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1 Introduction
[bookmark: OLE_LINK184][bookmark: OLE_LINK68][bookmark: OLE_LINK67][bookmark: OLE_LINK66]The stage 2 TS has captured the following agreements. 
Within each PDU session, is up to RAN how to map multiple QoS flows to a DRB. The RAN may map a GBR flow and a non-GBR flow, or more than one GBR flow to the same DRB, but mechanisms to optimise these cases are not within the scope of standardization

In the previous RAN2 meeting, it was also agreed that:
There is a need to tell the UE that it has to update the mapping rule.   For the AS reflective QoS it is up to the RAN to decide when to update the mapping rules.  FFS on the details of the header format.

In this contribution, we discuss the functionality required in SDAP header design for reflective QoS indication and AS QoS flow remapping.
2 Discussion
2.1 SDAP header design for reflective QoS indication

For AS reflective QoS, it is up to the RAN to decide when to update the mapping rules, and NAS reflective QoS is controlled mainly by UPF (User Plane Function) according to 23.501[1], so the two procedures can be regarded as independent procedures and will be triggered by AS layer or NAS layer separately. Since the UE needs to be informed when any of the two procedures is triggered to update the mapping rules, it is proposed to have separate fields in SDAP header for AS and NAS reflective QoS accordingly, i.e., SDAP header will contain at least two more fields other than QFI, one field is used to indicate the update of the mapping in AS layer, another fields to indicate the update of the mapping in NAS layer.
Proposal 1: The indication to update AS Reflective QoS mapping rule and NAS Reflective QoS mapping rule are provided by separate fields in DL SDAP header from the gNB.
To update the AS Reflective QoS mapping, the gNB can simply use one bit indicator (referred to as AS-RQI hereafter) in the DL SDAP header. When AS-RQI is set to 1, the UE should create or update the mapping of the QoS flow to the DRB from which it receives the indicator. Note that in this case, the QFI shall also be included so that the UE knows which QoS flow needs to be mapped.
Proposal 2: One-bit indicator is used in the DL SDAP header to indicate when the UE needs to update the AS Reflective QoS mapping. When the indicator is set to 1, the QFI shall also be included in the header.
A similar principle can also be applied in NAS layer, i.e., use NAS indicator along with the QFI in the DL SDAP header to update NAS Reflective QoS mapping rule. However, since the design of NAS Reflective QoS indication in N3 (reference point between RAN and UPF) is not concluded by SA2 yet, the indicator format should wait for SA2’s final decision. 
Proposal 3: NAS indicator is used in the DL SDAP header to indicate the UE when the UE needs to update the NAS Reflective QoS mapping. When the indicator is set to update the mapping, the QFI shall also be included in the header. The length of the NAS indicator is FFS, pending SA2’s final decision.
In DL transmission, the QFI is only needed to be known whenever there is an update of AS or NAS Reflective QoS mapping rule. Therefore, it can be considered to omit the QFI field if there is no updating to be performed. The UE shall accordingly detect the AS-RQI and NAS-RQI, and determine if there is a QFI field in the SDAP header. 
Proposal 4: The QFI field in the DL SDAP header can be omitted or ignored when neither AS-RQI nor NAS-RQI is set.
2.2 SDAP header design for AS QoS flow remapping

When a QoS flow is remapped from one DRB to another DRB, the packets belonging to the QoS flow get mapped to two different PDCP entities. Since the remapping itself does not cause any loss of packets, we see no need to account for potential loss of packets due to QoS flow remapping. Note that if the DRBs are mapped to RLC AM, then (assuming LTE baseline), we expect the transfer to be completely lossless.
Observation 1: Additional mechanism to prevent packet loss during QoS flow remapping is not needed.
However, there is a possibility for packets to get reordered during QoS flow remapping. In our view, since the receipt of out-of-order packets can lead to undesirable performance for some services (e.g., when TCP treats multiple out-of-order packets as an indication of packet loss and throttles down throughput, or applications that are sensitive to out-of-order delivery like URLLC apps), a mechanism to prevent the performance degradation is needed. 
Observation 2: A mechanism is needed to prevent out-of-order delivery during QoS flow remapping.
A straightforward solution to prevent out-of-order delivery during QoS flow remapping is that the SDAP transmitter shall always ensure that the transmission over the new DRB is only started after the last transmission over old DRB is acknowledged. Nonetheless, such an approach may result in unnecessary latency. Therefore, in order to increase robustness and flexibility, we propose an end/start marker mechanism to be used. 
In this approach, the SDAP transmitter adds an “end-marker” to indicate the end of packet flow in the old DRB. When the SDAP receiver receives the packet with the “end-marker”, it knows that the flow is going to end in this DRB. If the SDAP receiver subsequently receives packets of the same flow in the new DRB, it can submit the packets from the new DRB to upper layer without fear of out-of-order delivery. However, if the SDAP receiver receives packets of the remapped flow in the new DRB without receiving a packet with “end-marker” in the old DRB, this means that out-of-order delivery has occurred and the SDAP receiver needs to hold the packet for a while to wait for the end-marker. An illustration is shown in figure 1. 
[image: ]
Figure 1: Use of “End-Marker” to indicate the end of flow in old DRB.
One disadvantage of the approach is that packets belonging to the new DRB may be unnecessarily delayed at the receiver. Also, there may be occasions that there are no PDCP packets remaining in the old DRB to add the end-marker. A slightly modified scheme would be to use a “start-marker” for packets belonging to the new DRB. When reordering functionality is disabled by RRC, or there is no packet to add for “end-marker” in the old DRB, the SDAP transmitter can directly add a “start-marker” to indicate the start of packet flow in the new DRB. When the SDAP receiver receives the “start-marker” packet, it need not wait for the end marker from the old DRB, and can start submitting data from the new DRB to upper layer. 
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Figure 2: Use of “Start-Marker” to indicate the start of flow in new DRB.
Note that “start-marker” and “end-marker” can be merged into a single bit in SDAP header since the SDAP transmitter shall use either “start-marker” or “end-marker” depends on the DRB (old or new). On the receiver side, the SDAP receiver will also see one of “start-marker” or “end-marker” packets when QoS flow remapping is taking place. This mechanism is quite simple and guarantees the in-order delivery during QoS flow remapping. A text proposal for 37.324 is provided for the mechanism in the Annex.
Proposal 5: Use “end-marker” and “start-marker” mechanism to guarantee in-order delivery during QoS flow remapping.
Proposal 6: One-bit indicator for “Start/End indicator” is used in the DL SDAP header to guarantee in-order delivery during QoS flow remapping.
A DL SDAP header design based on the above proposals is provided in Figure 3. The UL SDAP header can also use the Start/End marker field.
[image: ]
Figure 3: The format of DL SDAP header
3 Conclusions
Proposal 1: The indication to update AS Reflective QoS mapping rule and NAS Reflective QoS mapping rule are provided by separate fields in DL SDAP header from the gNB.
Proposal 2: One-bit indicator is used in the DL SDAP header to indicate when the UE needs to update the AS Reflective QoS mapping. When the indicator is set to 1, the QFI shall also be included in the header.
Proposal 3: NAS indicator is used in the DL SDAP header to indicate the UE when the UE needs to update the NAS Reflective QoS mapping. When the indicator is set to update the mapping, the QFI shall also be included in the header. The length of the NAS indicator is FFS, pending SA2’s final decision.
Proposal 4: The QFI field in the DL SDAP header can be omitted or ignored when neither AS-RQI nor NAS-RQI is set.
Observation 1: Additional mechanism to prevent packet loss during QoS flow remapping is not needed.
Observation 2: A mechanism is needed to prevent out-of-order delivery during QoS flow remapping.
Proposal 5: Use “end-marker” and “start-marker” mechanism to guarantee in-order delivery during QoS flow remapping.
Proposal 6: One-bit indicator for “Start/End indicator” is used in the DL SDAP header to guarantee in-order delivery during QoS flow remapping.
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[bookmark: _Toc488420136][bookmark: _Toc488420140][bookmark: _Toc486942264]5.3	QoS flow to DRB mapping procedure
[bookmark: _Toc488420137]5.3.1	QoS flow to DRB mapping configuration
When RRC [3] configures an UL QoS flow to DRB mapping rule for an SDAP entity, the SDAP entity shall:
-	store the UL QoS flow to DRB mapping rule.
[bookmark: _Toc488420138]5.3.2	Reflective QoS flow to DRB mapping
When reflective QoS flow to DRB mapping is configured, for each received DL SDAP PDU of the QoS flow, 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 SDAP PDU of the QoS flow.
5.3.3	Reflective QoS flow to DRB remapping
When a reflective QoS flow to DRB remapping is occurred, a reflective QoS flow will be mapped from one PDCP entity to another PDCP entity. 
The SDAP transmitter shall:
-	if all SDAP PDUs submitted to old PDCP entity are transmitted or the reordering functionality is disabled by RRC:
-	update the QoS flow to DRB mapping from old PDCP entity to new PDCP entity;
-	set the “Start/End Indicator” to 1 in the SDAP header of first packet to the new PDCP 
-	else:
-	set the “Start/End Indicator” to 1 in the SDAP header of last packet to the old PDCP entity;
[bookmark: _GoBack]-	update the QoS flow to DRB mapping from old PDCP entity to new PDCP entity;
The SDAP receiver shall:
·        if DL SDAP PDU is received in a different PDCP entity with its original QoS flow to DRB mapping rule:
-	if received DL SDAP PDU with “Start/End Indicator” is not set:
-	store the SDAP PDU until SDAP PDU with “Start/End Indicator” from old PDCP entity is received;

[bookmark: _Toc488420139][bookmark: _Toc486942263]6	Protocol data units, formats, and parameters
6.1	Protocol data units
[bookmark: _Toc488420141][bookmark: _Toc483216111][bookmark: _Toc478029713][bookmark: _Toc477873877]6.1.1	Data PDU
The SDAP Data PDU is used to convey one or more of followings:
-	a QoS flow ID;
-	user plane data.
-    NAS-RQI;
-    AS-RQI;
-    Start/End indicator; 
Editor’s Note: other elements are FFS.
[bookmark: _Toc488420142][bookmark: _Toc486942265]6.2	Formats
[bookmark: _Toc488420143][bookmark: _Toc486942266]6.2.1	General
A SDAP PDU is a bit string that is byte aligned (i.e. multiple of 8 bits) in length. In the figures in subclause 6.2, bit strings are represented by tables in which the first and most significant bit is the left most bit of the first line of the table, the last and least significant bit is the rightmost bit of the last line of the table, and more generally the bit string is to be read from left to right and then in the reading order of the lines.
SDAP SDUs are bit strings that are byte aligned (i.e. multiple of 8 bits) in length. An SDAP SDU is included into a SDAP PDU from the first bit onward.
[bookmark: _Toc488420144][bookmark: _Toc486942267]6.2.2	Data PDU
[bookmark: _Toc483216116][bookmark: _Toc488420145]6.2.2.1	Data PDU without SDAP header
An SDAP PDU consists only of a data field and does not consist of any SDAP header, as described in Figure 6.2.1-1.


Figure 6.2.2.1-1: Data PDU without SDAP header
[bookmark: _Toc486942268][bookmark: _Toc488420146]6.2.2.2	Data PDU with SDAP header
An SDAP PDU consists of a SDAP header and a Data field.
Editor’s note: the detailed format is FFS.
[bookmark: _Toc488420147][bookmark: _Toc486942269]6.3	Parameters
[bookmark: _Toc488420148][bookmark: _Toc486942270]6.3.1	General
If not otherwise mentioned in the definition of each field, then the bits in the parameters shall be interpreted as follows: the left most bit is the first and most significant bit and the right most bit is the last and least significant bit.
Unless otherwise mentioned, integers are encoded in standard binary encoding for unsigned integers. In all cases the bits appear ordered from MSB to LSB when read in the PDU.
[bookmark: _Toc488420149][bookmark: _Toc486942271]6.3.2	Data
Length: Variable
This field includes the SDAP SDU.  
[bookmark: _Toc488420150][bookmark: _Toc486942272]6.3.3	QFI
Length: FFS
The QFI field indicates the ID of the QoS flow [4] to which the SDAP SDU belongs.
6.3.3           AS-RQI
Length: 1 bit
The AS-RQI field is used to indicate the update of AS Reflective QoS. When the AS-RQI is set to 1, the UE shall change the QoS flow indicated in the QFI field to the DRB it received the SDAP PDU.
6.3.4           NAS-RQI
Length: FFS
The NAS-RQI field is used to indicate the update of NAS Reflective QoS. The SDAP receiver shall forward the QFI field with NAS-RQI if this field is configured. 
6.3.5           Start/End Indicator
Length: 1 bit
The Start/End Indicator field is used to guarantee the in-order delivery during QoS flow remapping. 
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