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1   Introduction
At last RAN3#103bis discussion started on how to implement solution 4 on multi connectivity agreed by SA2.
At RAN3#104 and RAN3#105 no time was dedicated on solution 4.
The solution 4 is now specified in section 5.33.2.2 of [2]. SA2 has captured the following editor’s note related to the question above: 

NOTE 2:
How to realize the sequence number for support of GTP-U duplication over N3/N9 is up to stage 3.

Stage 3 of N3 interface is under responsibility of RAN3 so we assume that RAN3 should decide on the above question.
This paper investigates this question and derives appropriate stage 2, stage 3. 
2   Description

Let us try picturing the general protocol stack from the duplicated PDU sessions and the decision mechanism as seen by the receiver:
Option 1
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The option 1 corresponds to the addition of a GTP sequence number as part of the GTP layer. Packets are duplicated by UPF and sent over the two GTP tunnels with the same SN. Duplication applies for all the QoS flows which have been set as to be duplicated. For example, QoS flows 1, 2, and 3 are requested to be duplicated, however they may have different latency requirements.

Imagine the following numbers go out of the data stream 1:
GTP SN stream 1: 47, 48, 50 

GTP SN stream 2: 47, 48 …., 49
Assume packet 49 is lost on stream 1. Question arises how long to wait for packet 49 on stream 2. Assume packet 49 is received on stream 2 after waiting time DT. Then packet 50 has been delayed by DT useless even if received earlier on stream 1 in order to keep in-order delivery.
However, in-order delivery requirement is meaningful per QoS flow.

In the example above, imagine packet 49 belongs to QoS flow 1 and packets 48 and 50 belongs to QoS flow 2. Packet 50 has been delayed uselessly. Moreover of QoS flow 1 has less stringent delay requirement than QoS flow 2, the delay added to packet 50 is not nly useless but maybe non recoverable. The actual sequence representing time dimension will then appear as:
GTP SN stream 1: 47, 48,          ,50 

GTP SN stream 2: 47, 48 …., 49

Cumulative effects can easily be imagined to worsen the picture above.
The above example actually means that taking GTP SN alone without considering the QFI does not make sense for the redundancy mechanism.

This means that option 1 is not valid and this leads to option 2 presented below where after extracting the information from GTP (GTP SN) the PDU Session protocol information must be also extracted which includes the QFI. The (elimination/selection) decision process only takes place afterwards.
Option 2
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In the decision box, both GTP SN and QFI must be taken into account. In the example above packet 50 will be delivered from stream 1 even though packet 49 has not been receives yet because they belong to different QoS flows. 

Even though option 2 seems to make it work to work, it however requires to keep track of the mapping between GTP SN and QFI in an uneasy way because in fact there is no in-order delivery for the GTP Sequence Numbers.
In fact, option 2 does not really resolve the problem because as long as packet 49 has not been received, its QFI is unkown. If packets 48 and 50 are QoS flow 1 and packet 49 is QoS flow 2 there is no reason to wait packet 49. If instead packets 48 and 50 are QoS flow 1 and packet 49 is QoS flow 1 as well then packet 50 cannot be delivered before 49 is received on stream 2.

The example above proves that only SN associated with each individual QoS flow can make the redundancy mechanism work well enough. This leads to the option 3 described below:
Option 3:
Because the SN is associated to each individual QoS Flow, using the specific GTP extension to include a GTP SN is no more necessary. It is even counter-productive as it means a second layer to decode compared to straightly including the SN in the PDU Session Protocol itself, together with the QFI already present as presented below: 
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The receiver just needs to decode the PDU session protocol to:
· Ensure the in-order delivery per QoS flow,

· Do not add erroneous inter-QoS flow extra delay which penalize QoS flow x when a packet of QoS flow y is delayed or missing.  

Proposal 1: continue the evaluation of solution 4 of multi-layer connectivity using option 3.
3   Conclusion

This paper has investigated the question related to the SA2 editor’s note in section 5.33.2.2 of [2]:
NOTE 2:
How to realize the sequence number for support of GTP-U duplication over N3/N9 is up to stage 3.

And makes the following proposals:
Proposal 1: continue the evaluation of solution 4 of multi-layer connectivity with option 3 using SN added per QoS Flow within the PDU Session Information Frame type of TS 38.415.

Proposal 2: agree the TS 38.415 CR in [3] as baseline for the solution.
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