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1   Introduction
In the last RAN2 #96 meeting, whether the QoS flow ID field is added by a new protocol layer was discussed [1]. In this document, we will give further analysis on the necessity of introducing a new protocol layer for QoS flow to DRB mapping. 
2   Background

Below are some interim agreements of SA2 on QoS framework [2], which are related to RAN:

…

2.
U-plane marking for QoS is carried in encapsulation header on NG3 i.e. without any changes to the e2e packet header. It can be applied to PDUs with different types of payload, i.e. IP packets, non-IP PDUs and Ethernet frames.
…
10.1.2.
When passing an UL packet from (R)AN to CN, the RAN determines the NG3 QoS marking and selects the NG3 tunnel based on information received from the Access Stratum.
...
The names of interfaces defined in SA2 are not in line with the names of the corresponding interfaces defined in RAN. NG1 in SA2 equates to NAS in RAN. NG2 in SA2 equates to NG-C in RAN. And NG3 in SA2 equates to NG-U in RAN.

Some User plane QoS markings are scalar values that have standardized QoS characteristics (referred to as A-type NAS-level QoS profile). The standardized QoS characteristics may consist of Priority level, Packet Delay Budget and Packet Error rate.
Some User plane QoS markings are scalar values that point to dynamic QoS parameters signalled over NG-C (referred to as NAS-level B-type QoS profile). The dynamic QoS parameters may consist of Maximum Flow Bit Rate, Guaranteed Flow Bit Rate, Priority level, Packet Delay Budget, etc.
3   Discussion

According to the RAN2 agreements, the QoS flow id should be transmitted over Uu per packet and AS is responsible for the QoS flow to DRB mapping. Whether a new protocol layer should be introduced to enforce these functions will be discussed below. Furthermore, some possible new functions are also considered for the forward compatibility.
3.1   QoS flow ID field
The QoS flow id has been agreed to be added in air per packet in the last RAN2 meeting. There are two options for adding the QoS flow id in Uu. One option is adding the QoS flow id in the PDCP header, and the other one is adding the QoS flow id in a new layer header regarded as a part of PDCP SDU. In the option 2 as shown in the Figure1, in DL, the new layer in gNB embeds the QoS flow id in the new layer header and delivers the packet to PDCP layer. The new layer in UE receives the packets from PDCP layer, peels the QoS flow id and deliver the packet to upper layer. In UL, the new layer in UE embeds the QoS flow id in the header and delivers the packet to PDCP layer. The new layer in gNB receives the packets from PDCP layer, peels the QoS flow id and adds the QoS flow ID or the QoS marking in the encapsulation header in NG-U. The benefit of embedding the QoS flow id in the new layer header is that it will bring in no impact to PDCP and has good backward compatibility with LTE Radio protocol. 
No QoS flow ID needs to be transmitted over Uu in some cases, as discussed in the last RAN2 meeting. For the optoin1, the PDCP should handle the scenarios where the QoS flow ID is needed and the scenarios where the QoS flow ID is not needed, which will bring some impacts to the PDCP Data PDU. For the option2, the presence of QoS flow ID can be configured through enabling the new layer, which has no impact to PDCP layer. 
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                                    Figure 1 Two options for embedding the QoS flow id in Uu packet
Observation 1: The QoS flow id can be embedded in new protocol layer header with no impact to PDCP.
3.2   QoS Flow to DRB mapping 
The RAN determines the flow to DRB mapping and the RAN may map the QoS flow to an appropriate DRB based on the RRM policy and network status. Because the QoS flows coming from NAS layer may be mapped to any DRB according to the configured QoS flow to DRB mapping relationship, it is reasonable that the new layer which is responsible for mapping QoS flow to DRB should reside above the PDCP layer. In the receiver, the new layer should route the received packets to the right tunnel or instance based on the PDU session of the QoS flows. 
Another option is that the flow to DRB mapping function can be a new function within gNB or UE. For DL, the gNB can map the flow to an appropriate DRB based on the RRM policy through the new function within gNB. UE should route the received DL packets to the right instance according to the PDU session of the QoS flows through the new function. For UL, the UE should perform QoS flow to DRB through the new function according to the received QoS flow to DRB mapping configuration. The gNB should also route the received UL packets to the right tunnel based on the PDU session of the QoS flows through the new function.
The QoS flow to DRB mapping and the QoS flow to tunnel/instance mapping can be regarded as a routing function uniformly. The routing function can be implemented by the new layer or a separate function with no big difference.
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Figure 2 QoS Flow to DRB mapping in new layer

Observation 2: The QoS flow to DRB mapping can be performed by a new protocol layer above PDCP or by a separate function.
3.3   Reordering function for QoS flow relocation
QoS Flow relocation: 

RAN determines the flow to DRB mapping. If the QoS flow to DRB mapping relationship changes, the QoS flow relocation will occur. 

Scenario1: QoS flow mapped from default DRB to a dedicate DRB
If the first packet of the QoS flow is UL packet and no mapping rule is configured in the UE, the packet will be sent through default DRB to the network. The UL packet will trigger the QoS authorization in NGC. When the authorized QoS rule is distributed to RAN from NGC, RAN may need to initiate the dedicated DRB establishment according to the authorized QoS. Then RAN should remap the QoS flow to a more appropriate DRB based on the RRM policy and network status. The RAN should inform UE the new mapping relationship between the QoS flow and DRB. UE will transmit the packet in the new DRB after it received the new mapping configuration.
 For the pre-authorized QoS flow, the UE will send the packets in the default DRB first if no configured QoS flow to DRB mapping. The gNB may need to remap the QoS flow to another DRB after received the packets based on its policy and network status. 
Scenario2: Handover procedure
The QoS flow to DRB mapping relationship in source node may be different to that in target node because of the different RRM policies. Therefore, the QoS flow to DRB relocation may occur during the handover procedure.
Out of order delivery caused by QoS flow relocation

The QoS flow relocation will lead to out of order delivery issue under some situations. Assuming that the QoS flow1 is mapped to DRB1 first and remapped to DRB2 after the QoS flow relocation. If DRB2 has a higher priority packet treatment than the DRB1, the new data of QoS flow1 in DRB2 will arrive at the upper layer entity earlier than the old data in DRB1. Because the PDCPs of the two DRB are independent, there is no re-ordering function between these two PDCP entities. Then the out of order transmission occurs to upper layer, .e.g. TCP. As depicted in figure3, the packet9 and packet10 arrive at PDCP2 earlier than the packet7 and packet8 arrive at PDCP1. The packet9 and packet10 will be delivered to upper layer earlier than the packet7 and packet8, i.e., the out of order delivery would occur. RAN should resolve this out of order delivery issue caused by QoS flow relocation.
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Figure 3 Out of order delivery caused by flow relocation
Proposal 1: The out of order delivery issue caused by QoS flow relocation should be resolved in NR.
Solutions for out of order delivery:
One possible solution is that the PDCP entity of DRB2 does not start to deliver the packets of the QoS flow1 to upper layer until all the packets of the QoS flow1 in PDCP entity of DRB1 have been delivered to upper layer completely. The out of order delivery can be avoided. The PDCP sender should inform a last PDCP PDU indicator or an end marker to the PDCP receiver to assist the receiver to identify the end of transfer in the old DRB. The old PDCP entity should inform the new PDCP entity that the packets of the QoS flow in old PDCP entity have been delivered to upper layer completely. Therefore, the cooperation between the PDCP entities is needed in this solution.
The new layer can also be introduced to solve the out of order delivery. The old PDCP entity and new PDCP entity should deliver the PDCP SDU to the new layer as the legacy PDCP. The new layer will deliver the packets from the old PDCP entity firstly and then start to deliver the packets from new PDCP entity when the packets from old PDCP entity have been delivered to upper layer completely. For example, an end marker can be inserted by the old PDCP entity after it has delivered all the PDCP packets. The cooperation between the PDCP entities is not needed any more in this case.
Observation 3: The new protocol layer can address the out-of-order delivery issue during QoS flow relocation involving multiple PDCP entities.
The new layer can also reorder the packets based on the QoS flow SN which is introduced in new layer and assigned for the packets per QoS flow in the new layer. The new layer can receive the packets of one QoS flow from different DRBs and reorder the packets per QoS flow according to the flow SN order. This method is similar to the reordering function in PDCP for DC. The flow SN for every packet in new layer will bring the extra overhead in air, while the end marker solution has no extra overhead in air. Therefore, the end marker solution is a better solution for the out of order delivery.
Proposal 2: A new protocol layer should be introduced to support at least the following functions:
· to add QoS flow ID field in air in DL/UL;
· to perform QoS flow to DRB mapping;
· to perform Reordering function for QoS flow relocation.
4   Conclusion
Based on the discussions in this paper, we propose the following:

Observation 1: The QoS flow id can be embedded in new protocol layer header with no impact to PDCP.

Observation 2: The QoS flow to DRB mapping can be performed by a new protocol layer above PDCP or by a separate function.
Proposal 1: The out of order delivery issue caused by QoS flow relocation should be resolved in NR.
Observation 3: The new protocol layer can address the out-of-order delivery issue during QoS flow relocation involving multiple PDCP entities.

Proposal 2: A new protocol layer should be introduced to support at least the following functions:
· to add QoS flow ID field in air in DL/UL;
· to perform QoS flow to DRB mapping;

· to perform Reordering function for QoS flow relocation.
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