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1   Introduction
At last RAN3#103bis discussion started on how to implement redundant transmission over N3 feature (former solution 4 of higher layer multi connectivity in TR 23.275) agreed by SA2 and now specified in section 5.33.2.2 of [2].
The mechanism agreed by SA2 enables redundant user plane path over N3 interface using two GTP tunnels for one PDU session. However, one pending question at last RAN3#103bis was whether same mechanism should be applied for the data forwarding at Xn handover. Then no time was allocated to this feature at RAN3#104.
This paper investigates this question and derives appropriate stage 2, stage 3.
2   Description

Let us assume that a QoS flow is subject to redundant transmission over N3. We assume that this requirement is propagated over Xn at handover time through the QoS Profile towards the target NG-RAN node. The target NG-RAN will allocate the redundant user plane transmission with the UPF as well over the target N3. This propagation is well covered by tdoc [5] and can be easily covered in RAN3 by appropriate NGAP signaling, adding duplicate GTP tunnels within (SMF containers of) the Path Switch Request message. This basically means that the ultra-reliability requirement will be ensured again over the target N3 segment after the handover like it was before the handover over the source N3 segment.
The question boils down to which requirement should then apply during the handover? 

Two elements to answer this question:

· Key issue 1 in section 4.1 of TR 23.275 explains the requirement of redundant user plane transmission by “segments of network deployment which cannot meet the necessary reliability”. If such unreliable segment exists in the factory environment at the N3 ingress of the NG-RAN node, it presumably also exists between the two NG-RAN nodes;

· It makes no sense to ultra-reliably protect before and after the handover if on the other hand packets can be lost for the QoS flow between the two NG-RAN nodes during the data forwarding.    

We therefore infer from above considerations the following proposal 1:

Proposal 1: when a QoS flow is subject to redundant transmission over N3, means shall be provided to also apply the redundant transmission during data forwarding.
About which “means” to provide we make the following observations:
If the reliability of a QoS flow is such to deploy the redundant transmission feature over N3, the minimum requirement for the handover is to use the lossless handover mechanism. And whenever lossless handover is required, PDU session forwarding tunnels are not used, instead data forwarding over DRB tunnels shall be used.

We therefore conclude that it is not necessary to make the PDU session forwarding tunnel redundant by the XnAP protocol, only the DRB tunnels shall be enabled to have redundant GTP tunnels of solution 4.

Proposal 2: enable redundant transmission of solution 4 GTP tunnels during data forwarding only for DRB forwarding tunnels over Xn and not for PDU session forwarding tunnels. 

The last question concerns the granularity of the redundancy. Imagine QoS flows 1, 2 and 3 are mapped to DRB1 but only QoS flows 1 and 2 are subject to redundant user plane transmission. Over the DRB tunnels the PDCP SDUs encompass all the three QoS flows without means to distinguish.

Inventing a marking mechanism (e.g. adding QFI) on top of forwarded packets would introduce unnecessary complexity in our opinion. It is much simpler if all packets forwarded over the DRB tunnel inherit from the redundant transmission, even if they below to QoS flows which don’t really require it.
This means that we propose in this paper to keep the granularity of the redundant transmission at DRB tunnel level and not at QoS flow level. 
Said differently we propose that a forwarding DRB tunnel is enabled to have redundant GTP tunnels as soon as one of the QoS flows which it involves is subject to redundant transmission feature.

Proposal 3: introduce the redundant GTP tunnels for a forwarding DRB tunnel at DRB level granularity i.e. by duplicating all forwarded packets over the two GTP tunnels regardless of their QoS flow as soon as one of the QoS flows mapped over this DRB tunnel is eligible to the redundant transmission feature.  

3   Conclusion

In this paper we have analysed the requirement associated for the redundant user plane transmission during Xn handover and made the following conclusions:
Proposal 1: when a QoS flow is subject to redundant transmission over N3, means shall be provided to also apply the redundant transmission during data forwarding.

Proposal 2: enable redundant transmission of solution 4 GTP tunnels during data forwarding only for DRB forwarding tunnels over Xn and not for PDU session forwarding tunnels. 

Proposal 3: introduce the redundant GTP tunnels for a forwarding DRB tunnel at DRB level granularity i.e. by duplicating all forwarded packets over the two GTP tunnels regardless of their QoS flow as soon as one of the QoS flows mapped over this DRB tunnel is eligible to the redundant transmission feature.  

Proposal 4: agree the corresponding CR in [6] as baseline for TS 38.423.
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