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1
Introduction

During RAN3#112-e meeting the discussion on Successful Handover Report (SHR) continued and some agreements were made regarding the use of UP information as well as some issues were left for further study. In this contribution we will further elaborate on the open issues and provide our proposals.
2
Discussion
In the previous meeting the following was minuted regarding agreements.

The use of UP information to optimize DAPS HO in the source and target node is of benefit but it is up to RAN2 to make the final analysis and decision.

The following LS was sent to RAN2 on the same topic:

RAN3 has discussed different use cases for the optimization of DAPS HO and CHO using information contained in the Successful Handover Report.

RAN3 has concluded that the introduction of User Plane measurements in the Successful Handover Report, such as e.g. user plane interruption time at HO, will help the network evaluate the performance of successful DAPS HO. 

Therefore, RAN3 respectfully asks RAN2 to further study the introduction of User Plane measurements (e.g. user plane interruption time at HO) in the SHR. 

In this contribution we will look into the information that are beneficial to be included in the Successful Handover Report.
As we know DAPS HO or Dual Active Protocol Stack Handover has been standardized in rel-16 to improve mobility interruption time at UP level. Indeed, DAPS HO was designed to improve QoE at UE level, with a 0ms interruption time at UP level. This 0ms target cannot always be reached, even with a successful DAPS HO. The reason for this “DAPS failure” can be radio link quality, too many retransmissions, data forwarding latency, wrong QoS mapping at the target, etc… These reasons can be then analysed and the node responsible for this failure can optimize its parameters to improve its DAPS function. For example, the involved nodes might benefit from knowing the exact interruption time (i.e. time elapsed between last received DL PDCP PDU in source cell, with PDCP SN=n, and DL PDCP PDU with PDCP SN=n+1 received in the target cell), or the number of lost packets, or the number of duplications due to packet forwarding between source and target. But first the node responsible for the failure needs to know that the 0ms target was not reached, and that the expected QoE was not fulfilled. 

Observation 1

HO interruption time is beneficial to determine that the DAPS HO QoE was fulfilled 

Also if we consider CHO, an area of interest has to do with optimization of early and late data forwarding. Early data forwarding is beneficial in reducing data interruption. On the other hand, early data forwarding will increase overhead on backhaul and memory usage in candidate cells. Since early data forwarding is costly, we need to study methods to optimize its usage. Again for that case also, the UL/DL HO interruption time can be of great benefit in order to provide guidance for the selection and appropriate adjustment of the parameters.
Observation 2

HO interruption time is beneficial for CHO to assist in the optimization of early data forwarding 

The HO interruption time can only be reliably provided by the UE. The UE only knows with accuracy when the last PDCP SN was received from the source and also when the next PDCP SN received in-order from the target arrived. The network can’t provide the HO interruption time as easily and accurately since two different nodes are involved. To that end, and from the start of the DAPS HO execution, all the PDCP SNs from the source and the target nodes would need to be timestamped and kept in memory, because the source node does not know that the PDCP SN will be the last one when it is transmitted. And the target node does not know the last PDCP SN sent by the source. Even in that case the latency in the Uu interface namely the time it will take for the PDCP PDU to reach the UE from the node, is not taken into consideration. For that the only safe choice is that the HO interruption time is provided by the UE.
Observation 3

HO interruption time cannot be accurately retrieved from the network 

As a result, we believe that a crucial information that should be included in the SHR is the UL/DL HO interruption time that the UE experienced.

Proposal 1 We propose that the UL/DL HO interruption time that the UE experienced should be included in the SHR
If we examine CHO again, in the case of early data forwarding the source node will send PDCP PDUs to both the UE and the target node at the same time. As a result a number of packets will be received by the UE. Nevertheless this can not be known by the target node right after HO completion and therefore the target node will send all the packets to the UE. Taking into account that the time between the start of early data forwarding and the HO execution may be long we understand that this can lead to a large number of duplicates.
Next if we consider again the purpose of DAPS HO as explained above, the packet forwarding between the source and the target node will unequivocaly lead to duplications. The duplicates will be another source for data interruption. And we can imagine that an excessive number of duplicates will lead to a significant deterioration of the data interruption and consequently to the QoE. 
A way to handle this problem for both CHO and DAPS HO would be that the source node sends the EARLY STATUS TRANSFER message to inform discarding of already forwarded PDCP SDUs. In order to be really beneficial, this message should be sent based on the number of duplicates received by the UE, since this is the problem that needs to be solved. Accordingly, if the number of duplicates is high, then the source node will send the EARLY STATUS TRANSFER message more often. If on the other hand the number of duplicates is low then the source node will send the EARLY STATUS TRANSFER message more sparsely. For this to work it is necessary that the number of duplications is included in the SHR and in that way it can be transferred from the UE to the network.
Based on the above we believe that the number of duplications should be included in the SHR

Proposal 2 We propose that the number of duplications should be included in the SHR
These two pieces of information will greatly aid the DAPS HO and CHO.
3
Conclusion
In this contribution UP information in Successful Handover Report for CHO and DAPS has been discussed, and the following observations and proposals have been made:
Observation 1

HO interruption time is beneficial to determine that the DAPS HO QoE was fulfilled 

Observation 2

HO interruption time is beneficial for CHO to assist in the optimization of early data forwarding 

Observation 3

HO interruption time cannot be accurately retrieved from the network 

Proposal 1
We propose that the UL/DL HO interruption time that the UE experienced should be included in the SHR
Proposal 2
We propose that the number of duplications should be included in the SHR
