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1
Introduction

During RAN3#111-e meeting the discussion on Successful Handover Report (SHR) continued and some agreements were made 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 as well as FFS.

RAN3 considers a UE Identifier (e.g. AP ID) for SHR in F1AP beneficial if there is no RAN2/RRC UE identifier inside the SHR; RAN3 needs to wait RAN2 progress before final decision.

FFS whether to introduce UP information in the SHR for DAPS optimization, RAN3 should confirm the progress of MRO for DAPS before further study and the detailed content in the SHR should be collaborated with RAN2.

FFS whether to study the information of SHR which can optimize the selection of candidate target cells in CHO.

To be continued...
Also quite recently the RAN2#113-e meeting took place and the following agreements were made regarding SHR.

Agreements:

1
RAN2 to focus on the following scenarios for HO Success Report:

a.
Scenario 1 (ordinary HO): 1a, 1b

b.
Scenario 2 (CHO): 2a, 2b

c.
Scenario 3 (DAPS): 3a

2
RAN2 for further discuss whether the following scenarios should be considered under the RLF report or under the HO success report:

a.
Scenario 2c

b.
Scenario 3b
3
The following radio related measurements are as part of the successful HO report:

a.
Latest radio measurement results of the candidate target cells in the case of conditional HO. FFS best cell(s) should be included in.
b.
Flag to indicate RLF issues in source cell during DAPS HO

4
The following time-related measurements are as part of the successful HO report:

a.
Time elapsed between the CHO execution towards the target cell and the corresponding latest CHO configuration received for the selected target cell

5
Location information is included as part of the successful HO report.

Where the agreed scenarios are described as follows:

Scenario 1a concerns ordinary HO where both target and source are
NR cells. It describes the case that the UE successfully performs an intra-RAT HO.

Scenario 1b concerns ordinary HO where the source is an NR cell
and the target is an LTE cell. It describes the case that the
UE successfully performs an inter-RAT HO.

Scenario 2a concerns CHO where the UE executes CHO. It describes the case that the UE successfully performs a CHO towards a candidate target.

Scenario 2b concerns CHO where actually ordinary HO takes place for a CHO-configured UE. It describes the case that the UE is configured with CHO, but before executing it, it receives an ordinary HO command and successfully performs it

Scenario 3a concerns DAPS. It describes the case that the UE successfully performed a DAPS HO towards the target cell. No RLF is experienced in the source cell while performing DAPS.
Also the following proposals were made and are still discussed in RAN2:
Proposal 4
RAN2 to further discuss the need of the following parameters as part of the successful HO report:

a.
Latest radio link quality of neighbour cells before HO command was received for all HO types.

b.
Configured CHO execution condition(s), e.g. A3 and/or A5 event configuration, of the candidate target cells. The inclusion of this parameter depends on the RAN3 reply to the RAN2 LS R2-2102149.

c.
The radio quality of source cell when ConditionalReconfiguration is received before conditional handover execution condition is satisfied

d.
Latest radio link quality of source cell before HO command was received in the case of DAPS.

Proposal 6
RAN2 to further discuss the need of the following time-related measurements as part of the successful HO report:

a.
Elapsed time for T310 timer for normal HO

b.
Elapsed time for T310 timer for Conditional HO

Next we will discuss, based on the above outcomes of both RAN2 and RAN3 meetings, the cases of using SHR for DAPS and CHO optimization.
2.1
On the usage of SHR for DAPS optimization
DAPS HO or Dual Active Protocol Stack Handover has been standardized in rel-16 to improve mobility interruption time at UP level. This feature is quite costly in terms of resources, as the UE will be connected to both source and target nodes during HO. It is therefore important to use this feature wisely (i.e. when and where this is needed and when and where it brings an important gain). It is also important to optimize it as much as possible in order to get the best out of these extra resource consumptions. And SON would be the right candidate to do so.
Having a Successful Handover does not mean that everything went well. It means that the HO did not fail. That is why it was decided to introduce SHR. This is even more true for DAPS HO. DAPS HO was not designed to improve the HOF ratio, but to improve QoE at UE level, with a 0ms interruption time at UP level. Important to note here that in case of successful handover (neither HOF nor RLF happened in the target cell), RLF can still occur in the source cell, however, it might or might not cause a service interruption depending on the link condition in a target cell.  Taking into account that DAPS handover is aiming to bring benefits to the UP, e.g. in terms of reduced HO interruption time, it might be beneficial to know if the UP performance is as good as expected. In fact, the DAPS benefits may come at the expense of increased UE power consumption, increased radio resources consumptions, and higher number of duplicates transmitted by the network, etc.

For the above reason, we believe that irrespective of whether a DAPS handover is successful or not, there should be means for the network to figure out whether it is beneficial or not to configure a DAPS HO. For example, knowing the UL/DL HO interruption time that the UE experienced might be an important aspect.
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 between the last received packet from the source and the first packet received from the target), 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. And this information can only be retrieved from the UE User Plane function. 

Also we note that in the RAN2#113-e meeting the following agreements were made.

At least the following triggering conditions are applied for generating an HO Success Report in the case that the HO succeeds:

a.
The UE logs the HO success report if, while doing HO, T310 value exceeds a threshold

b.
The UE logs the HO success report if, while doing HO, T312 value exceeds a threshold

c.
The UE logs the HO success report if, while doing HO, T304 exceeds a threshold

d.
In case of DAPS, if the UE gets an RLF in the source while doing DAPS.
Based on the above we propose that source cell and target cell UP aspects should be considered for DAPS handover.
Proposal 1 RAN3 to create LS to RAN2 to consider UP aspects of DAPS handover

2.2
On the usage of SHR for CHO optimization
CHO or Conditional Handover has been standardized in rel-16 to improve mobility robustness. This feature is also quite costly in terms of resources, as multiple target nodes will be reserving resources for a long time, and for a UE which will eventually perform a HO in a different candidate target node. Therefore, it is also important to use this feature wisely (i.e. when and where this is needed and when and where it brings an important gain). It is also important to optimize it as much as possible in order to get the best out of these extra resource consumptions. And SON would be the right candidate to do so.
Here the main optimization would be to configure only the target nodes/cells which are relevant to the UE situation (i.e. not too many to avoid wasting resources, not too few to improve robustness as expected). And even if CHO was successful, it might happen that too many target candidates (i.e. target with a very low probability to see the UE in its coverage) were configured. Therefore, there is a real benefit of using SHR to help the source to:
· identify good candidates which were not configured
· filter out target which were not needed
But this can only be done if the UE keeps track of the measurements of all or of a subset of target candidate cells when the condition is fulfilled, and the UE executes the HO in one of the target candidate cells. These measurements can then only be reported to the target node, which can use the SHR to report it to the source node. RAN2 agreed that the latest radio measurement results of the candidate target cells in the case of conditional HO are to be included in the SHR. But in order to get a complete solution UE User Plane information will need to be acquired, as well as the best cell(s) measurements (to identify better candidates which were not configured).
Proposal 2: We propose to include UP information and best cell(s) measurements for CHO in the SHR as a means to optimize CHO usage. 
Below we further elaborate and detail our reasoning.
In our understanding, mobility failure while CHO is configured may be seen as a costly exercise for the network as significant amount of network resources need to be reserved until a successful execution of CHO. Such resources may include RACH resources as well as enough memory for early data forwarding.
Observation 1 The CHO mechanism leverages significant amount of network resources to provide robust mobility. Hence any CHO failure is costly for the network. 

In Observation 1, we highlighted the fact that the CHO mechanism leverages significant amount of network resources to provide robust mobility. It is imperative thus to actively focus on resource optimization.  As a first step we will strive to identify possible areas of optimization.

One area concerns the optimization of the number of prepared cells. Examples of possible resources reserved in candidate cells are e.g. C-RNTI and preambles. Other resources are DRB resources for critical services. Also, several candidate configurations in the same message increases the length and thus vulnerability of the RRCReconfiguration message.

At first the source would not have the necessary knowledge to choose the best cells to prepare. As a result, the source will prepare many different cells. The reservation of resources in the target would lead to an overload of the network, which is clearly undesirable. Therefore, we need to investigate methods to optimize the number of prepared cells. 

Based on the above we propose that RAN3 will study the optimization of the number of prepared cells.

Proposal 3        RAN3 to study the optimization of the number of prepared cells. 

Another 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.  Besides, late data forwarding facilitates PDCP SN continuity.  Considering the above we propose that RAN3 studies methods to optimize early and late data forwarding.

Proposal 4        RAN3 to study methods to optimize early and late data forwarding. 

Possible optimizations for early data forwarding can be:

· If several candidate cells are in the same node, then one possible optimization is to bundle traffic for one UE to these cells, namely, to use one data forwarding connection for the whole set of target cells

· Only forward traffic for critical services like voice

· Don’t set up forwarding traffic immediately, wait for other triggers, which could be e.g. another measurement report from the UE
3
Conclusion
In this contribution the Successful Handover Report for CHO and DAPS has been discussed, and the following proposals have been made:
Proposal 1           RAN3 to create LS to RAN2 to consider UP aspects of DAPS handover

Proposal 2: We propose to include UP information for CHO and best cell(s) measurements in the SHR as a means to optimize CHO usage. 
Proposal 3        RAN3 to study the optimization of the number of prepared cells. 

Proposal 4        RAN3 to study methods to optimize early and late data forwarding. 

