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1	Introduction
This contribution discusses QoS flow relocation upon reconfiguration events such as mobility.
2	Discussion
QoS flow relocation may take place for example together with HO when the target gNB has a different mapping policy than the source gNB. Additionally, the gNB may want to initially map a new QoS flow to the default DRB and move it to a more suitable DRB when the establishment is completed. The gNB may also like to reorganise the DRB selection and QoS flow to DRB mappings to match better to the existing traffic mix. 
Proposal 1: QoS flow to DRB relocation (re-mapping) procedure is needed.
In a simplest form the QoS flow relocation is just about switching a QoS flow from one DRB to another on a PDAP layer. This however may lead to out of order delivery since new DRB may have shorter latency than the initial one. Out of order delivery is harmful for many application and transport protocols (TCP) and should be avoided. In addition, out of order delivery may lead to “ping pong” - effect in the case of reflective QoS as explained in [1].
Therefore, it’s proposed that:
Proposal 2: QoS flow relocation procedure should preserve in-order delivery. 
In order delivery necessitates buffering of packet directed to new DRB if there is still unsent data through the initial DRB. Figure 1 illustrates QoS flow relocation procedure for AM DRBs where the buffering is performed in the transmitter side. 
[image: ]
Figure 1. QoS flow relocation, ordering in transmitter side
Phase 1: Green and blue QoS flows are mapped to default DRB and red QoS flow is mapped to DRB2. green QoS flow is re-mapped to DRB2.
Phase 2: Since green packets still exists in the transmission buffer of the default DRB the new packets of the green QoS flows are buffered in a temporal QoS flow specific buffer. The temporal buffer may be implemented in a PDAP layer or it can be part of the NR-PDCP. 
Phase 3: When the last green packet and all other packets with lower SN are sent through the default DRB, it can be assumed that the receiver has forwarded green packets to upper layer thus the gate of the temporal tunnel can be opened and new green packets released to DRB2.
The proposed method is transparent to receiver requiring buffering and other functions only at the transmitter side. 
[bookmark: _GoBack]Observation 1: Buffering at the transmitter side makes QoS flow relocation transparent to the receiver.
The Figure 2 illustrates the option for AM DRBs where buffering is performed in a receiver side. 
[image: ]
Figure 2. QoS flow relocation ordering in receiver side.
Phase 1: Green and blue QoS flows are mapped to default DRB and red QoS flow is mapped to DRB2. green QoS flow is re-mapped to DRB2.
Phase 2: The transmitter start to forward green packets to DRB 2 right away when DRB2 is configured and sends end marker for a green QoS flow through initial DRB (Default DRB).  Receiver buffers the UL packets of the green QoS flow in a temporal QoS flow specific buffer since green packets may still be under transmission through initial DRB. The temporal buffer may be implemented in a PDAP layer or it can be part of the NR-PDCP.
Phase 3: The receiver receives EM of a green QoS flow through default DRB and opens the gate of the temporal buffer and release green packets to upper layers.
Observation 2: Buffering at the receiver side requires an end marker for informing that packets of a relocated QoS flow are no longer expected from the initial DRB. 
By buffering at the transmitter side for the downlink and at the receiver side for the uplink, the UE impacts of QoS flow relocation are minimised.
Proposal 2: RAN2 should discuss which method to apply to which direction.  	
Conclusion
This contribution has discussed QoS flow relocation and suggests the following:
Proposal 1: QoS flow relocation procedure should preserve in-order delivery of a QoS flow. 
Observation 1: Buffering at the transmitter side makes QoS flow relocation transparent to the receiver.
Observation 2: Buffering at the receiver side requires an end marker for informing that packets of a relocated QoS flow are no longer expected from the initial DRB. 
Proposal 2: RAN2 should discuss which method to apply to which direction.
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