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1
Introduction
The NR 5G system is characterized not only by a new physical layer, but also but new features at the core side. In particular, as per SA WG2 design, the core network detects IP flows and classifies them into QoS flows, while RAN establishes and maps different QoS flows into radio bearers.
To facilitate faster and simpler mapping of new IP flows into QoS flows SA WG2 introduced a concept of the NAS reflective QoS mechanism that allows CN to signal to the UE that it should derive a new mapping rule for a particular IP flow. Similarly, RAN WG2 introduced a concept of the AS reflective QoS mechanism that allows RAN to indicate to the UE that it should update its mapping rule between the QoS flow and DRB. Both AS and NAS reflective QoS mechanisms are treated independently and can be even used independently,  as already discussed and captured in TS 38.300.

During the introduction of the AS reflective QoS mechanism, RAN WG2 discussed and concluded that it would be a huge processing load for the UE to check (and update if needed) QoS flow to DRB mapping for every incoming packet. Accounting for anticipated 5G peak rates, a UE will receive huge numbers of packets per second, but it is a relatively rare event for a QoS flow to be remapped to another DRB. 
For that reason RAN WG2 decided to introduce a special indicator in the SDAP header that should only be set by the network when a UE indeed needs to update its mapping table. The NAS reflective QoS mechanism has a similar indicator set by CN, but the logic for setting this indicator is different, which might put an unnecessarily high processing load on the UE side.  

In this discussion paper we elaborate further on the logical mismatch between setting the AS and NAS reflective QoS indicator motivating a need to change the corresponding CN side behavior in TS 23.501. 
2
AS and NAS reflective QoS indicator
If the SDAP header is configured for a particular DRB, then the header structure is as shown below. As can be seen from the figure, the SDAP header is fully static, i.e. once it is configured it has a fixed size and comprises several fields. The RDI and RQI fields are for the reflective AS and reflective NAS QoS, respectively; and remaining 6 bits are for the QoS flow ID (QFI). Because the QFI field is always present, a UE follows presence of the corresponding bits set in the RQI and RQI fields to know when it should check and update its classification and mapping rules. 
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Figure 1: DL SDAP header structure (if configured).
As mentioned in the Introduction part, the reason why RAN WG2 decided to introduce the RDI indicator in the SDAP header is to let the network tell a UE when it needs to update its mapping table (otherwise that indicator is not set). 
There were proposals not to have the RDI indicator in the SDAP header forcing a UE to check/update mapping tables for every incoming packet, but RAN WG2 concluded that it would a huge processing load on the UE side.

Observation 1:
RAN WG2 introduced the AS reflective QoS indicator in the SDAP header to alleviate UE processing load so that a UE should not check/update QoS flow to DRB mapping table for every incoming packet.
The NAS reflective QoS mechanism has a similar indicator set by CN carried over N3, and the RAN node simply copy/pastes this indicator into the RQI field of the SDAP header. In addition, SA WG2 also indicated that RAN must not alter this indicator. Referring to an excerpt from TS 23.501 presented in Annex A, one can see that CN logic for setting the NAS reflective QoS indicator is very different. In short, it is assumed that this indicator should be set TRUE whenever NAS reflective QoS is activated for a particular flow, not when CN decides to apply a new mapping. Since RAN is obliged to copy/paste the NAS reflective QoS indicator from the N3 header into the SDAP header as it is, it results in a situation when all the incoming packets will have RQI bit set, thus triggering UE to check/update IP flow to QoS flow mapping tables for every incoming packet. It is also worth noting that IP flow to QoS flow mapping table is more complex because the key to the mapping table is the IP address/port values, not a scalar value; as a result this operation will take more time slowing down UE UP processing capacity.
Observation 2a:
According to TS 23.501, CN sets NAS reflective QoS indicator in N3 header not when the actual mapping between the IP flow and QoS flow changes, but rather when the reflective QoS is enabled for a particular QoS flow.

Observation 2b:
As RAN is obliged to copy/paste the NAS reflective QoS indicator from the N3 header to the SDAP header, the corresponding indicator will be always set, thus putting a noticeable processing load on the UE UP processing module. 
The easiest way to alleviate processing load at the UE side is remove a requirement from UPF on putting the NAS reflective QoS indicator into every packet. 
However, the indicator still needs to be set for three reasons:

· To tell the UE to create a derived QoS rule

· If the QFI associated with the DL packet filter changes, to tell the UE to update an existing derived QoS rule

· To prevent the timer associated with the derived QoS rule from expiring

Therefore we propose that the UPF follows the following rules:

· The UPF sets the RQI bit in the encapsulation header for the first DL packet for the SDF
· For subsequent DL packets the RQI bit is only set if the QFI has changed, or for example on expiry of a timer to ensure the RQoS timer in the UE doesn’t expire. (How the UPF determines when to set the RQI bit is left to implementation.)
Proposal 1:
SA WG2 is asked to change/revise setting of the NAS reflective QoS bit so that it is not present for all the packets.
Proposal 2:
The rules for setting of the RQI bit are changed in line with the following:

· The UPF sets the RQI bit in the encapsulation header for the first DL packet for the SDF
· For subsequent DL packets the RQI bit is only set if the QFI has changed, or eg on expiry of a timer
3
Conclusions
In this discussion paper we have explained the background for the previous RAN WG2 decision to introduce the reflective QoS bit into the SDAP header. To alleviate UE processing load, RAN is anticipated to set the corresponding bit when the QoS flow to DRB mapping rules changes and the UE needs to update the corresponding mapping table. Similarly, the NAS reflective QoS bit should not be set by CN all the time – otherwise it will cause a tremendous load on the UE UP processing load.
Proposal 1:
SA WG2 is asked to change/revise setting of the NAS reflective QoS bit so that it is not present for all the packets.  

Proposal 2:
The rules for setting of the RQI bit are changed in line with the following:

· The UPF sets the RQI bit in the encapsulation header for the first DL packet for the SDF
· For subsequent DL packets the RQI bit is only set if the QFI has changed, or on eg expiry of a timer
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 (and N9) reference point together with the QFI, together with a Reflective QoS Timer (RQ Timer) value that is either signalled to the UE upon PDU Session Establishment or set to a default value.

When the 5GC determines that Reflective QoS has to be used for a specific SDF belonging to a QoS Flow, the SMF shall provide the RQA (Reflective QoS Attribute) within the QoS Flow's QoS profile to the NG-RAN on N2 reference point unless it has been done so before. When the RQA has been provided to the NG-RAN for a QoS Flow and the 5GC determines that the QoS Flow carries no more SDF for which Reflective QoS has to be used, the SMF should signal the removal of the RQA (Reflective QoS Attribute) from the QoS Flow's QoS profile to the NG-RAN on N2 reference point.

NOTE 1:
The SMF could have a timer to delay the sending of the removal of the RQA. This would avoid signalling to the RAN in the case of new SDFs subject to Reflective QoS are bound to this QoS Flow in the meantime.
When the 5GC determines to use Reflective QoS for a specific SDF, the SMF shall include an indication to use Reflective QoS 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 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 the RQI of that DL packet.
Upon reception of a DL packet with RQI:

-
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; and

-
if the QFI associated with the downlink packet is different from the QFI associated with the UE derived QoS rule, the UE shall update the UE derived QoS rule with the new QFI.
NOTE 2:
Non-3GPP ANs does not need N2 signalling to enable Reflective QoS. Non 3GPP accesses are expected to send transparently 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 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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