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1 Introduction
The previous RAN2 meetings made the following agreement regarding to the QoS flow to DRB mapping [1]-[3]:
1.
RAN determines the mapping relationship between QoS flow and DRB for UL and DL.

2.
RAN can map multiple QoS flows to a DRB.

3.
For reflective QoS, the UE determines QoS Flow ID to DRB mapping in the uplink based on the downlink packets received within a DRB and applies those filters for mapping uplink Flows to DRBs.

4.
DL packets over Uu are marked in band with QOS-flow-id for the purposes of reflective QoS.

5.
UL packets over Uu are marked in band with QOS-flow-id for the purposes of marking forwarded packets to the CN.

6.
FFS: for bullets 4 and 5 whether it can be semi-statically configured to not include the QOS flow ID in some cases.

7.
A new user plane AS protocol layer (e.g. PDAP) above PDCP should be introduced to accommodate all the functions introduced in AS for the new QoS framework, including:
· - QOS flow->DRB routing; 

· - QoS-flow-id marking in DL packets;

· - QoS-flow-id marking in UL packets.
And it is also discussed in [4]-[6] that RAN may need to remap/relocate/reconfigure a QoS flow from one DRB to another for better QoS provisioning.

In this contribution we discuss about the issues regarding the QoS flow to DRB remapping.

2 Discussion on QoS flow to DRB remapping
QoS flow to DRB remapping is defined as the operation that the RAN changes the mapping relation between a QoS flow and a DRB, i.e., a QoS flow is reconfigured to be carried on a different DRB. The remapping may take place when the gNB wants to move a QoS flow in the default DRB to a dedicated DRB. Moreover, the present DRB for a QoS flow may become unavailable due to the change of radio environment including HO. And the gNB may adjust DRB allocation to better cope with the current traffic mix.
Impact on QoS flow ID usage
For QoS flow to DRB remapping, there are four possible cases for the mapping relation change as shown in Figure 1:

a) from a non-shared DRB (only 1 flow within before remapping) to a new DRB (no other flow within before remapping);

b) from a non-shared DRB to an existing DRB (other flow(s) within before remapping);

c) from a shared DRB (more than 1 flow within before remapping) to a new DRB;

d) from a shared DRB to an existing DRB.
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Figure 1 Cases for remapping
By looking into Figure 1 it is observed that a DRB bearing only one flow may bear more after remapping, e.g. case b), and vice versa, e.g. case c).

For a DRB to which only one QoS flow is mapped, the RAN is able to derive the QoS flow ID from the DRB ID thanks to the 1-to-1 mapping as described in [7], i.e., the new UP AS layer (e.g. QoS layer) does not need to add QoS flow ID unless it is required for reflective QoS. For a DRB to which multiple QoS flows are mapped, the QoS layer should mark each flow with its ID for correct delivery to the CN. Since the remapping may change the number of QoS flows on one DRB, corresponding operations of QoS flow ID marking are needed at the QoS layer as listed in Table 1.

Table 1 QoS flow ID operations in the QoS layer for remapping cases

	Case
	The flow(s) that remains in the source DRB after remapping
	The flow that is remapped from the source DRB to the target DRB
	The flow(s) that exists in the target DRB before remapping

	a)
	X
	Flow ID addition in the QoS layer is not needed
	X

	b)
	X
	Flow ID should be added if there is none (mandatory)
	Flow ID should be added in the QoS layer if there is none

	c)
	Flow ID can be removed if it is the only flow left and no reflective QoS applied (optional)
	Flow ID addition in the QoS layer is not needed
	X

	d)
	Flow ID can be removed if it is the only flow left and no reflective QoS applied (optional)
	Flow ID must be retained (mandatory)
	Flow ID should be added in the QoS layer if there is none


Therefore it is proposed:

Proposal 1: The QoS layer should support QoS flow ID add/delete operations as listed in Table 1 when remapping a QoS flow to another DRB.
Impact on in-order delivery of PDCP SDUs
During QoS flow to DRB remapping, it is possible that one QoS flow is remapped to a more suitable DRB, which means that the latency of the target DRB may be shorter than that of the source DRB. In this case, a packet sent over the target DRB may arrive earlier than a previous one sent over the source DRB. Therefore it is possible at the receiving side that one QoS flow is carried on more than one DRB at the same time. Whether 1-to-N mapping is supported for QoS flow to DRB has not been decided yet.

Observation 1: The receiving side has the possibility to deal with the case that one QoS flow is carried on multiple DRBs.

Since a DRB is per PDCP, it also indicates that out-of-order delivery of PDCP SDUs may occur after remapping, which is not allowed for some transport protocols (TCP) and reflective QoS (ping pong effect as explained in [8]). Therefore the QoS layer may need, e.g. the reordering function, to guarantee in-order delivery of PDCP SDUs. Other solutions such as temporal buffer and timer may also be considered.

Proposal 2: The function to guarantee in-order delivery of PDCP SDUs at the QoS layer is needed if in-order delivery to layers above L2 is required.

3 Conclusions
In this paper, we have discussed about the issue of mapping a QoS flow to multiple DRBs. We propose:

Observation 1: The receiving side has the possibility to deal with the case that one QoS flow is carried on multiple DRBs.

Proposal 1: The QoS layer should support QoS flow ID add/delete operations as listed in Table 1 when remapping a QoS flow to another DRB.

Proposal 2: The function to guarantee in-order delivery of PDCP SDUs at the QoS layer is needed if in-order delivery to layers above L2 is required.
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