to indicate RQoS support for every single PDU Session Establishment. It is proposed instead to allow this indication to be selective i.e. on a PDU Session basis. This would allow a UE to exploit the highest data rates enabled at the AS for some PDU Sessionss by not using RQoS (or only a limited use thereof) for these PDU Sessions whilst allowing full RQoS use for other PDU Sessions that may not require the highest data rates.
Proposal 1: A UE supporting Reflective QoS functionality indicates RQoS support on a PDU Session basis. 
In general, it is difficult to predict whether at a given time a UE supporting RQoS functionality will be able to use it; it depends on the UE computation capability, the required data rate, the burstiness of traffic, the number of running QoS rules, other ongoing traffic, etc. Hence, to ensure the best possible throughput performance a UE that is using Reflective QoS for a PDU Session shall be able to request limiting the further use of Reflective QoS for this PDU session such that the UE no longer derives new UE-derived QoS rules, but continues using existing UE-derived QoS rules. 
Proposal 2: A UE supporting Reflective QoS functionality shall be able to request limiting the further use of Reflective QoS capability for an existing PDU session such that the UE no longer derives new UE-derived QoS rules, but continues using existing UE-derived QoS rules. To this end it is proposed the UE triggers PDU Session Modification indicating Reflective QoS is not supported. 
It should be noted the behaviour in proposal 2 is not expected to be used in normal situations and would only occur rarely if at all – however it is important the UE notifies the network in order to prevent undue PDU Session Release upon the UPF detecting an UL packet on a “wrong” QoS flow.

Further considerations should be taken i.e. whether the limitation implies
a)
The UE no longer derives new UE-derived QoS rules for the lifetime of the PDU Session i.e. until the PDU Session is released; or

b)
The UE no longer derives new UE-derived QoS rules temporarily for this PDU Session until it is able to derive new rules again in which case it does so silently i.e. without explicit signaling to the network. This assumes the network continues setting the RQI (for “new” rules) while the limitation is active but polices UL packets to prevent undue PDU Session release; or

c)
The UE no longer derives new UE-derived QoS rules temporarily for this PDU Session until it is able to derive new rules again, in which case it notifies the network with PDU Session Modification
A sufficient hysteresis should be considered (UE implementation) for restarting deriving new rules for a PDU Session such as to avoid multiple off/on cycles. The table below summarizes the pros&cons for each approach.
	
	a)
	b)
	c)

	Pros
	Minimal signalling during a PDU Session: one-time limitation for the remainder of the PDU Session lifetime
	The temporary limitation can be removed silently by the UE during the PDU Session
Allows “limitation on/off” cycles

UPF continues setting Reflective QoS for “new rules” during the temporary limitation
	The temporary limitation can be removed during the PDU Session

Allows “limitation on/off” cycles

	Cons
	Reflective QoS cannot be fully reactivated on the PDU Session (release + re-establishment required)
	Policing adjustment in the UPF throughout the PDU Session according to “limitation on/off” cycles: Reflective QoS set by the UPF for “new rules” but ignored by the UE temporarily

Each limitation cycle needs one PDU Session Modification
	Each limitation cycle needs two PDU Session Modifications


Approach a) is taken as a baseline in [7].

The more the number of QoS rules and packet filters the UE needs to evaluate at one time, the more the UE processing overhead required to sustain the same data rate. This is not only valid for UE derived QoS rules, but also for signalled QoS rules. In order to ensure a predictable UE behaviour, we see a need for defining the number of concurrent QoS rules and packet filters a UE shall support, and beyond which the use of RQoS is not guaranteed. This should be specified by Stage 3. Note that the TFT in TS24.008 §10.5.6.12 (also re-used for LTE) limits the max. number of packet filters to 16 per TFT.
Proposal 3: The number of concurrent QoS rules and packet filters should be limited, and specified in Stage 3. 

Proposal 4: An LS to CT1 should be sent to inform about the above.
4
Conclusions
Observation 1: Reflective QoS generates additional requirements on UE processing further exacerbated as DL and UL data rates increase, and as the number of concurrent QoS rules and packet filters increase. A limitation of throughput performance can be anticipated when RQoS is used in order to contain the required increase of UE processing.

Proposal 1: A UE supporting Reflective QoS functionality, indicates RQoS support on a PDU Session basis. 
Proposal 2: A UE supporting Reflective QoS functionality shall be able to request limiting the further use of Reflective QoS capability for an existing PDU session such that the UE no longer derives new UE-derived QoS rules, but continues using existing UE-derived QoS rules. To this end it is proposed the UE triggers PDU Session Modification indicating Reflective QoS is not supported. 
Proposal 3: The number of concurrent QoS rules and packet filters should be specified in Stage 3. 

Proposal 4: An LS to CT1 should be sent to inform about the above.
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