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Introduction
At the RAN2#106 meeting an agreement was reached to switch the UL PUSCH transmission to the target cell at a certain point in time during the handover execution procedure.
In practice this means that the UL data transmission is switched from the source node to the target node while the source connection is kept for continued DL data transmission to the UE (see further discussions in [1]). 
[bookmark: _Hlk13139864]When and how the connection between the UE and the source node is released is discussed in this contribution.
Discussion
The discussions related to the release of the source connection can be summarized by the following two alternatives:
· Source connection is explicitly released from the network, either from the source node or from the target node.
· Source connection is implicitly released by the UE based on an event and/or a timer.
Apart from the release trigger itself, also the release coordination between the network nodes and the UE is an important issue to consider.
Explicit release of source connection
An explicit release of the source connection can be triggered either from the target node or from the source node. The most obvious solution is to make use of the RRCReconfiguration message sent from the target gNB e.g. once it starts scheduling DL data to the UE. The exact point in time when the target gNB sends the release message to the UE do not need to be specified, thus this is up to implementation.
The alternative of sending an RRC message from the source node to release the UE seems as an unrealistic solution since it requires the source node (and the UE) to maintain the RRC configuration after sending (receiving) the RRCReconfiguration message (i.e. the Handover Command) to (in) the UE.
[bookmark: _Toc13055540][bookmark: _Toc13063854][bookmark: _Toc13127280][bookmark: _Toc13127284][bookmark: _Toc13127341][bookmark: _Toc13132682][bookmark: _Toc13137974][bookmark: _Toc13138115][bookmark: _Toc13138187][bookmark: _Toc13142342]Releasing the source connection by means of an RRC message can only be done from the target gNB.
A solution in which the target gNB sends a message to the UE to release the source connection also requires the source gNB to be informed so that the DL transmission to the UE can be stopped.
If the target gNB triggers the release of the source connection in the UE just after the RA procedure is completed, then the new Handover Success message (agreed by RAN3 for the Rel-16 Conditional Handover concept) can possibly serve as an indicator to the source gNB to stop transmitting DL data to the UE. 
But if the target gNB triggers a release of the source connection in the UE after the Handover Success message has been sent, potentially another XnAP message need to be specified and sent to the source gNB to indicate stop DL transmission.
As yet another alternative the source gNB can stop DL transmission to the UE at reception of the “end marker” packet from the User Plane Function (UPF) (received as a result of the DL path switch request triggered by the target gNB). The obvious drawback with this alternative is that the “end marker” packet will be received quite late in the handover process, thus user plane and signaling resources will most likely be tied up in vain in the source gNB.
[bookmark: _Toc13055541][bookmark: _Toc13063855][bookmark: _Toc13127342][bookmark: _Toc13132683][bookmark: _Toc13137975][bookmark: _Toc13138116][bookmark: _Toc13138188][bookmark: _Toc13142343]Releasing the UE source connection based on a message sent from the target gNB also requires the source gNB to be informed so that the DL transmission to the UE can be stopped.
As an alternative to an RRC message sent from the target gNB, one can consider whether an in-band indicator, sent from the source gNB, can serve the same purpose. The in-band indicator will then indicate that DL data transmission from the source gNB is stopped, thus the connection to the source node can be released in a controlled manner. For instance, the RLC buffer in the source gNB can then be emptied before the DL transmission is stopped and the connection is released.
[bookmark: _Toc13055542][bookmark: _Toc13063856][bookmark: _Toc13127343][bookmark: _Toc13132684][bookmark: _Toc13137976][bookmark: _Toc13138117][bookmark: _Toc13138189][bookmark: _Toc13142344]Releasing the UE from the source node enables the source gNB to empty its RLC buffer before releasing the connection.
As an example of an in-band indicator, a PDCP “end-marker packet” can be defined as an explicit indication that the source connection will not be used for DL transmission anymore. The transmission can thus be stopped in a controlled way before the connection is released in the source gNB and in the UE.
[bookmark: _Toc13055544][bookmark: _Toc13055555][bookmark: _Toc13063859][bookmark: _Toc13127346][bookmark: _Toc13132687][bookmark: _Toc13137979][bookmark: _Toc13138318][bookmark: _Toc13138361][bookmark: _Toc13138406][bookmark: _Toc13142347]RAN2 to consider making use of an in-band indicator (e.g. a PDCP “end-marker packet”) to indicate end of DL data transmission from source gNB.
[bookmark: _Hlk13141907]The in-band indicator sent by the source gNB can be triggered either by the new XnAP message Handover Success sent from the target gNB when the UE has completed the handover, or it can be triggered by the “end marker” packet received from the UPF as a result of the DL path switch request triggered by the target gNB.
An example of an in-band indicator sent from the source gNB at reception of Handover Success is exemplified in Figure 1 below.
[image: ]
[bookmark: _Hlk13142130][bookmark: _Toc13055545][bookmark: _Toc13055556][bookmark: _Toc13063860][bookmark: _Toc13127347]Figure 1: Explicit release by means of an in-band indicator
[bookmark: _Toc13132688][bookmark: _Toc13137980][bookmark: _Toc13138319][bookmark: _Toc13138362][bookmark: _Toc13138407][bookmark: _Toc13142348]The in-band indicator can be triggered either from the target gNB (new Handover Success message) or from the UPF at reception of the “end marker” packet.
Regardless which, if any, explicit release mechanism is agreed in RAN2 (RRC message sent from target node or an in-band indicator sent from the source node), a fall-back mechanism is needed in case the message/indicator is not received in the UE. A fall-back mechanism can consist of an inactivity timer.
[bookmark: _Toc13055546][bookmark: _Toc13055557][bookmark: _Toc13063861][bookmark: _Toc13127287][bookmark: _Toc13127348][bookmark: _Toc13132689][bookmark: _Toc13137981][bookmark: _Toc13138320][bookmark: _Toc13138363][bookmark: _Toc13138408][bookmark: _Toc13142349]If an explicit release trigger is defined (either an in-band indicator or an RRC message), a fall-back mechanism to release the source connection is needed in the UE, for instance at expiry of an inactivity timer.
Implicit release of source connection
An implicit release of the source connection triggered in the UE and in the network has the obvious benefit that no additional signals need to be sent between the network and the UE. The prerequisite for this is that the network and the UE are fairly synchronized in time when to release the connection.
One way to achieve this is to tie the release to an event known by the UE and the network, e.g. at completion of the RA procedure.
[bookmark: _Toc13063858][bookmark: _Toc13127281][bookmark: _Toc13127285][bookmark: _Toc13127345][bookmark: _Toc13132686][bookmark: _Toc13137978][bookmark: _Toc13138119][bookmark: _Toc13138191][bookmark: _Toc13142346]If the implicit release of the source connection can be tied to an event known by the network and the UE, no extra signalling is needed between the two entities.
The release of the source connection in the UE could either be triggered directly at the completion of the RA procedure, or a configurable timer (included in the RRCReconfiguration message) could delay the release accordingly. In the former case (release of source connection at completion of RA procedure), the timer could be set to 0.
[image: ]
[bookmark: _Hlk13132226]Figure 2: Implicit release triggered by a timer
If the source node is informed by the target when the handover is completed (e.g. by the new Handover Success message, agreed by RAN3 for the Rel-16 Conditional Handover concept), the reception of this message could also be a trigger/starting point for a corresponding timer in the source node. This is exemplified in Figure 2 above. The timer can possibly also compensate for the transmission delay over XnAP.
[bookmark: _Toc13063862][bookmark: _Toc13127288][bookmark: _Toc13127349][bookmark: _Toc13132690][bookmark: _Toc13137982][bookmark: _Toc13138321][bookmark: _Toc13138364][bookmark: _Toc13138409][bookmark: _Toc13142350]RAN2 to consider an implicit release solution as an option to an explicit release triggered from the network. A release timer can be included in the RRCReconfiguration message and started by the UE at completion of the RA procedure. A corresponding timer is started in the source gNB at reception of the new Handover Success message sent over XnAP.
Conclusion
In section 2 we made the following observations:
Observation 1	Releasing the source connection by means of an RRC message can only be done from the target gNB.
Observation 2	Releasing the UE source connection based on a message sent from the target gNB also requires the source gNB to be informed so that the DL transmission to the UE can be stopped.
Observation 3	Releasing the UE from the source node enables the source gNB to empty its RLC buffer before releasing the connection.
Observation 4	A release indicator sent from the source gNB do not require the target gNB to be informed.
Observation 5	If the implicit release of the source connection can be tied to an event known by the network and the UE, no extra signalling is needed between the two entities.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to consider making use of an in-band indicator (e.g. a PDCP “end-marker packet”) to indicate end of DL data transmission from source gNB.
Proposal 2	The in-band indicator can be triggered either from the target gNB (new Handover Success message) or from the UPF at reception of the “end marker” packet.
Proposal 3	If an explicit release trigger is defined (either an in-band indicator or an RRC message), a fall-back mechanism to release the source connection is needed in the UE, for instance at expiry of an inactivity timer.
Proposal 4	RAN2 to consider an implicit release solution as an option to an explicit release triggered from the network. A release timer can be included in the RRCReconfiguration message and started by the UE at completion of the RA procedure. A corresponding timer is started in the source gNB at reception of the new Handover Success message sent over XnAP.
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