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Introduction
In RAN #86 the new WID on enhancement of data collection for SON/MDT in NR was approved. In the following we will discuss the objectives of the WID and in particular focus on Dual Active Protocol Stack (DAPS) handover, bringing forward our proposals on topics to be studied, specifically in connection to failure cases and message forwarding.
Discussion
In the New WID on enhancement of data collection for SON/MDT in NR [1] that was approved in RAN#86 and revised at RAN#88e, the objectives of the work item were presented. Specifically, the following was captured:

Support of data collection for SON features, including CCO, inter-system inter-RAT energy saving, 2-step RACH optimization, mobility enhancement optimization, and leftovers of Rel-16 SON/MDT WI (PCI selection, energy efficiency (OAM requirements), Successful Handovers Reports, UE history information in EN-DC, load balancing enhancement, MRO for SN change failure, RACH Optimisation enhancements) [RAN3, RAN2] 
1. Specification of the UE reporting necessary to enhance the network configuration [RAN2]. 
1. Specification of the inter-node information exchange, including possible enhancements to S1/NG, X2/Xn, and F1/E1 interfaces [RAN3]

Data collection for mobility enhancement optimization is included among the objectives. Already in Rel-16 one of the WIs was about E-UTRAN and NR Mobility Enhancements putting forward the concept of DAPS handover. Thus, SON related optimization for DAPS handover can be henceforth studied. In this contribution, as mentioned above we will focus specifically on failure cases and message forwarding.

In RAN3#109-e the following agreements have been made:
· SON Enhancements for DAPS handover will be supported.
· Reporting of failure information of the source link from UE may be needed for DAPS handover (FFS: Need further discussion).
· From RAN3 point of view, in order to support SON enhancements for DAPS handover, more information is needed from UE. (FFS on the details).
· Study the contents of the RLF INDICATION or HANDOVER REPORT message for the failure scenarios in DAPS HO. In order to progress in this area it is necessary to converge on the DAPS failure case definition.

In RAN3#110-e the following agreements regarding DAPS handover were made: 
· UE reports DAPS HO Failure Indication to Network (LS to RAN2).
· Try to capture DAPS handover failure cases as part of current definitions of handover failure types first. If not feasible, define a set of specific DAPS handover failure types.

In the case of DAPS handover, the UE keeps receiving and transmitting data on DAPS DRBs from/to the source cell after the reception of the HO command and for the whole duration of the HO procedure. Once the HO procedure is completed, the UE stops transmitting the UL data to the source and UL data are just transmitted to the target cell. For the DL instead, the UE keeps receiving DL data from both the source and the target until the source cell connection is explicitly released by the target via RRCReconfiguration including daps-SourceRelease. 

Figure 1 shows the DAPS HO procedures before and after the HO completion.
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Figure 1: DAPS HO procedures before and after HO complete message.

Scenario 1: DAPS handover failure with fall back to the source cell
From the control plane perspective, with DAPS handover, the UE shall continue RLM with respect to the source cell until successful RA completion, if timer T304 expires before successful completion of the random access procedure or random access procedure is unsuccessful in the target cell then the UE falls back to the source cell and transmits FailureInformation message to the source cell. 
We note that from the existing legacy procedural text, no RLF report including HOF indication will be triggered. Rather, the UE will just transmit an RRC FailureInformation message (which is a very short report about an experienced failure by the UE (see TS38.331)) in the source cell, with FailureType set to dapsHO-failure. Hence, some useful information, such as the neighboring cells measurements, the location info, etc., that are included within the HOF report will not be included in this case. Therefore, the source gNB may not have enough information to select a proper target cell for DAPS HO.
According to the SON framework, this failure case is similar to legacy “too early handover”, the difference is that UE should fall back to the source cell (according to the procedural text). Thus, it can be considered as a new failure case “Too early DAPS handover execution with fallback to the source cell”.
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Scenario 2: DAPS handover failure without falling back to the source cell 
This scenario occurs when the UE experiences a DAPS handover failure in the target cell, and where the UE is mandated to fall back to the source. However, an RLF with the source while performing fallback may occur. In this case, the UE has to perform a legacy reestablishment procedure, upon which, it may re-establish to a third cell or again to the source cell. This case is different from a legacy RLF, and should be reported, as the fallback should not have been configured here.
1. [bookmark: _Toc58328627]RAN3 to consider the scenario of “DAPS handover failure without falling back to the source cell”, i.e. DAPS HOF occurs in the target, and RLF in the source while performing DAPS handover.
 Scenario 3: RLF in the target cell after successful DAPS handover 
Another possible failure scenario can occur after successful DAPS handover execution. Due to the successfully performed random access, the UE cannot fall back to the source cell and should perform re-establishment after RLF in a target cell. The UE performs re-establishment to a) the source cell b) a third cell. 
According to the SON framework, if the UE performs re-establishment to the source cell it can be considered as too early DAPS handover, if the UE performs re-establishment to the third cell it can be considered as DAPS handover to the wrong cell. 

1. [bookmark: _Toc58328628]RAN3 to consider the scenario of “Too early DAPS handover execution”, i.e. RLF occurs shortly after a successful DAPS handover from a source cell to a target cell; the UE attempts to re-establish the radio link connection in the source cell.
1. [bookmark: _Toc58328629]RAN3 to consider the scenario of “DAPS handover to the wrong cell”, i.e. RLF occurs shortly after a successful DAPS handover from a source cell to a target cell or a DAPS handover failure occurs during the handover procedure; the UE attempts to select a cell other than the source cell and the target cell;
Service interruption
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 reasons, 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 or indeed there should be means to evaluate how to optimize DAPS configurations. For example, configuration of DAPS HO, traffic forwarding optimization might benefit from knowing the UL/DL HO interruption time, amount of data correctly send/received on the UL/DL in the source and target cells. LS to RAN2 is needed for obtaining such UP-related measurements as they are not directly available now. 
1. [bookmark: _Toc58328630]RAN3 to create LS to RAN2 to consider UP aspects of DAPS handover
  Conclusion
Based on the discussion we propose the following:
Proposal 1	RAN3 to consider the scenario: “Too early DAPS handover execution with fallback to the source cell”, i.e. RLF occurs during the handover procedure; the UE falls back to the source cell and transmits FailureInformation message.
Proposal 2	RAN3 to consider the scenario of “DAPS handover failure without falling back to the source cell”, i.e. DAPS HOF occurs in the target, and RLF in the source while performing DAPS handover.
Proposal 3	RAN3 to consider the scenario of “Too early DAPS handover execution”, i.e. RLF occurs shortly after a successful DAPS handover from a source cell to a target cell; the UE attempts to re-establish the radio link connection in the source cell.
Proposal 4	RAN3 to consider the scenario of “DAPS handover to the wrong cell”, i.e. RLF occurs shortly after a successful DAPS handover from a source cell to a target cell or a DAPS handover failure occurs during the handover procedure; the UE attempts to select a cell other than the source cell and the target cell;
Proposal 5	RAN3 to create LS to RAN2 to consider UP aspects of DAPS handover
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15.5.x Support for Mobility Robustness Optimization for DAPS handover 
15.5.x.1 Connection Failure
One of the functions of Mobility Robustness Optimization is to detect connection failures that occur due to Too early DAPS handover execution with fallback to the source cell, DAPS handover failure without falling back to the source cell, RLF in the source cell before UE transmits failureInformation message, Too early DAPS handover execution, DAPS handover to the wrong cell. These problems are defined as follows.
[Too early DAPS handover execution with fallback to the source cell] 
An RLF occurs during the handover procedure; the UE falls back to the source cell and transmits FailureInformation message. 

[DAPS handover failure without falling back to the source cell]
DAPS HOF occurs in the target, and RLF in the source cell during fall back. The UE re-establish to the best available cell

[Too early DAPS handover execution]
An RLF occurs shortly after a successful DAPS handover from a source cell to a target cell; the UE attempts to re-establish the radio link connection in the source cell.

[DAPS handover to the wrong cell] 
An RLF occurs shortly after a successful DAPS handover from a source cell to a target cell or a DAPS handover failure occurs during the handover procedure; the UE attempts to select a cell other than the source cell and the target cell;
In the definition above, the "successful DAPS handover" refers to the UE state, namely the successful completion of the RA procedure.


image1.png
UE Source node Target node

Handover Command with
"daps-HO'["dapsConfig’ per|DRB

EARLY FORWARDING TRANSFHR
with “First DL COUNT”

Data forwarding of DL data

Random fccess procedure





image2.png
UE Source node Target node

Handover Complete|+ PDCP Status Report

HANDOVER SUCCESS

SN STATUS TRANSFER

RRCR¢configuration / RRCConnectiohReconfiguration with “daps-Sourcgrelease”

RRCRecpnfigurationComplete / RRCCofinectionReconfigurationComplete +|PDCP Status Report

UE Context Release





