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1 Introduction

In this document we study possible SDFs to QoS flow mapping patterns, and QoS flows to DRB mapping patterns by reviewing the TS 23.501, and discuss required UE handlings for RQoS and UL SDAP PDU transfer. Proposed texts are also provided.
2 Discussion
2.1
SDFs to QoS Flow binding and QoS Flow to DRB mapping
According to TS 23.501 [1], multiple Service Data Flows (SDFs) can be bound to a single QoS Flow. In other word a QoS Flow can consist of multiple SDFs. Also, a specific SDF (or specific SDFs) belonging to a QoS Flow can use Reflective QoS (RQoS), and all packets belonging to the specific SDFs using RQoS have RQI in the encapsulation header as described in section 5.7.5.3 in [1].

	5.7.5.3
Reflective QoS Control

…..
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.

…..
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.




Observation 1: A QoS flow can be consist of multiple SDFs, and some of the SDFs can use RQoS. All packets belonging to the SDFs using RQoS have RQI in the encapsulation header.
Figure 1 illustrate an example of SDFs to QoS Flow binding, and QoS Flow to DRB (for RQoS) mapping for RQoS. In the Figure 1, a QoS Flow (QoS flow#A, QFI=A) consist of SDF#1 not using RQoS and SDF#2/SDF3 using RQoS.
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Figure 1: an example SDFs to QoS Flow binding and QoS Flow to DRB mapping for RQoS (example 1)
As RAN2 agreed in the RAN2#99bis meeting, for each received DL SDAP PDU with RQI set to 1, the SDAP entity shall indicate the QFI and RQI of the SDAP header to the upper layer. This indication is required every time the UE receives RQI=1 for the QoS flow so that UE NAS can create/update delivered QoS rule with the SDF and start/restart NAS RQ timer as described in section 5.7.5.3 in [1].
	5.7.5.3
Reflective QoS Control

…..

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,

-
if the QFI associated with the downlink packet is different from the QFI associated with derived QoS rule, the UE shall update the derived QoS rule with the new QFI; and

-
the UE shall restart the timer associated to this UE derived QoS rule.



Observation 2: SDAP entity needs to indicate RQI and QFI to the upper layer each time receiving SDAP PDU with RQI set to 1 so that upper layer can create/update delivered QoS rule with the SDF and start/restart NAS RQ timer.
At SDAP entity, the QoS flow to DRB mapping rule for UL have to be stored when a first packet of SDF#2 or SDF#3, i.e. a first packet with RQI=1 is received. SDF#2 and SDF#3 doesn’t need to be distinguished for creating the QoS flow to DRB mapping rule as these SDFs carry the same QFI. Once the QoS flow to DRB mapping rule for UL is stored, the SDAP entity doesn’t need to restore/update the mapping rule for the same QoS flow until the UE receives RRC signalling for the mapping rule. Because in the RAN2#99 meeting, it was agreed:

	=>
UE controlled AS reflective mapping deactivation is not supported


However it may be left to UE implementation if the stored mapping rule for the QoS flow is maintained.

Observation 3: Once the QoS flow to DRB mapping rule for UL is stored, the SDAP entity doesn’t need to restore the mapping rule for the same QoS flow, even if multiple SDFs using RQoS are mapped to the same QoS flow.
Proposal 1: UE shouldn’t be required to store the QoS flow to DRB mapping rule for UL every time RQI=1 is received.

2.2
Operation for receiving new QFI with RQI
It was agreed in the RAN2#95bis meeting that the DRB can be configured so that multiple QoS flows to be mapped.
Figure 3 illustrate another of SDFs to QoS flow binding and QoS flow to DRB mapping for RQoS. In the Figure 3, a different QoS flow for RQoS (QoS flow#B, QFI=B) is mapped to the same DRB of Figure 1 (DRB#a). QoS Flow#B consists of SDF#4 not using RQoS, and SDF#5 using RQoS.
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Figure 2: an example SDFs to QoS Flow binding and QoS Flow to DRB mapping for RQoS (example 2)
As a QFI value for QoS flow#A and a QFI value for QoS flow#B are different, the SDAP header for the packets corresponding to SDF#5 carries different QFI value (QFI=B) from the packets corresponding to SDF#2 and SDF#3 (QFI=A) with RQI=1.

When the UE receives a first packet of SDF#5, the SDAP entity needs to store a new mapping rule, the QoS flow#B to DRB#a mapping rule for UL, in addition to the existing mapping rule, the QoS flow#A to DRB#a mapping rule for UL. In other word, the existing mapping rule shouldn’t be overwritten with the new mapping rule. The current definition of RQI parameter, “The RQI bit indicates whether NAS and/or AS mapping rules need to be updated” may cause misreading to “AS mapping rule need to be overwritten.” The definition of RQI parameter should be revised to avoid saying, “indicates whether AS mapping rules need to be updated.”
Observation 4: If a UE receive an SDAP PDU contains a new QFI value with RQI set to 1, the SDAP entity needs to store a new QoS flow to DRB mapping for UL in addition to the existing mapping rule for UL. 
Proposal 2: The definition of RQI parameter should be revised to avoid using the word “update”.
2.3
Multiple QoS flows to a DRB mapping

As written in section 5.7.1.7 of [1] the gNB needs to include the QFI value of the UL packet into the encapsulation header of N3 tunnel. 

	5.7.1.7
UL Traffic

Following characteristics apply for processing of UL traffic:

-
UE uses the stored QoS rules to determine mapping between UL User Plane traffic and QoS Flows. UE marks the UL PDU with the QFI of the QoS rule containing the matching packet filter and transmits the UL PDUs using the corresponding access specific resource for the QoS Flow based on the mapping provided by RAN.

-
(R)AN transmits the PDUs over N3 tunnel towards UPF. When passing an UL packet from (R)AN to CN, the (R)AN includes the QFI value, in the encapsulation header of the UL PDU, and selects the N3 tunnel.

…..


If only one QoS flow is mapped the DRB, the gNB can simply include the QFI value to the encapsulation header for each UL packet. However if multiple QoS flows are mapped to the same DRB like Figure 2, the gNB needs to distinguish the UL packets corresponding to QoS flow A and the UL packets corresponding to the QoS flow B. This is required regardless of DRB types (DRB for non-RQoS, or DRB for RQoS).
Observation 5: If multiple QoS flows are mapped to a DRB, gNB needs to distinguish QoS flows to which the UL packet is corresponding.
There are two possible options to distinguish:

Option 1) Store the SDFs to the QoS flow mapping for UL and monitor the SDF information of each UL packet

Option 2) SDAP header carries QFI information for each UL packet.
Option 1 seems to be redundant because the SDFs to the QoS flow mapping should be a role of upper layer. We propose Option 2 to distinguish multiple QoS flows in gNB for UL packets. The format of SDAP header for UL can be FFS.
Proposal 3: Regardless of the DRB is for non-RQoS or RQoS, if the DRB is configured so that the multiple QoS flows to be mapped, UL SDAP header shall be exist. The SDAP entity shall set the QFI to the UL SDAP header for the UL SDAP PDU.
3 Conclusion
We have the following observations and proposals:
Observation 1: A QoS flow can be consist of multiple SDFs, and some of the SDFs can use RQoS. All packets belonging to the SDFs using RQoS have RQI in the encapsulation header.
Observation 2: SDAP entity needs to indicate RQI and QFI to the upper layer each time receiving SDAP PDU with RQI set to 1 so that upper layer can create/update delivered QoS rule with the SDF and start/restart NAS RQ timer.
Observation 3: Once the QoS flow to DRB mapping rule for UL is stored, the SDAP entity doesn’t need to restore the mapping rule for the same QoS flow, even if multiple SDFs using RQoS are mapped to the same QoS flow.
Proposal 1: UE shouldn’t be required to store the QoS flow to DRB mapping rule for UL every time RQI=1 is received.

Observation 4: If a UE receive an SDAP PDU contains a new QFI value with RQI set to 1, the SDAP entity needs to store a new QoS flow to DRB mapping for UL in addition to the existing mapping rule for UL. 
Proposal 2: The definition of RQI parameter should be revised to avoid using the word “update”.

Observation 5: If multiple QoS flows are mapped to a DRB, gNB needs to distinguish QoS flows to which the UL packet is corresponding.
Proposal 3: Regardless of the DRB is for non-RQoS or RQoS, if the DRB is configured so that the multiple QoS flows to be mapped, UL SDAP header shall be exist. The SDAP entity shall set the QFI to the UL SDAP header for the UL SDAP PDU.
Proposal 4: Agree the text proposals for TS 37.324 below.

************** Text proposals for TS 37.324 ***************

5.2.1
UL data transfer procedures
At the reception of an SDAP SDU from upper layer for a QoS flow, the transmitting SDAP entity shall:

-
if there is no stored QoS flow to DRB mapping rule for the QoS flow as specified in the subclause 5.3:

-
map the SDAP SDU to the default DRB;
-
else:

-
map the SDAP SDU to the DRB according to the stored QoS flow to DRB mapping rule;
-
if the DRB to which the SDAP SDU is mapped is configured by RRC [3] with the presence of SDAP header for UL, 
-
construct the SDAP PDU as specified in the subclause 6.2.2.2;
-
set the QFI field in the SDAP header to a QFI value corresponding the SDAP SDU received from upper layer;
-
else: 
-
construct the SDAP PDU as specified in the subclause 6.2.2.1; 

-
deliver the constructed SDAP PDU to the lower layers.

5.2.2
DL data transfer procedures

At the reception of an SDAP PDU from lower layers for a QoS flow, the receiving SDAP entity shall:

-
if the DRB from which this SDAP PDU is received is configured by RRC [3] with the presence of SDAP header for DL:

-
perform reflective QoS flow to DRB mapping as specified in the subclause 5.3.2;

-
retrieves the SDAP SDU from the SDAP PDU as specified in the subclause 6.2.2.2;

-
else:

-
retrieve the SDAP SDU from the SDAP PDU as specified in the subclause 6.2.2.1;

-
deliver the retrieved SDAP SDU to the upper layer

5.3.2
Reflective QoS flow to DRB mapping

For each received DL SDAP PDU with RQI set to 1, the SDAP entity shall:

-
process the QFI field in the SDAP header and store the QoS flow to DRB mapping of the DL SDAP PDU as the QoS flow to DRB mapping rule for the UL;

-
indicate the QFI and RQI of the SDAP header to the upper layer.;
-
if the QoS flow to DRB mapping for the UL is not already stored,:

-
store the QoS flow to DRB mapping of the DL SDAP PDU as a QoS flow to DRB mapping rule for the UL.

6.2.2.2
Data PDU with SDAP header
Figure 6.2.2.2 – 1 shows the format of SDAP Data PDU of DL with SDAP header being configured.
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Figure 6.2.2.2-1: DL SDAP Data PDU format with SDAP header

Figure 6.2.2.2 – 2 shows the format of SDAP Data PDU of UL with SDAP header being configured.
Editor’s Note: UL SDAP header format is FFS.
NOTE:
The SDAP header for DL SDAP SDU is present when Reflective QoS to DRB mapping is configured. The SDAP header for UL is present when multiple QoS flow to DRB mapping is configured.

Editor’s Note: RAN2 aims at designing a 1 byte SDAP header.  Whether the QFI is 6 bit or 7 bits is FFS. Working assumption: One bit, RQI, to indicate update of mapping rule(s).
6.3.4
RQI

Length: 1 bit,

The RQI bit indicates whether NAS and/or AS mapping rules need to be updated, and AS mapping rules need to be stored if needed. 
Table 6.3.4 - 1: RQI field

	Bit
	Description

	0
	No action

	1
	To inform NAS; and to update store AS mapping rule, if needed.


Editor’s Note: Working assumption: One bit, RQI, to indicate update of mapping rule(s). RQI definition and the associated UE behavior can be discussed further.
4 References
[1] TS 23.501 v15.0.0, “System Architecture for the 5G System; Stage 2”
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