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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, and RAN2 confirmed in RAN2#115-e to work on defining the such user plane measurements:
From RAN2#115-e
[bookmark: _Hlk85472303]1	UP measurements for Successful Handover Report will be introduced as RAN3 required. FFS the details.

This paper discusses further details around it.  
[bookmark: _Ref178064866]2	Discussion
Different user plane measurements could be introduced to give the possibility to the network to better analyze the handover performance from a user plane perspective. Some of them are listed below and how they could be beneficial is also indicated 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. 
However, in order to minimize the scope of Rel.17, it is probably sufficient for the time being to just focus on the UP interruption time from the PDCP perspective, since that will convey the actual interruption perceived by the upper layers in the UE which corresponds eventually to the interruption that the end-user perceives during the HO.
[bookmark: _Toc78470803][bookmark: _Toc92571792][bookmark: _Toc92746231]The user plane interruption time at handover, as evaluated at PDPC layer without considering duplicates, is included in the SHR.
One aspect discussed in the email discussion [2] is whether the UP interruption time should be included only for the DAPS HO or for all types of HO. 
In our view, the UP interruption time is useful to evaluate the performances of any HO. 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, i.e. if the UP interruption time of an ordinary HO is satisfactory, the operator does not need to configure DAPS bearers, otherwise it may do it. Additionally, once the DAPS is configured, 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. Just knowing the UP interruption time for DAPS will not bring that much help, because the operator will not have any benchmark with which to compare the DAPS HO performances.
[bookmark: _Toc92746228][bookmark: _Toc78470840]The advantage of providing the UP interruption also for ordinary HO (besides DAPS) is twofold for the operator: 
a. [bookmark: _Toc92746229]it can evaluate whether there is the need to enable DAPS HO in the place of the ordinary HO
b. [bookmark: _Toc92746230]it can compare the UP interruption of DAPS HO with the ordinary HO
Therefore, we propose the following:
[bookmark: _Toc92571793][bookmark: _Toc92746232]The user plane interruption time can be included in the SHR for all HO types.
We also propose to agree on the definition of this measurement to facilitate the specification work. The UP interruption time should take into account the time elapsed between the last PDCP PDU received from the source and the first non duplicate PDCP PDU received from the target. Since in the DAPS HO the reception of PDCP PDUs from the source may continue even after the reception of the first non-duplicate from the target, it is important to clarify that the UP interruption measurement should be performed at the reception of the first non-duplicate from the target.
[bookmark: _Ref92571654][bookmark: _Toc92571794][bookmark: _Toc92746233]The user plane interruption at handover is defined as the time elapsed between the last PDCP PDU received from the source cell and the first non-duplicate PDCP PDU received from the target cell, and it is measured at the time of reception of the first non-duplicate PDCP PDU from the target cell.
We also note that the definition of the UP interruption time proposed above in Proposal 3 is working for all type of HO. 
[bookmark: _Toc92571795][bookmark: _Toc92746234]RAN2 to send a reply LS to RAN3 indicating the considered user plane measurements (see the reply-LS in the Annex).

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The advantage of providing the UP interruption also for ordinary HO (besides DAPS) is twofold for the operator:
a.	it can evaluate whether there is the need to enable DAPS HO in the place of the ordinary HO
b.	it can compare the UP interruption of DAPS HO with the ordinary HO

Based on the discussion in the previous sections we propose the following:
Proposal 1	The user plane interruption time at handover, as evaluated at PDPC layer without considering duplicates, is included in the SHR.
Proposal 2	The user plane interruption time can be included in the SHR for all HO types.
Proposal 3	The user plane interruption at handover is defined as the time elapsed between the last PDCP PDU received from the source cell and the first non-duplicate PDCP PDU received from the target cell, and it is measured at the time of reception of the first non-duplicate PDCP PDU from the target cell.
Proposal 4	RAN2 to send a reply LS to RAN3 indicating the considered user plane measurements (see the reply-LS in the Annex).
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[bookmark: _Ref85526276]5	Annex - Reply-LS
[bookmark: _Hlk21442131]
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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 to be included in the successful handover report. Specifically, RAN2 will consider the following user plane measurement:

· User plane interruption at handover, as evaluated at PDPC layer without considering duplicates

The above user plane measurement is defined as as time elapsed between the last PDCP PDU received from the source cell and the first non-duplicate PDCP PDU received from the target cell, and it is measured at the time of reception of the first non-duplicate PDCP PDU from the target cell.

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#117-e                         21th February – 3rd March 2022	Online

