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1 Introduction

SA2 has agreed that the QOS flow to DRB mapping is up to RAN i.e. Access Stratum (AS) Functionality.  QOS flows may be “moved” quite often in AS e.g. when a QOS flow is remapped to another DRB, when a QOS flow is moved to another eNB at handover, or when a QOS flow is moved from an MeNB to an SeNB. In this contribution we look in more detail at this QOS flow mobility and come to the conclusion that NR RAN will have to support 2-levels of QOS flow mobility.
2 Individual QOS flow mobility
AS will determine the mapping of QOS flows to DRB’s based on received QOS flow id’s / QOS flow profiles. Many factors may determine this mapping. To name a few:

1) If RAN wants more control, it might want to handle QOS flows with similar QOS on different DRB’s to be able to specify separate parameters like PBR for each QOS flow. 

2) If RAN wants more control, it might want to handle QOS flows with similar QOS on different DRB’s/logical channel groups so that the UL buffer status can already be determined based on the BSR. 

3) Depending on available Cell Groups/carrier frequencies, RAN may prefer to handle QOS flows with similar QOS on different DRB’s if this allows handling a high rate QOS flow on the SeNB directly.

4) Different eNB implementations may have different opinions about what is the best QOS flow->DRB mapping. As a result, at handover  the target eNB may want to change the mapping.

Based on the above, we assume it is clear that RAN should be able to move (remap) a QOS flow from one DRB to another (potentially new) DRB.

Observation 1a: 
RAN (AS) should be able to move (remap) an individual QOS flow from one DRB to another DRB. 
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Figure 1: Example of Individual QOS flow mobility (“Level 2”)
Figure 1 shows an example of individual QOS flow mobility where an eNB decides that instead of handling 2 QOS flows on one DRB, he considers it preferable to handle each QOS flow on a separate DRB.

We assume that for individual QOS flow mobility, the RAN will not support any other functionality than just changing the QOSflow->DRB mapping.  Note that as a result, individual QOS flow mobility will have the following characteristics:

1) Out of sequence delivery to higher layers
If a QOS flow is moved (i.e. mapping is changed) from one DRB to another DRB, we cannot guarantee in sequence delivery to higher layers during the move. This because there will be no common Sequence Number before and after the QOS flow move, that could be used for re-ordering. As a result, e.g. in DL (re)transmission in the old DRB may arrive at the UE later than subsequent DL transmission in the new DRB.

2) Non-lossless
In addition, when a QOS flow is moved to another DRB and at the same time the old DRB is released, packet loss may occur since the new DRB is using new PDCP SN’s and is unaware of the PDCP PDU’s that were lost on the old DRB. 
Observation 1b: 
Individual QOS flow mobility may not be lossless and cannot guarantee in sequence delivery of packets to the application layer. 

3 DRB level QOS flow mobility

One could wonder if the Individual QOS flow mobility approach is the only mobility level that is needed in NR. E.g. would it be acceptable to handle a handover as a move of individual QOS flows from a DRB in the source eNB to a DRB in the target DRB ? Given the characteristics of Individual QOS flow mobility described in section 1 (non-lossless, out of sequence delivery), we assume it is clear that it is not acceptable to handle handover only based on individual QOS flow mobility. The same can be said for moving a DRB e.g. from the MeNB to the SeNB in Dual-Connectivity (LTE “bearer type change”). Also for that mobility case we want to support lossless/insequence operation. As a result we need a second level of QOS flow mobility which we suggest to call “DRB level QOS flow mobility”.  
Let us call the DRB level mobility “level 1” QOS flow mobility, and the individual QOS flow level mobility (i.e. individual QOS flow remapping) as “level 2” QOS flow mobility. 
Level 1 is very similar to what happens in LTE at handover. However instead of having the EPS bearer id linking the old and new configuration, in NR we need another way of linking the DRB in the new and old configuration e.g. based on using the same radio bearer id. When the same radio bearer id is used before and after a reconfiguration, the DRB is kind of “continued”. Then it is logical that (unless other parts of the configuration tell differently), all QOS flows mapped to the DRB are moved with the  DRB. 
Observation 2a: 
RAN (AS) should be able to “move” a DRB with all QOS flows mapped to that DRB (“Level 1” QOS flow mobility). 

Figure 2 shows an example of DRB level QOS flow mobility at handover. In this case the target eNB is happy with the QOS flow -> DRB mapping from the source eNB and just wants to continue with the same mapping.
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Figure 2: Example of handover with Level 1 QOS flow mobility
With level1 QOS flow mobility, we can implement functionality like PDCP re-establishment working at the DRB level that ensures lossless operation with in sequence delivery to higher layers during the QOS flow mobility.
Observation 2b: 
Level1 QOS flow mobility supports lossless operation and can ensure in sequence delivery of packets to the application layer. 

Table 1 summarises what we assume are the main characteristics of Level 1 and Level2 QOS flow mobility:

	
	Level 1: 

DRB mobility
	Level 2: 

Individual QOS flow mobility

	1. 
What is moved ? 
	· DRB + all QOS flows mapped to that DRB 
	· One individual QOS flow 

	2. 
From where to where ? 
	· 
E.g. from Source eNB to Target eNB, from MeNB to SeNB,…
	· From “source DRB” to “target DRB”

	3.
Lossless ? 
	· 
Yes 
	· No 

	4.
Able to guarantee in sequence delivery to higher layers ?
	· Yes
	· No

	5. 
Signalling to the UE 
	· CP (RRC Reconfig)
	· CP (e.g. RRC Reconfig at handover) or UP(reflective QOS) 


Table 1: Two levels of “QOS flow mobility”
Proposal 1: 
NR will support 2 levels for QOS flow mobility:

· Level 1: DRB mobility

· Level 2: Individual QOS flow mobility
Proposal 2:
Main characteristics of Level 1 and Level 2 QOS flow mobility are as shown in table 1.

4. Combination of Level 1 + Level 2 QOS flow mobility

At certain events it might be desirable if the RAN is able to execute both Level 1 and Level 2 QOS flow mobility in combination. E.g. at a handover, the target eNB may be happy with almost the complete mapping as present in the source eNB, except that it wants to handle 1 QOS flow differently. In this type of situation Level1 mobility is configured at DRB level (ensuring lossless/ insequence operation as much as possible), and in addition a number of level2 individual QOS flow moves can be configured.
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Figure 3: Example of handover with Level1 + Level 2 QOS flow mobility
An example is shown in figure 3 where the target eNB uses Level 1 DRB mobility for DRB1 and DRB2, but in addition also moves QOS flow 4 to a separate (newly established) DRB3 with Level 2 individual QOS flow mobility. 

Proposal 3:
Normal handover (without “full configuration”) may use a combination of Level 1 + Level 2 QOS flow mobility.
5. Handover with “full configuration”
In addition to the examples already given above, one last example scenario we would like to discuss is handover with full configuration. 
During full configuration, the full AS configuration is released. As a result, all DRB’s but also the QOS flow->DRB mapping is released. DRB’s in the target eNB are new DRB’s (i.e. not continued/no PDCP re-establishment). As a result, the target eNB will have to indicate how to map the different QOS flows to the new DRB’s based on Level 2 QOS flow mobility. This is shown in figure 4. 
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Figure 4: Handover with full configuration – Level 2 QOS flow mobility

Proposal 4:
Handover with “full configuration” will only use Level 2 QOS flow mobility

4 Conclusions
Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals w.r.t. QOS flow mobility handling:
Proposal 1: 
NR will support 2 levels for QOS flow mobility:

· Level 1: DRB mobility

· Level 2: Individual QOS flow mobility

Proposal 2:
Main characteristics of Level 1 and Level 2 QOS flow mobility are as shown in table 1.

Proposal 3:
Normal handover (without “full configuration”) may use a combination of Level 1 + Level 2 QOS flow mobility.

Proposal 4:
Handover with “full configuration” will only use Level 2 QOS flow mobility
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