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1	Introduction
RAN3 has sent an LS [1] to RAN2 regarding the user plane measurements at the handover.
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. 

Based on the above, RAN3 has identified the usefulness of the user plane related measurements for handover configuration optimization purposes. Based on this, in this contribution, we discuss the possible user plane measurements at handover and also propose a draft LS reply to RAN3 on this topic.  
[bookmark: _Ref178064866]2	Discussion
2.1	UP measurements at handover
Firstly, we would like to highlight that RAN3 has already agreed that the user plane measurements are helpful for the network to evaluate the DAPS handover performance.
[bookmark: _Toc78470835][bookmark: _Toc79090359]RAN3 has already agreed that the user plane measurements are useful in evaluating handover performance.
The reasoning provided in the RAN3 LS is that it is useful in evaluating the DAPS handover performance. The DAPS handover is designed to eliminate the user plane latency on the downlink to 0 ms. However, it is not guaranteed that the UE is experiencing the handover to be of ’0 ms’ UP latency. That is because depending on when the DAPS HO is executed, the PDSCH quality might be degrading fast while the UE performs the RA towards the target cell of the DAPS handover. Additionally, the performance evaluation at network side might be difficult since the UE might not be always able to transmit feedback in the UL while executing the HO, and after HO completion. Another possible implication of DAPS is that even if the HO interruption might be perceived low at lower layers thanks to the dual-protocol stack, it might be that the HO interruption perceived at higher layers is instead high due to the possible high number of duplicates. 
[bookmark: _Toc78470836][bookmark: _Toc79090360]DAPS performances might be affected by:
a. [bookmark: _Toc78470837][bookmark: _Toc79090361]PDSCH quality of the source cell degrading fast while performing DAPS HO
b. [bookmark: _Toc78470838][bookmark: _Toc79090362]Possible lack of UL feedbacks to the source cell while doing DAPS
c. [bookmark: _Toc78470839][bookmark: _Toc79090363]Number of duplicates detected at PDCP layer
Besides DAPS, we believe that user plane measurements seem also useful to evaluate the performances of ordinary HOs. While DAPS is expected to provide close-to-0ms HO interruption, the ordinary HO is expected to cause larger interruptions, due to the fact that DL traffic from the source cell cannot be received by the UE after processing the HO command. Hence, knowing the the UP latency measurements of an ordinary HO can be instrumental for an operator to enable DAPS. The operator can also evaluate whether DAPS brings enough benefits compared to an ordinary HO, because that may vary depending on the HO scenarios and deployments.
[bookmark: _Toc78470840][bookmark: _Toc79090364]HO-related user plane measurements can be beneficial when applied to the following scenarios:
d. [bookmark: _Toc78470841][bookmark: _Toc79090365]To an ordinary HO in order to evaluate e.g. whether the configuration of DAPS is needed
e. [bookmark: _Toc78470842][bookmark: _Toc79090366]To a DAPS HO in order to evaluate the efficiency of DAPS and whether it brings enough benefits compared to an ordinary HO
Based on this, RAN2 can acknowledge RAN3 that RAN2 will introduce the user plane based measurements in the successful handover report associated to a DAPS handover and ordinary HO. RAN2 can further work on what exact UP measurements can be standardized as discussed in the next section.
[bookmark: _Toc79090367]RAN2 acknowledges RAN3 that RAN2 will specify UP related measurements in successful handover report for both DAPS and ordinary HO, and RAN2 will continue to work on exact UP measurements to be standardized.
[bookmark: _Toc78470802][bookmark: _Toc79090368]RAN2 is kindly requested to approve the LS reply provided in section 5.

2.2	User Plane measurements that can be discussed in RAN2
Different user plane measurements could be introduced to enhance the DAPS handover performance analysis. Some of them are listed below and how they could be beneficial is also provided below.
1) User plane interruption at handover, as evaluated at MAC layer.
Possible definition: Time between the reception of the first packet from the target cell and the time of reception of last packet from the source cell, measured at the time of reception of the first packet from the target cell. The minimum value is ’0ms’ i.e., no negative values. 
Usefulness: This measurement indicates the actual performance of the handover in terms of whether the UE experienced any DL UP delay or not as measured at lower layers. For an ordinary HO, this represents in practice the time between the last packet received from source cell before executing the HO and the first packet received from the target after HO completion. For DAPS HO, this represents in practice the time elapsed between the last packet received from source cell before the reception of the first packet from the target cell, and such first packet received from the target cell.
2) Number of duplicated packets sent from the source and the target cell while performing the HO.
Possible definition: The number of packets that were sent both from the source cell and the target cell while performing the handover. In case of DAPS, these are the number of packets received between the time of receiving the DAPS handover command from the source cell to the time of source DAPS release message from the target cell.
Usefulness: The source may not know if the same PDCP PDU has been received successfully by the UE from both source and target. For example, if the amount of successfully received duplicates from source and target is very high, the source may decide to trigger a DAPS HO a bit later or reduce duplicates’ generation, in order to reduce radio resource consumption and UE burden..
3) User plane interruption at handover, as evaluated at PDCP layer without considering duplicates
Possible definition: Time from the last packet received from the source and the first non-duplicate packet received from the target, measured at the time of reception of the first non-duplicate packet from the target cell.
Usefulness: Unlike 1), this measurement represents the time without new packets being forwarded to upper layers. Hence, it indicates the actual interruption perceived by upper layers in the UE. 
All the above measurements serve different purposes and can be beneficial for network optimization. Based on the above, we propose RAN2 to agree the above mentioned user plane measurements and to include them in the successful handover report. 
[bookmark: _Toc78470803][bookmark: _Toc79090369]RAN2 to agree on including the following user plane measurements in the successful handover report.
a. [bookmark: _Toc78470804][bookmark: _Toc79090370]User plane interruption at handover, as evaluated at MAC layer
b. [bookmark: _Toc78470805][bookmark: _Toc79090371]Number of duplicated packets from source and the target cell in DAPS handover
c. [bookmark: _Toc78470806][bookmark: _Toc79090372]User plane interruption at handover, as evaluated at PDPC layer without considering duplicates

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	RAN3 has already agreed that the user plane measurements are useful in evaluating handover performance.
Observation 2	DAPS performances might be affected by:
a.	PDSCH quality of the source cell degrading fast while performing DAPS HO
b.	Possible lack of UL feedbacks to the source cell while doing DAPS
c.	Number of duplicates detected at PDCP layer
Observation 3	HO-related user plane measurements can be beneficial when applied to the following scenarios:
a.	To an ordinary HO in order to evaluate e.g. whether the configuration of DAPS is needed
b.	To a DAPS HO in order to evaluate the efficiency of DAPS and whether it brings enough benefits compared to an ordinary HO

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 acknowledges RAN3 that RAN2 will specify UP related measurements in successful handover report for both DAPS and ordinary HO, and RAN2 will continue to work on exact UP measurements to be standardized.
Proposal 2	RAN2 is kindly requested to approve the LS reply provided in section 5.
Proposal 3	RAN2 to agree on including the following user plane measurements in the successful handover report.
a.	User plane interruption at handover, as evaluated at MAC layer
b.	Number of duplicated packets from source and the target cell in DAPS handover
c.	User plane interruption at handover, as evaluated at PDPC layer without considering duplicates
 
4	References
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1. Overall description:

RAN2 thanks RAN3 for the the LS in R3-212935.

RAN2 confirms that it will standardize the user plane related measurements associated to ordinary HO and DAPS handover in the successful handover report. RAN2 will further work on the exact definitions of the user plane measurements to be included in the successful handover report.


2. Actions:
To 3GPP RAN3
ACTION: 
· RAN2 respectfully asks RAN3 to take the above information into consideration.

3. Date of next TSG RA WG2 meetings:
RAN2#116-e                         1st November - 12th November 2021	Online
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