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Introduction
For Dual Active Protocol Stacks (DAPS) handover and data forwarding, RAN3 made some considerable progress at their last meeting. Several agreements and working assumptions were reached for DL and UL data forwarding as well as when to send PDCP SN receiver and transmitter status from source to target node.
In this contribution we discuss the RAN2 impact from the agreements in RAN3. In particular the DL data forwarding mechanism and when to start DL transmission in the target cell is addressed.
Early start of data forwarding
As already known from the RAN3 LS received at the previous RAN2 meeting [1], RAN3 agreed to support early start of data forwarding when DAPS HO (former enhanced Make-Before-Break) is configured.
With early start of data forwarding, DL data is forwarded while the connection to the UE is still active in the source node, i.e. at the time when the source node is still transmitting (and receiving) data to (from) the UE.
Early start of data forwarding at DAPS HO has similarities to data forwarding at a legacy handover as both are initiated before the UE executes the handover. As for a legacy handover, the exact point in time when data forwarding is initiated in the source node is up to implementation, hence no need to specify.
[bookmark: _Toc23856288][bookmark: _Toc23859455][bookmark: _Toc23862063][bookmark: _Toc23865008][bookmark: _Toc23960816][bookmark: _Toc24017377][bookmark: _Toc24017469][bookmark: _Toc24018319][bookmark: _Toc24025721]Early start of data forwarding is supported at DAPS HO.
Initial transmission of SN and HFN
To be able to start encryption in the target node of the early forwarded PDCP SDUs, SN and HFN for each forwarded SDU need to be known by the target node.
To solve this RAN3 agreed that SN and HFN of the first PDCP SDU forwarded to the target node is sent by means of the existing SN STATUS TRANSFER message. This will likely require a small change to the content of the X2AP/XnAP message since only the SN and HFN of the next DL SDU to be assigned by the target node can be signaled today.
[bookmark: _Toc23856289][bookmark: _Toc23859456][bookmark: _Toc23862064][bookmark: _Toc23865009][bookmark: _Toc23960817][bookmark: _Toc24017378][bookmark: _Toc24017470][bookmark: _Toc24018320][bookmark: _Toc24025722]SN and HFN of the first forwarded PDCP SDU is sent by means of SN STATUS TRANSFER message.
Selective or non-selective data forwarding
RAN3 also agreed that DL PDCP SDUs are forwarded to the target node with SN assigned by the source node until the SN assignment is handed over to the target node in the second SN STATUS TRANSFER message (as a result of receiving the HANDOVER SUCCESS message), see section 2.3.
The source node is then left with the following two forwarding method alternatives:
1. Selective data forwarding, i.e. only DL PDCP SDUs that are not acknowledged by the UE are forwarded, or
2. Non-selective data forwarding, the source node forwards all DL PDCP SDUs with their SN regardless if the SDU has been acknowledged by the UE or not.
Both alternatives require the PDCP SN to be included in the GTP-U extension header of each forwarded SDU. This has the advantage of SDUs can be received out-of-order in the target node.
The first alternative will result in less SDUs forwarded and buffered in the target node. On the other hand, waiting for a UE acknowledgement before knowing whether a packet is to be forwarded or not, delays the forwarding of the unacknowledged packet. This will in turn impact the start of DL transmission in the target cell.
In the second alternative all SDUs that are transmitted to the UE in the source cell are also forwarded to the target node, i.e. the source node does not apply any form of selective data forwarding. This guarantees a minimum delay in the source node of each forwarded SDU. On the other hand, more SDUs will be buffered in the target node.
As there are pros and cons with both alternatives, it should be left for implementation which alternative is chosen for a given handover scenario.
[bookmark: _Toc23856294][bookmark: _Toc23856903][bookmark: _Toc23857836][bookmark: _Toc23859461][bookmark: _Toc23862069][bookmark: _Toc23865014][bookmark: _Toc23960822][bookmark: _Toc23960898][bookmark: _Toc24017370][bookmark: _Toc24017475][bookmark: _Toc24018325][bookmark: _Toc24025727]The method how to forward DL PDCP SDUs to the target node (e.g. selective or non-selective data forwarding) is left for network implementation.
Handover Success and final transmission of SN and HFN
RAN3 further assumes the target node to send the HANDOVER SUCCESS message to the source node when the UE has completed the handover in the target cell. The new X2AP/XnAP message was previously agreed in RAN3 for the Rel-16 Conditional Handover concept.
As discussed (and proposed) in our companion paper [2], the reception of the HANDOVER SUCCESS message in the source node is ideally used as a trigger to stop the transmission (and reception) to (from) the UE.
[bookmark: _Toc23856290][bookmark: _Toc23859457][bookmark: _Toc23862065][bookmark: _Toc23865010][bookmark: _Toc23960818][bookmark: _Toc24017379][bookmark: _Toc24017471][bookmark: _Toc24018321][bookmark: _Toc24025723]RAN3 assumes the target node sends a HANDOVER SUCCESS message to the source node when the UE has completed the handover.
[bookmark: _Hlk24027712][bookmark: _GoBack]RAN3 also adopted a working assumption that the reception of the HANDOVER SUCCESS message in the source node triggers a second SN STATUS TRANSFER message. The SN STATUS TRANSFER message is assumed to include the “final” (frozen) DL transmitter status, as well as the frozen UL receiver status, i.e. similar to the information provided in the SN STATUS TRANSFER message at a legacy handover.
The fact that RAN3 assumes the second SN STATUS TRANSFER message conveys the frozen DL transmitter status, also suggests that the DL transmission is stopped in the source node at reception of the HANDOVER SUCCESS message.
[bookmark: _Toc23856291][bookmark: _Toc23859458][bookmark: _Toc23862066][bookmark: _Toc23865011][bookmark: _Toc23960819][bookmark: _Toc24017380][bookmark: _Toc24017472][bookmark: _Toc24018322][bookmark: _Toc24025724]At reception of the HANDOVER SUCCESS message, the source node sends another SN STATUS TRANSFER message with the frozen DL transmitter status. This implies that DL transmission is stopped in the source node at reception of the HANDOVER SUCCESS message.
From the point the source node has sent the second SN STATUS TRANSFER message, the DL (and UL) data forwarding follows the legacy data forwarding behavior (e.g. SN assignment is then handed over to the target node).
DL data transmission starting point in target cell
One remaining issue to clarify with the data forwarding concept agreed in RAN3, is how to minimize the time before the target node starts the DL data transmission to the UE.
Of course, the target node can start sending DL data immediately to the UE when the handover is completed, i.e. without having access to the frozen transmitter status in the source node. If that is the case and if the source node has applied a non-selective data forwarding approach, then duplicate SDUs will for sure be transmitted on the radio interface to the UE which then has to discard the duplicated packets. This may have a negative impact on the user experience from an application/user service perspective, depending on the number of duplicated packets sent to the UE.
On the other hand, if the transmission starting point in the target node solely relies on the approach of receiving a second SN STATUS TRANSFER message from the source node with the frozen DL transmitter status, then a short interruption corresponding to the X2/Xn delay is inevitable. That is, the interruption will be equivalent to the time it takes from receiving the HANDOVER SUCCESS message until the second SN STATUS TRANSFER message is received in the target node.
[bookmark: _Toc23856292][bookmark: _Toc23859459][bookmark: _Toc23862067][bookmark: _Toc23865012][bookmark: _Toc23960820][bookmark: _Toc24017381][bookmark: _Toc24017473][bookmark: _Toc24018323][bookmark: _Toc24025725]If the DL transmission starting point in the target node relies on the approach of receiving the second SN STATUS TRANSFER message containing the frozen DL transmitter status, a short interruption corresponding to the X2/Xn delay is inevitable.
A better solution is to let the UE report the PDCP receiver status on a per bearer basis as soon as it has performed the RA procedure in the target cell. This is preferably done by means of the PDCP Status Report as defined in TS 38.323.
The PDCP Status Report will provide the target node with accurate information so that DL transmission can commence immediately from the very first packet indicated by the UE in the status report, without having to wait for the second SN STATUS TRANSFER message from the source node. 
The target node performs a PDCP duplication check based on the content of the PDCP Status Report. Thus, PDCP SDUs that were already received by the UE in the source cell will not be transmitted on the radio interface again.
[bookmark: _Toc23856293][bookmark: _Toc23859460][bookmark: _Toc23862068][bookmark: _Toc23865013][bookmark: _Toc23960821][bookmark: _Toc24017382][bookmark: _Toc24017474][bookmark: _Toc24018324][bookmark: _Toc24025726]If the UE sends a PDCP Status Report first thing in the target cell, DL transmission can start after duplication check in the target node, but before receiving the second SN STATUS TRANSFER message from the source node.
During the handover preparation phase, the target node is informed that the handover request is a DAPS HO request, thus the target node can reserve the UL grants needed for the UE to send the PDCP Status Report(s) for the DRB(s) for which PDCP status preservation applies.
[bookmark: _Toc23856295][bookmark: _Toc23856904][bookmark: _Toc23857837][bookmark: _Toc23859462][bookmark: _Toc23862070][bookmark: _Toc23865015][bookmark: _Toc23960823][bookmark: _Toc23960899][bookmark: _Toc24017371][bookmark: _Toc24017476][bookmark: _Toc24018326][bookmark: _Toc24025728]UEs to support sending of PDCP Status Report(s) when DAPS HO is configured. 
If the PDCP Status Report is not sent by the UE (or the PDCP Status Report is for some reason not received in the target node), then the second SN STATUS TRANSFER message with the frozen DL transmitter status can serve as a fallback solution if transmission of duplicated PDCP SDUs is to be avoided.
The same goes if the PDCP Status Report is not requested in the RRCReconfiguration (Handover Command) message.
[bookmark: _Toc23856905][bookmark: _Toc23857838][bookmark: _Toc23859463][bookmark: _Toc23862071][bookmark: _Toc23865016][bookmark: _Toc23960824][bookmark: _Toc23960900][bookmark: _Toc24017372][bookmark: _Toc24017477][bookmark: _Toc24018327][bookmark: _Toc24025729]The information provided in the second SN STATUS TRANSFER message can serve as a fallback solution if transmission of duplicated PDCP SDUs is to be avoided and the UE does not send a PDCP Status Report in the target cell.
The trigger points when to send the PDCP Status Report is defined in TS 38.323, section 5.4.1 Transmit operation, accordingly:
[image: ]
For the UE to send a PDCP Status Report also at a DAPS HO PDCP re-establishment (a potential new procedure and the name of the procedure is still FFS), then the TS 38.323 text above is likely to be changed. 
[bookmark: _Hlk24026050]A text proposal to illustrate the impact of adding support for transmitting a PDCP Status Report at a DAPS handover is provided in [3].
The request to send a PDCP Status Report is today indicated by the StatusReportRequired field in the PDCP-Config IE included in the RRCReconfiguration message (Handover Command).
[bookmark: _Hlk23344305]It seems the same StatusReportRequired field can be used also for the purpose of DAPS HO, unless the PDCP Status Report is to be supported also for RLC-UM [3].
In that case a new optional Rel-16 field valid for both RLC-AM and RLC-UM DRBs is likely needed.
[bookmark: _Toc23857839][bookmark: _Toc23859464][bookmark: _Toc23862072][bookmark: _Toc23865017][bookmark: _Toc23960825][bookmark: _Toc23960901][bookmark: _Toc24017373][bookmark: _Toc24017478][bookmark: _Toc24018328][bookmark: _Toc24025730]Introduce support for triggering a PDCP Status Report at a “DAPS HO PDCP re-establishment” in TS 38.323.
Conclusion
In this paper we made the following observations:
Observation 1	Early start of data forwarding is supported at DAPS HO.
Observation 2	SN and HFN of the first forwarded PDCP SDU is sent by means of SN STATUS TRANSFER message.
Observation 3	RAN3 assumes the target node sends a HANDOVER SUCCESS message to the source node when the UE has completed the handover.
Observation 4	At reception of the HANDOVER SUCCESS message, the source node sends another SN STATUS TRANSFER message with the frozen DL transmitter status. This implies that DL transmission is stopped in the source node at reception of the HANDOVER SUCCESS message.
Observation 5	If the DL transmission starting point in the target node relies on the approach of receiving the second SN STATUS TRANSFER message containing the frozen DL transmitter status, a short interruption corresponding to the X2/Xn delay is inevitable.
Observation 6	If the UE sends a PDCP Status Report first thing in the target cell, DL transmission can start after duplication check in the target node, but before receiving the second SN STATUS TRANSFER message from the source node.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The method how to forward DL PDCP SDUs to the target node (e.g. selective or non-selective data forwarding) is left for network implementation.
Proposal 2	UEs to support sending of PDCP Status Report(s) when DAPS HO is configured.
Proposal 3	The information provided in the second SN STATUS TRANSFER message can serve as a fallback solution if transmission of duplicated PDCP SDUs is to be avoided and the UE does not send a PDCP Status Report in the target cell.
Proposal 4	Introduce support for triggering a PDCP Status Report at a “DAPS HO PDCP re-establishment” in TS 38.323.
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For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS
38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:

- upper layer requests a PDCP entity re-establishment;

- upper layer requests a PDCP data recovery.





