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1	Introduction
RUDI (Reduction in User Data Interruption) handover has been agreed to be specified for both LTE and NR. The RAN2 email discussion [107#29][NR/Mob-enh] CP for DAPS (Vivo) [1], was defined to cover the following topics :
	[107#29][NR/Mob-enh] CP for DAPS (Vivo)
	How to handle RLM/RLF in source and target cell during DAPS,
	Single RRC or dual RRC?
	When to set up target SRBs? When to release the source SRBs?
	Whether to suspend source SRBs for dual RRC?
	Whether UE can fallback to source connection in case of HO failure?
	Intended outcome: Report to next meeting
	Deadline:  Thursday 2019-10-03



This contribution focuses mainly on aspects not covered, or at least not concluded, by the above e-mail discussion, such as
· [bookmark: _Hlk20486324]Failure handling
· Need for fallback to source cell or not: this was briefly discussed in the e-mail discussion but we feel that not all aspects of this topic has been considered and the e-mail discussion was not very conclusive on this topic.
· Reporting of failures to the network
· RRC handling during RUDI handover, e.g.:
· RRC procedures and processes associated with the source radio link
· Release of the source cell configuration in the UE
In addition, in this contribution we briefly discuss the stage-2 specification impact by RUDI handover from control plane point of view as well as the RRC specification impact by RUDI handover. We provide stage-2 TPs to 36.300 and 38.300 as well.
[bookmark: _Ref178064866]2	Discussion
2.1	Failure handling
2.1.1	Need for fallback to source cell or not
When the RUDI handover fails (due to T304 timeout), our view is that RRC re-establishment is the best option as in legacy handover. There are proposals that since the UE is anyway connected to the source cell it should first try to fallback to that cell. In our view, in most handover scenarios, the handover is triggered due to bad radio in the current serving cell. To return to the source cell upon handover failure in those scenarios is often a bad idea, in particular if the failure is because of high speed and a late triggered handover. We also need to point out that the problem we discuss here is already addressed with conditional handover.
[bookmark: _Toc21016317]RAN2 has agreed to specify conditional handover to address reduction of handover failures.
During the RRC re-establishment, the UE performs cell selection where it considers the source cell, but also other cells. From our experience there are typically 4-5 cells which are likely candidates during cell selection at re-establishment during bad coverage. One of these cells is typically the source cell.
There are also potential improvements which can be performed to speed up the RRC Re-establishment procedure, as being addressed as part of the mobility enhancements Rel-16 work items in order to meet the ojectives on increased handover robustness. For example in [2] and [3] we identified a number of improvements already made and propose also some additional enhancements to further speed up the procedure for RRC Re-establishment. 
[bookmark: _Toc21016318]There is potential for further improvements of the re-establishment procedure to reduce the delay caused by a re-establishment.
[bookmark: _Hlk21012053]Our experience is that handover failures are more frequent when handover is triggered by bad radio coverage, especially for high speed UEs and/or in small cell deployment. On the other hand, when handover is triggered by other reasons, such as by load balancing, handover failure rates are virtually zero. The same type of observations apply for both intra-frequency and inter-frequency handovers. 
In our experience, those cases for which handover failures are more frequent, are also those cases when the re-establishment ends up in other cells than the source cell. So, in general, if we would force all UEs which suffer from handover failure to perform fallback to the source cell, it is more likely that the fallback will work for those cases where handover failure is not common in the first place. 
On the other hand, for the cases where handover failures are much more frequent, the fallback more likely fails since the source cell has become bad. The natural way to recover from the failure is to perform the re-establishment procedure. A failure to perform fallback followed by re-establishment will result in a longer delay compared to when the re-establishment was triggered by T304 timeout in the first place. 
We therefore observe:
[bookmark: _Toc21016319]If a fallback to source cell fails, the delay will be longer than if the re-establishment was triggered at T304 timeout.
[bookmark: _Toc21016320]By looking at the whole population of UEs, a fallback procedure will therefore likely result in longer average delay than using re-establishment.
There are proposals to let the UE perform fallback to source only if the source radio link is still available (e.g. by using RLM or other types of measurements on the source cell). While those proposals seems logical at first glance, they don’t change our observation that fallback is of limited use for those situations when handover failures are more common (such as bad radio coverage, for high speed UEs and/or in small cell deployment). If the source radio link in those cases hasn’t failed already, it will likely fail soon thereafter anyway. In any case, the complexity and UE requirements of this “conditional fallback” must be compared with the expected gains.
All in all, we think that it is premature now to specify fallback to source cell, since
· The gain is very questionable and it even may result in higher delays for the scenarios where handover failures are more common
· This is rather a handover robustness issue: it is possible to combine RUDI handover and conditional handover to increase robustness and thus decrease handover failure rate.
· There are still potential improvements of the re-establishment procedure to make it faster
· The impact from such a fallback procedure has not been demonstrated and it also requires RAN3 to study this. But we expect additional specification complexity, illustrated by for example by some proposals to introduce a new signalling radio bearer for the sole purpose of supporting fallback.
· At best, we see the fallback to source cell as a potential optimization in limited scenarios which can be added later once proven necessary. 
Therefore we propose:
[bookmark: _Toc21016336]When RUDI handover fails (e.g. at T304 failure), the UE shall perform re-establishment, i.e. as per current specification.
2.1.2	Reporting of failures to the network
This topic was not mentioned explicitly in the scope for the e-mail discussion. Nevertheless, there were some suggestions brought up, for example:
1. Case1: If the RUDI HO fails, UE reports the failure via the source link, and include information such as failure cause and measurements. 
2. Case2: If the source radio link fails (e.g. T310 expiry or RLC retransmission failure), the UE reports this via the target link and include information such as failure cause and measurements.
We want to point out that in LTE, as part of Self-Organising Networks (SON), there is already a framework specified for the reporting of information from the UE triggered by certain events, including at handover failure. This is also known as Mobility Robustness Optimization (MRO) – please refer to TS 36.300 section 22.4.2. The same type of MRO functions will be specified also for NR in the SON/MDT Rel-16 work item [4].  In MRO terminology, the above two cases may be classified as “Too Early Handover” (case 1) and “Too Late Handover” (case 2). We therefore think that:
· The reporting of information from the UE to the network at RUDI handover failure or success, in order to avoid double work, should use the framework for SON/MDT, for example MRO (Mobility Robustness Optimization) that exists for LTE and is being introduced in Rel-16 NR. 
· Reporting of information is therefore not part of the scope of neither the LTE nor the NR Rel-16 mobility enhancements work items.
· If there are RUDI HO specific additions to be made on top of existing SON/MDT framework, such as additional triggers, events or information sent from the UE, we see this as an optimization of an Rel-16 feature, and therefore it could be addressed in later releases. Note that a continuation of SON/MDT work is being discussed in the RAN plenary and there will be an email discussion to discuss the scope of the same. It is a general understanding that SON features for the current rel-16 WIs like NR-U, mobility enhancements will be discussed in that work.
We propose
[bookmark: _Toc21016337]Reporting of SON/MDT related information (e.g. at failures) during the RUDI HO should not be specified as part of the Rel-16 mobility enhancements work items for LTE and NR.
2.2	RRC handling during RUDI handover
2.2.1	Reception of RRC messages from source
The dual active protocol stack solution for RUDI handover opens up a possibility for the source RAN node to send also control plane messages to the UE before the UE has detached from the source cell. Some companies have suggested that the UE should be able to receive control plane messages from the source RAN node during RUDI handover.
[bookmark: _Hlk20304894]First thing to ask, would there be any such downlink messages? It is quite clear that the legacy handover procedure has been designed in order to avoid this to happen, as argued below.
In the legacy handover procedure, the UE configuration in the source is frozen after the source have started handover preparation. The UE stops any ongoing procedures and processes associated with the source cell configuration when receiving HO command and instead applies the target cell RRC configuration. 
The control plane handling during legacy handover (reconfiguration with sync) is described in 38.300 section 9.2.3.2.1 (see Annex A.1). From this description, we note two things:
1. After handover preparation has started, the source gNB does not reconfigure the UE since it has sent the UE configuration to the target gNB.
2. The UE detaches from the source cell after having received the RRC message triggering the handover. 
From 38.331 5.3.5.5.2 (see Annex A.3) we can also note that UE performs the reconfiguration with sync “as soon as possible” following the reception of the RRC message triggering the reconfiguration with sync – the UE is allowed to perform it even before the UE sends the HARQ/ARQ ACKs on the HO command.
We conclude from this:
[bookmark: _Toc21016321]From the point of started handover preparation of a legacy handover, source RAN node will send any other RRC Reconfiguration messages to the UE than the handover command (i.e. source UE configuration is “frozen”).
[bookmark: _Toc21016322]Since the UE detaches from the source cell in legacy handover very quickly, any messages sent after the HO command would anyway be lost.
We also note that from TS 23.502 section 4.9.2.1 (see annex A.2) that: 
[bookmark: _Toc21016323]During a legacy handover, RAN rejects any NAS messages from the AMF. The AMF has the possibility to re-attempt the procedure when the handover has completed.
Thus we can observe:
[bookmark: _Toc21016324]Due to the design of the legacy handover procedure, messages to be sent to the UE from the source RAN node during handover procedure has been avoided and is not possible.
But in case of RUDI handover with dual protocol stacks? The dual active protocol stack solution opens up a possibility for the source RAN node to send also control plane messages to the UE before the UE has detached to the source cell. In case of legacy handover, this has been avoided by design and it is by physics not even possible. Do we want the new enhanced handover procedure be based upon the legacy whenever possible? Yes, we think this is required to meet the objectives and evaluation criteria. 
By allowing one RRC entity in the UE to communicate with two different network RRC entities (in source and target RAN nodes, respectively), we can expect many “strange” things to happen, both on UE and network side and a high risk of ambiguity and non-predictable UE behaviour. This may potentially jeopardize the usefulness and trust of the RUDI handover procedure.
We propose:
[bookmark: _Toc21016338]The design of the enhanced handover procedure for 0ms interruption shall be done in a way to avoid the UE to process any RRC messages sent from the source RAN node to the UE after the UE processing of the handover command has started.
[bookmark: _Toc21016339]RAN2 (and RAN3) to make sure that normative text avoid the above to happen - this may affect 38.300, 38.331, 38.423 (and equivalent LTE specs). 
[bookmark: _Toc21016325]In many cases the text for legacy handover would suffice.

2.2.2	Reception of system information update, paging, EWTS and CMAS
During the legacy handover, since UE immediately detaches from source cell, it will not receive any system info, paging, EWTS and CMAS from the source cell. Instead it will start receiving this from the target cell, once it has aquired sync to that cell.
For RUDI handover, we think that:
· System information: Since the UE will start reading the MIB from the target cell in order to access the cell, it should obey the target cell system information, including updates, even when still receiving data from the source cell. There is no need to receive source cell system info either at this point in time. Therefore is it logical to apply the same behavior as in legacy handover.
[bookmark: _Toc21016340]The UE should not monitor system information in the source cell during RUDI HO.
· Paging, EWTS and CMAS: Our understanding is that when the UE has acquired the system information in the target cell, this will be used to receive paging messages including EWTS and CMAS indications. Therefore is it logical also here to apply the same behavior as in legacy handover. Until the UE has performed location registration (in case of changing registration area) there may be a time period when the location of the UE is not known by the core network. This also applies for legacy handover. 
[bookmark: _Toc21016341]The UE should not monitor paging occasions in the source cell during RUDI HO.

2.2.3	RRM and measurement reporting
In legacy handover, the UE configures the measurements according to the target cell configuration received in the HO command. So the measurements configured by the source, including measurement gaps, are overridden by the target configuration. The legacy behavior works also for RUDI handover. UE would otherwise need to have two sets of measurements to perform, and at the same time receiving user data from both the source and target simultaneously. Therefore is it logical also here to apply the same behavior as in legacy handover.
[bookmark: _Toc21016342]The UE shall apply the measurement configuration received in the handover command during RUDI HO, in the same way as for legacy handover.
2.3	Release of the source cell configuration in the UE
The point in time when the UE releases the source cell configuration during RUDI HO is still an open issue. If the UE releases the source too early, it may result in data loss. Since the UE transmits UL data to the source until it has switched its UL data transmission to target, it is clear that the source cannot be released before the UE has switched its UL data transmission.
[bookmark: _Toc21016326]To avoid UL data loss, the source connection should not be released before the UE has switched its UL data transmission.
On the other hand, the UE should not be required to monitor the source DL longer than necessary. For example, there is very little point of keeping the source cell configuration after the network has performed the path switch and after no more DL packets will be received from the source. If TDM is used, a late release of the source will also prolong the time when the data rate is limited in both UL and DL due to that the both the source and target gNB schedulers need to respect the timeslots defined by the TDM pattern. Moreover, the UE has to monitor and decode PDCCH from the source and typically it needs to divide its total number of HARQ processes between source and target as long as it has not released the source cell configuration.
[bookmark: _Toc21016327]The UE should not be required to monitor the source connection longer than necessary.
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 signalled from the source node or from the target node.
· Source connection is implicitly released in the UE (and in the network) based on an event and/or a timer started at a given point.
Apart from the release trigger itself, also the release coordination between the network nodes and the UE is an important issue to consider. 
Note: Although that NR terminology (e.g. node and message names) are used throughout this section, the discussion here also applies to LTE.
2.3.1	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 could be 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. As discussed in 2.2.1, the UE will not be able to receive RRC messages from the source RAN node during RUDI handover.
[bookmark: _Toc13055540][bookmark: _Toc13063854][bookmark: _Toc13127280][bookmark: _Toc13127284][bookmark: _Toc13127341][bookmark: _Toc13132682][bookmark: _Toc13137974][bookmark: _Toc13138115][bookmark: _Toc13138187][bookmark: _Toc13142342][bookmark: _Toc19799232][bookmark: _Toc19871977][bookmark: _Toc20125234][bookmark: _Toc21016328]Releasing the source connection in the UE by means of an RRC message can only be done from the target gNB.
A solution in which the target gNB sends an indication 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.
In RAN3, a new XnAP message (Handover Success) was agreed for the Rel-16 Conditional Handover concept with the purpose to inform the source node of the completion of the handover procedure, see Figure 1 below. The main reason for introducing this message is to enable a release of possibly reserved resources in other candidate target cells.

[image: ]
[bookmark: _Ref20989443]Figure 1: Inter-node handover including the new XnAP Handover Success message
It seems the Handover Success message can also be used when RUDI handover is configured to trigger the source gNB to stop its DL transmission to the UE.
However, using the Handover Success message for this purpose limits the time for which the UE may continue to receive DL data from the source node. That is, if there is a real need to keep the source connection in the UE even after completing the handover (i.e. after a potential Handover Success message has been sent to the source gNB), then either another XnAP message need to be defined as a trigger to stop DL transmission in the source gNB, or the DL transmission will continue until the “end marker” packet or the UE Context Release message is received in the source gNB.
[bookmark: _Hlk20990168]But since we do not see a real need for keeping the source connection in the UE after the DL transmission in the target cell has been assured, we also think that user plane resources in the source node shall be released as soon as the handover is completed.
[bookmark: _Hlk20988585]For that reason, we propose that the new Handover Success message is used as a trigger to stop DL transmission in the source gNB.
[bookmark: _Toc19799233][bookmark: _Toc19871981][bookmark: _Toc20125240][bookmark: _Toc20400167][bookmark: _Toc21016343]The new XnAP Handover Success message agreed by RAN3 for the Conditional Handover concept can be used as a trigger for the source gNB to stop the DL transmission to the UE.
As an alternative to sending a release indication from the target gNB to the UE, one can consider whether an in-band indicator, sent from the source gNB to the UE, can serve the same purpose. The in-band indicator would indicate that DL data transmission from the source gNB is stopped, thus the connection to the source node can be released by the UE in a more controlled way compared to a release indicator sent from the target node. For instance, the RLC buffer in the source gNB can then be emptied before the DL transmission is stopped and the connection is released by the UE. This avoids any DL packets sent from the source gNB to the UE to be lost due to releasing too early.
[bookmark: _Toc13055542][bookmark: _Toc13063856][bookmark: _Toc13127343][bookmark: _Toc13132684][bookmark: _Toc13137976][bookmark: _Toc13138117][bookmark: _Toc13138189][bookmark: _Toc13142344][bookmark: _Toc19799234][bookmark: _Toc19871978][bookmark: _Toc20125235][bookmark: _Toc21016329]Releasing the UE from the source node enables the source gNB to stop its DL transmission in a controlled way, e.g. the source gNB can empty its RLC buffer before the UE releases the source connection.
As an example of an in-band indicator, an ”end-marker PDCP control PDU”  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 and by that, DL data loss is avoided. When the UE receives the in-band indicator from the source gNB, it releases the source cell configuration.
[bookmark: _Toc13055544][bookmark: _Toc13055555][bookmark: _Toc13063859][bookmark: _Toc13127346][bookmark: _Toc13132687][bookmark: _Toc13137979][bookmark: _Toc13138318][bookmark: _Toc13138361][bookmark: _Toc13138406][bookmark: _Toc13142347][bookmark: _Toc19799238][bookmark: _Toc19871982][bookmark: _Toc20125241][bookmark: _Toc20400168][bookmark: _Toc21016344]RAN2 to consider making use of an in-band indicator (e.g. an ”end-marker PDCP control PDU”) to indicate end of DL data transmission from source gNB.
[bookmark: _Hlk13141907]The in-band indicator sent by the source gNB can be triggered by the new XnAP Handover Success message sent from the target gNB when the UE has completed the handover, see example in Figure 2 below.
[image: ]
[bookmark: _Ref20989476][bookmark: _Hlk13142130][bookmark: _Toc13055545][bookmark: _Toc13055556][bookmark: _Toc13063860][bookmark: _Toc13127347]Figure 2: Explicit release by means of an in-band indicator
[bookmark: _Toc13132688][bookmark: _Toc13137980][bookmark: _Toc13138319][bookmark: _Toc13138362][bookmark: _Toc13138407][bookmark: _Toc13142348][bookmark: _Toc19799239][bookmark: _Toc19871983][bookmark: _Toc20125242][bookmark: _Toc20400169][bookmark: _Toc21016345]The in-band indicator sent from the source gNB can be triggered at reception of the new XnAP Handover Success message.
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 need to be specified in case the message/indicator is not received in the UE. For the case the in-band indicator is not received, the fall-back mechanism can consist of a timer, as further discussed in section 2.3.3.2.
[bookmark: _Toc13055546][bookmark: _Toc13055557][bookmark: _Toc13063861][bookmark: _Toc13127287][bookmark: _Toc13127348][bookmark: _Toc13132689][bookmark: _Toc13137981][bookmark: _Toc13138320][bookmark: _Toc13138363][bookmark: _Toc13138408][bookmark: _Toc13142349][bookmark: _Toc19799240][bookmark: _Toc19871984][bookmark: _Toc20125243][bookmark: _Toc20400170][bookmark: _Toc21016330]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.
2.3.2	Implicit release of source connection
2.3.2.1	Event-based 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. Examples of events triggering implicit release are:
· At completion of the RA procedure.
· After switch of UL data transmission to target
· After the successful transmission of the RRCReconfigurationComplete message
[bookmark: _Toc13063858][bookmark: _Toc13127281][bookmark: _Toc13127285][bookmark: _Toc13127345][bookmark: _Toc13132686][bookmark: _Toc13137978][bookmark: _Toc13138119][bookmark: _Toc13138191][bookmark: _Toc13142346][bookmark: _Toc19799235][bookmark: _Toc19871979][bookmark: _Toc20125236][bookmark: _Toc21016331]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.
When selecting between the three alternatives above, we should consider that the release of source should not be done before UL data transmission is switched to target. Therefore it seems that an implicit mechanism should be based on the point of time when the UE switches UL data to target. This is illustrated in Figure 3 below.
[image: ]
[bookmark: _Ref21010547]Figure 3: Event-based release of source connection

[bookmark: _Toc21016346]RAN2 to consider implicit release of source connection in the UE performed after switch of UL data transmission.
2.3.3.2	Timer-based release of source connection
Rather than triggering the release of the source connection in the UE immediately at one of the above events, such at switch of UL data transmission, it can be delayed by a timer (which value is to be included in the RRCReconfiguration message). To trigger release of source connection immediately at one of the above events, the timer could be set to 0.
[image: ]
[bookmark: _Ref21010713][bookmark: _Hlk13132226]Figure 4: Timer-based release of source connection
If the source node is informed by the target when the UE has completed the handover, 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 for stopping the DL data transmission to the UE. This is exemplified in Figure 4 above.
The timer in the UE can possibly also compensate for the transmission delay over XnAP. The timer will thus take the time for the target to inform the source into account, to avoid the UE to release source too early and possibly loose DL data from source. 
Even when using an explicit release method (such as in-band indication from source), the timer can be used as an addon for the case when the signal to explicitly releasing the source is not received by the UE.
We propose:
[bookmark: _Toc21016347][bookmark: _Toc13063862][bookmark: _Toc13127288][bookmark: _Toc13127349][bookmark: _Toc13132690][bookmark: _Toc13137982][bookmark: _Toc13138321][bookmark: _Toc13138364][bookmark: _Toc13138409][bookmark: _Toc13142350][bookmark: _Toc19799241][bookmark: _Toc19871985][bookmark: _Toc20125244][bookmark: _Toc20400171]RAN2 to consider implicit release of source connection in the UE performed after expiry of a release timer started at switch of UL data transmission. The  release timer value can be included in the RRCReconfiguration message.
[bookmark: _Toc21016348]If an explicit release of source connection, triggered from the network, is specified, RAN2 to consider a timer as a complement to the explicit release. 
2.4	Stage-2 specification impact by RUDI handover
2.4.1	NR
In the annex A.1 a copy of the illustration of the Intra-AMF/UPF Handover procedure in clause 9.2.3.2.1 in TS 38.300 is provided.
Referring to the procedure in TS 38.300, we here discuss the applicability of each step for the RUDI handover.
For steps 0-3, we don’t see why they shouldn’t apply also for the RUDI handover. Moreover, we think that source gNB needs to indicate the need to perform RUDI handover to target gNB in the Handover Request, in order for the target gNB to prepare RRC configuration and execute the rest of the procedure to support RUDI handover as it differs from the legacy handover. Details for this needs further study by RAN3.
[bookmark: _Toc16666247][bookmark: _Toc21016349]In order to trigger a RUDI handover in the target gNB, the source gNB needs to include an indication in the Handover Request with meaning “RUDI handover requested”.
For steps 4-5, they also apply for the RUDI handover. 
[bookmark: _Toc16666245][bookmark: _Toc21016332]Also for the RUDI handover, target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement.
However, the target gNB should have means to reject the RUDI handover, either as Handover Reject or as fallback to legacy handover. For example, for whatever reason, the target gNB does not support RUDI. These aspects need further study by RAN3. And as this is out of the scope for the straightforward case described in TS 38.300 we can leave that for stage-3 specification.
In step 5, if the RRC configuration should in case of RUDI handover, include an indication in the Handover Command with meaning “RUDI handover” in order to distinguish it from other types of “handover”.
[bookmark: _Toc16666248][bookmark: _Toc21016350]The RRC configuration from target gNB optionally includes an indication in the Handover Command with meaning a request to perform “RUDI handover” in order to distinguish it from other types of “handover”.
Regarding “Detach from old cell - Synchronise to new cell”:  In case of RUDI handover, the UE keeps the radio link in the source cell while accessing the target cell. It needs also to keep user plane configuration such as physical layer configuration and L2 configuration associated with the source cell. What triggers the UE release of source cell (and associated configuration) is still to be decided by RAN2 and is therefore FFS. See also the discussion in section 2.3 on this topic.
[bookmark: _Toc16666249][bookmark: _Toc21016351]In case of RUDI handover, stage-2 should specify that the UE keeps the radio link and associated user plane configuration in the source cell while accessing the target cell.
In step 8, RAN Handover Completion, the UE sends an RRCReconfigurationComplete message to the target gNB. As also discussed in section 2.3, triggered e.g. by the reception of the RRCReconfigurationComplete message, the target gNB sends the new XnAP Handover Success message to the source gNB. The reception of the Handover Success message in the source gNB may be used as a trigger to stop DL transmission to the UE.
[bookmark: _Toc21016352]Stage-2 to be updated with the new Handover Success message, also for RUDI handover.
There is a point in time where the UE switches its uplink data transmission to the target cell, according to RAN2 agreement. As we think this is an important stage-2 level aspect it needs to be captured in the handover procedure in TS 38.300 for the RUDI case.
Moreover, the UE will release the source cell configuration at some point, e.g. after having switched its UL data transmission (as discussed in section 2.3).
[bookmark: _Hlk21005919][bookmark: _Toc21016353]Stage-2 to be updated to describe switch of UL data transmission and release of source cell configuration during RUDI handover.
The sequence in annex A.1  illustrates data forwarding from source to target gNB. As identified also in [5], RAN3 has agreed to support early data forwarding when Make-Before-Break is configured. Therefore:
[bookmark: _Toc21016354]Stage-2 to be updated to describe when data forwarding is typically started during RUDI HO.
[bookmark: _Hlk21010404]In [5], we propose that the target gNB should have the possibility to perform DL packet duplication check based on a PDCP status report sent from the UE to the target gNB. If this is agreed, it may need to be captured in the stage-2 specification.
[bookmark: _Toc21016333]Stage-2 may need to be updated to reflect that target gNB should have the possibility to perform DL packet duplication check based on a PDCP status report sent from the UE to the target gNB.
[bookmark: _Hlk16600611]RAN2#106 agreed that “PDCP packet duplication” does not need to be supported by the network. We think that the source gNB may optionally duplicate DL PDCP data PDUs to the UE since the UE receives from both source and target during some time. This needs to be captured in stage-2 as well.
[bookmark: _Toc16666246][bookmark: _Toc21016355]Stage-2 to be updated to describe that DL PDCP packet duplication may be utilized by the network during RUDI handover.
[bookmark: _Hlk16087113]In step 8, when the UE sends the RRCReconfigurationComplete message to the target gNB, this completes the procedure from the UE point of view in case of legacy handover. In case of RUDI handover, the handover is completed by the UE when it has released the connection to the source cell. Depending on when the release of source cell is specified to be performed, it may either be part of the handover execution phase or the handover completion phase.
[bookmark: _Toc16666250][bookmark: _Toc21016356]The RUDI handover procedure has been completed in the UE when the UE has released the connection to the source cell.
Based on the observations and proposals in this section, the Figure 5 below depicts the resulting RUDI handover procedure on stage-2 level.


[bookmark: _Ref20989554]Figure 5: Illustration of the stage-2 procedure for RUDI handover
2.4.2	LTE
The stage-2 analysis for NR above applies also for LTE.
2.5	RRC specification impact by RUDI handover
2.5.1	NR
To avoid unnecessary UE and network complexity, as well as minimizing specification effort, we should aim basing the handover procedure with minimal interruption on the existing procedures when possible.
Above, we make a first analysis of the stage-2 impact to support RUDI handover for NR. For example, we identify the need for an indication that the type of handover is a RUDI handover, in the handover preparation and execution messages. Even if not all stage-2 impact is identified yet (due to lack of certain agreements of the solution), it is clear that the stage-2 handover procedure can be used as a base to also support minimal interruption using RUDI.
For the legacy handover, the stage-2 procedure is implemented by RRC Reconfiguration for the stage-3 radio interface in the control plane. When we enter stage-3 and RRC specification, we need to consider where to specify such a RUDI handover procedure. Naturally, handover with minimal interruption should preferably be based on the current “handover” procedure in RRC - RRC Reconfiguration-> Cell Group configuration-> Reconfiguration with sync. Rather than defining a new RRC procedure we should reuse the existing RRC Reconfiguration framework to avoid double specification.
We propose:
[bookmark: _Toc16749641][bookmark: _Toc21016357][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]The RUDI handover should be specified within the existing RRC reconfiguration procedure.
[bookmark: _Toc16749642][bookmark: _Toc21016358]The RUDI handover should be based on the RRC procedure for Reconfiguration with sync.
Whether this means that the current Reconfiguration with sync section 5.3.5.5.2 is updated to also support handover with minimal interruption or a separate section is created is of course left for stage-3. However, in order to trigger the UE specific actions for handover with minimal interruption (e.g. to start the sync and random access on target cell before releasing the source cell), and distinguish it from the legacy handover, an information element in the RRCRconfiguration message is needed to indicate a RUDI handover, in the same way as the “makeBeforeBreak” IE was added for LTE Rel-14.
[bookmark: _Toc16749629][bookmark: _Toc21016334]An information element in the RRCReconfiguration message is needed to distinguish the RUDI handover from other types of “handover”. 
2.5.2	LTE
To avoid unnecessary UE and network complexity, as well as minimizing specification effort, we should aim basing the RUDI handover procedure on the existing procedures when possible.
[bookmark: _Hlk16612335][bookmark: _Hlk16612124]When we enter stage-3 and RRC specification, we need to consider where to specify such an RUDI handover procedure. Naturally, also the RUDI handover should be based on the current “handover” procedure in RRC: 5.3.5.4 Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover). Rather than defining a new RRC procedure we should reuse the existing RRC Connection Reconfiguration framework to avoid double specification.
We propose:
[bookmark: _Toc16749622][bookmark: _Toc21016359]The enhanced RUDI handover should be based on the RRC procedure for RRC Connection Reconfiguration including the mobilityControlInfo.
In order to trigger the UE specific actions for RUDI handover (e.g. to start the sync and random access on target cell before releasing the source cell), and distinguish it from the legacy handover, an information element in the RRCConnectionReconfiguration message is needed, in the same way as the “makeBeforeBreak” IE was added for LTE Rel-14.
[bookmark: _Toc16749612][bookmark: _Toc21016335]An information element in the RRCConnectionReconfiguration message is needed to distinguish the “RUDI handover” from other types of “handover”. 

[bookmark: _Ref189046994]3	Text Proposal
3.1	TP to 38.300
[bookmark: _Toc16666251][bookmark: _Toc21016360][bookmark: _Hlk20931082]We kindly ask RAN2 to consider the following text proposal to TS 38.300 and to use Figure 5 in this contribution as basis for updating the sequence in figure 9.2.3.2.1-1.
[bookmark: _Toc12623272]9.2.3.2	Handover
9.2.3.2.1	C-Plane Handling
The intra-NR RAN handover performs the preparation and execution phase of the handover procedure performed without involvement of the 5GC, i.e. preparation messages are directly exchanged between the gNBs. The release of the resources at the source gNB during the handover completion phase is triggered by the target gNB. The figure below depicts the basic handover scenario where neither the AMF nor the UPF changes:
· 

[bookmark: _Hlk21013172]Figure 9.2.3.2.1-1: Intra-AMF/UPF Handover
Editor’s note:	Figure 9.2.3.2.1-1 needs to be updated to reflect differences for RUDI HO.
0.	The UE context within the source gNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.
1.	The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
2.	The source gNB decides to handover the UE, based on MeasurementReport and RRM information.
3.	The source gNB issues a Handover Request message to the target gNB passing a transparent RRC container with necessary information to prepare the handover at the target side. The information includes at least the target cell ID, KgNB*, the C-RNTI of the UE in the source gNB, RRM-configuration including UE inactive time, basic AS-configuration including antenna Info and DL Carrier Frequency, the current QoS flow to DRB mapping rules applied to the UE, the SIB1 from source gNB, the UE capabilities for different RATs, PDU session related information, and can include the UE reported measurement information including beam-related information if available. The PDU session related information includes the slice information and QoS flow level QoS profile(s). If RUDI HO is configured, it includes an indicator to request RUDI handover.
NOTE:	After issuing a Handover Request, the source gNB should not reconfigure the UE, including performing Reflective QoS flow to DRB mapping.
4.	Admission Control may be performed by the target gNB. Slice-aware admission control shall be performed if the slice information is sent to the target gNB. If the PDU sessions are associated with non-supported slices the target gNB shall reject such PDU Sessions.
5.	The target gNB prepares the handover with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB, which includes a transparent container to be sent to the UE as an RRC message to perform the handover. If RUDI HO is configured, it includes an indicator whether the target gNB accepts or rejects the request to perform a RUDI handover.
6.	The source gNB triggers the Uu handover by sending an RRCReconfiguration message to the UE, containing the information required to access the target cell: at least the target cell ID, the new C-RNTI, the target gNB security algorithm identifiers for the selected security algorithms. It can also include a set of dedicated RACH resources, the association between RACH resources and SSB(s), the association between RACH resources and UE-specific CSI-RS configuration(s), common RACH resources, and system information of the target cell, an indicator to request RUDI handover, etc.
7.	The source gNB sends the SN STATUS TRANSFER message to the target gNB.
8.	The UE synchronises to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB. If RUDI HO is configured, the UE keeps the radio link in the source cell and associated U-plane configuration. 
Editor’s note:	In case of RUDI handover, the trigger for the UE to release the radio link in the source cell and associated U-plane configuration is FFS.
9.	The target gNB sends a PATH SWITCH REQUEST message to AMF to trigger 5GC to switch the DL data path towards the target gNB and to establish an NG-C interface instance towards the target gNB.
10.	5GC switches the DL data path towards the target gNB. The UPF sends one or more "end marker" packets on the old path to the source gNB per PDU session/tunnel and then can release any U-plane/TNL resources towards the source gNB.
11.	The AMF confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.
12.	Upon reception of the PATH SWITCH REQUEST ACKNOWLEDGE message from the AMF, the target gNB sends the UE CONTEXT RELEASE to inform the source gNB about the success of the handover. The source gNB can then release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
The RRM configuration can include both beam measurement information (for layer 3 mobility) associated to SSB(s) and CSI-RS(s) for the reported cell(s) if both types of measurements are available. Also, if CA is configured, the RRM configuration can include the list of best cells on each frequency for which measurement information is available. And the RRM measurement information can also include the beam measurement for the listed cells that belong to the target gNB.
The common RACH configuration for beams in the target cell is only associated to the SSB(s). The network can have dedicated RACH configurations associated to the SSB(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell. The target gNB can only include one of the following RACH configurations in the Handover Command to enable the UE to access the target cell:
i)	Common RACH configuration;
ii)	Common RACH configuration + Dedicated RACH configuration associated with SSB;
iii)	Common RACH configuration + Dedicated RACH configuration associated with CSI-RS.
The dedicated RACH configuration allocates RACH resource(s) together with a quality threshold to use them. When dedicated RACH resources are provided, they are prioritized by the UE and the UE shall not switch to contention-based RACH resources as long as the quality threshold of those dedicated resources is met. The order to access the dedicated RACH resources is up to UE implementation.
3.2	TP to 36.300
[bookmark: _Toc21016361][bookmark: _Toc12642625][bookmark: _Toc12642626]We kindly ask RAN2 to consider the following text proposal to TS 36.300 to use Figure 5 in this contribution as basis for updating the sequence in figure 10.1.2.1.1-1.
10.1.2.1	Handover
The intra E-UTRAN HO of a UE in RRC_CONNECTED state is a UE-assisted network-controlled HO, with HO preparation signalling in E-UTRAN:
-	Part of the HO command comes from the target eNB and is transparently forwarded to the UE by the source eNB;
-	To prepare the HO, the source eNB passes all necessary information to the target eNB (e.g. E-RAB attributes and RRC context):
-	When CA is configured and to enable SCell selection in the target eNB, the source eNB can provide in decreasing order of radio quality a list of the best cells and optionally measurement result of the cells.
-	When DC is configured, the source MeNB provides the SCG configuration (in addition to the MCG configuration) to the target MeNB.
-	Both the source eNB and UE keep some context (e.g. C-RNTI) to enable the return of the UE in case of HO failure;
-	If RACH-less HO is not configured, the UE accesses the target cell via RACH following a contention-free procedure using a dedicated RACH preamble or following a contention-based procedure if dedicated RACH preambles are not available:
-	the UE uses the dedicated preamble until the handover procedure is finished (successfully or unsuccessfully);
-	If RACH-less HO is configured, the UE accesses the target cell via the uplink grant preallocated to the UE in the RRC message. If the UE does not receive the preallocated uplink grant in the RRC message from the source eNB, the UE monitors the PDCCH of the target cell;
-	If the access towards the target cell (using RACH or RACH-less procedure) is not successful within a certain time, the UE initiates radio link failure recovery using a suitable cell;
-	No ROHC context is transferred at handover;
-	No UDC context is transferred at handover;
-	ROHC context can be kept at handover within the same eNB.
10.1.2.1.1	C-plane handling
The preparation and execution phase of the HO procedure is performed without EPC involvement, i.e. preparation messages are directly exchanged between the eNBs. The release of the resources at the source side during the HO completion phase is triggered by the eNB. In case an RN is involved, its DeNB relays the appropriate S1 messages between the RN and the MME (S1-based handover) and X2 messages between the RN and target eNB (X2-based handover); the DeNB is explicitly aware of a UE attached to the RN due to the S1 proxy and X2 proxy functionality (see clause 4.7.6.6). The figure below depicts the basic handover scenario where neither MME nor Serving Gateway changes:


[bookmark: _Hlk21013226]Figure 10.1.2.1.1-1: Intra-MME/Serving Gateway HO
Editor’s note:	Figure 10.1.2.1.1-1 needs to be updated to reflect differences for RUDI HO.
Below is a more detailed description of the intra-MME/Serving Gateway HO procedure:
0	The UE context within the source eNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.
1	The source eNB configures the UE measurement procedures according to the roaming and access restriction information and e.g. the available multiple frequency band information. Measurements provided by the source eNB may assist the function controlling the UE's connection mobility.
2	A MEASUREMENT REPORT is triggered and sent to the eNB.
3	The source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off the UE.
4	The source eNB issues a HANDOVER REQUEST message to the target eNB passing necessary information to prepare the HO at the target side (UE X2 signalling context reference at source eNB, UE S1 EPC signalling context reference, target cell ID, KeNB*, RRC context including the C-RNTI of the UE in the source eNB, AS-configuration, E-RAB context and physical layer ID of the source cell + short MAC-I for possible RLF recovery). UE X2 / UE S1 signalling references enable the target eNB to address the source eNB and the EPC. The E-RAB context includes necessary RNL and TNL addressing information, and QoS profiles of the E-RABs. If RUDI HO is configured, it includes an indicator to request RUDI handover.
5	Admission Control may be performed by the target eNB dependent on the received E-RAB QoS information to increase the likelihood of a successful HO, if the resources can be granted by target eNB. The target eNB configures the required resources according to the received E-RAB QoS information and reserves a C-RNTI and optionally a RACH preamble. The AS-configuration to be used in the target cell can either be specified independently (i.e. an "establishment") or as a delta compared to the AS-configuration used in the source cell (i.e. a "reconfiguration").
6	The target eNB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as an RRC message to perform the handover. The container includes a new C-RNTI, target eNB security algorithm identifiers for the selected security algorithms, may include a dedicated RACH preamble, and possibly some other parameters i.e. access parameters, SIBs, etc. If RACH-less HO is configured, the container includes timing adjustment indication and optionally a preallocated uplink grant. If RUDI HO is configured, it includes an indicator to request to perform a RUDI handover. The HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the forwarding tunnels, if necessary. If RUDI HO is configured, it includes an indicator whether the target eNB accepts or rejects the request to perform a RUDI handover.
NOTE:	As soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of the handover command is initiated in the downlink, data forwarding may be initiated.
Steps 7 to 16 provide means to avoid data loss during HO and are further detailed in 10.1.2.1.2 and 10.1.2.3.
7	The target eNB generates the RRC message to perform the handover, i.e. RRCConnectionReconfiguration message including the mobilityControlInformation, to be sent by the source eNB towards the UE. The source eNB performs the necessary integrity protection and ciphering of the message.

The UE receives the RRCConnectionReconfiguration message with necessary parameters (i.e. new C-RNTI, target eNB security algorithm identifiers, and optionally dedicated RACH preamble, target eNB SIBs, etc.) and is commanded by the source eNB to perform the HO. If RACH-less HO is configured, the RRCConnectionReconfiguration includes timing adjustment indication and optionally preallocated uplink grant for accessing the target eNB. If RUDI HO is configured, it also includes an indicator to request a RUDI handover. If preallocated uplink grant is not included, the UE should monitor PDCCH of the target eNB to receive an uplink grant. The UE does not need to delay the handover execution for delivering the HARQ/ARQ responses to source eNB.

If RUDI HO is configured, the UE keeps the radio link in the source cell and associated U-plane configuration after the reception of RRCConnectionReconfiguration message with mobilityControlInformation. 
Editor’s note:	In case of RUDI handover, the trigger for the UE to release the radio link in the source cell and associated U-plane configuration is FFS.
[bookmark: _Hlk20931139]If Make-Before-Break HO is configured, the connection to the source cell is maintained after the reception of RRCConnectionReconfiguration message with mobilityControlInformation before the UE executes initial uplink transmission to the target cell.
NOTE:	If Make-Before-Break HO is configured, the source eNB decides when to stop transmitting to the UE.
NOTE:	The UE can be configured with Make-Before-Break HO and RACH-less HO simultaneously.
8	The source eNB sends the SN STATUS TRANSFER message to the target eNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies (i.e. for RLC AM). The uplink PDCP SN receiver status includes at least the PDCP SN of the first missing UL SDU and may include a bit map of the receive status of the out of sequence UL SDUs that the UE needs to retransmit in the target cell, if there are any such SDUs. The downlink PDCP SN transmitter status indicates the next PDCP SN that the target eNB shall assign to new SDUs, not having a PDCP SN yet. The source eNB may omit sending this message if none of the E-RABs of the UE shall be treated with PDCP status preservation.
9	If RACH-less HO is not configured, after receiving the RRCConnectionReconfiguration message including the mobilityControlInformation , UE performs synchronisation to target eNB and accesses the target cell via RACH, following a contention-free procedure if a dedicated RACH preamble was indicated in the mobilityControlInformation, or following a contention-based procedure if no dedicated preamble was indicated. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell. 

If RACH-less HO is configured, UE performs synchronisation to target eNB. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell.
10	If RACH-less HO is not configured, the target eNB responds with UL allocation and timing advance.
10a If RACH-less HO is configured and the UE did not get the periodic pre-allocated uplink grant in the RRCConnectionReconfiguration message including the mobilityControlInfo, the UE receives uplink grant via the PDCCH of the target cell. The UE uses the first available uplink grant after synchronization to the target cell.
11	When the RACH-less HO is not configured and the UE has successfully accessed the target cell, the UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink Buffer Status Report, and/or UL data, whenever possible, to the target eNB, which indicates that the handover procedure is completed for the UE. The target eNB verifies the C-RNTI sent in the RRCConnectionReconfigurationComplete message. The target eNB can now begin sending data to the UE.
	When the RACH-less HO is configured, after the UE has received uplink grant, the UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink Buffer Status Report, and/or UL data, whenever possible, to the target eNB. The target eNB verifies the C-RNTI sent in the RRCConnectionReconfigurationComplete message. The target eNB can now begin sending data to the UE. The handover procedure is completed for the UE when the UE receives the UE contention resolution identity MAC control element from the target eNB.
12	The target eNB sends a PATH SWITCH REQUEST message to MME to inform that the UE has changed cell.
13	The MME sends a MODIFY BEARER REQUEST message to the Serving Gateway.
14	The Serving Gateway switches the downlink data path to the target side. The Serving gateway sends one or more "end marker" packets on the old path to the source eNB and then can release any U-plane/TNL resources towards the source eNB.
15	The Serving Gateway sends a MODIFY BEARER RESPONSE message to MME.
16	The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.
17	By sending the UE CONTEXT RELEASE message, the target eNB informs success of HO to source eNB and triggers the release of resources by the source eNB. The target eNB sends this message after the PATH SWITCH REQUEST ACKNOWLEDGE message is received from the MME.
18	Upon reception of the UE CONTEXT RELEASE message, the source eNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
When an X2 handover is used involving HeNBs and when the source HeNB is connected to a HeNB GW, a UE CONTEXT RELEASE REQUEST message including an explicit GW Context Release Indication is sent by the source HeNB, in order to indicate that the HeNB GW may release of all the resources related to the UE context.

4	Conclusion
[bookmark: _GoBack]In the previous sections we made the following observations: 
Observation 1	RAN2 has agreed to specify conditional handover to address reduction of handover failures.
Observation 2	There is potential for further improvements of the re-establishment procedure to reduce the delay caused by a re-establishment.
Observation 3	If a fallback to source cell fails, the delay will be longer than if the re-establishment was triggered at T304 timeout.
Observation 4	By looking at the whole population of UEs, a fallback procedure will therefore likely result in longer average delay than using re-establishment.
Observation 5	From the point of started handover preparation of a legacy handover, source RAN node will send any other RRC Reconfiguration messages to the UE than the handover command (i.e. source UE configuration is “frozen”).
Observation 6	Since the UE detaches from the source cell in legacy handover very quickly, any messages sent after the HO command would anyway be lost.
Observation 7	During a legacy handover, RAN rejects any NAS messages from the AMF. The AMF has the possibility to re-attempt the procedure when the handover has completed.
Observation 8	Due to the design of the legacy handover procedure, messages to be sent to the UE from the source RAN node during handover procedure has been avoided and is not possible.
Observation 9	In many cases the text for legacy handover would suffice.
Observation 10	To avoid UL data loss, the source connection should not be released before the UE has switched its UL data transmission.
Observation 11	The UE should not be required to monitor the source connection longer than necessary.
Observation 12	Releasing the source connection in the UE by means of an RRC message can only be done from the target gNB.
Observation 13	Releasing the UE from the source node enables the source gNB to stop its DL transmission in a controlled way, e.g. the source gNB can empty its RLC buffer before the UE releases the source connection.
Observation 14	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.
Observation 15	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.
Observation 16	Also for the RUDI handover, target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement.
Observation 17	Stage-2 may need to be updated to reflect that target gNB should have the possibility to perform DL packet duplication check based on a PDCP status report sent from the UE to the target gNB.
Observation 18	An information element in the RRCReconfiguration message is needed to distinguish the RUDI handover from other types of “handover”.
Observation 19	An information element in the RRCConnectionReconfiguration message is needed to distinguish the “RUDI handover” from other types of “handover”.


Based on the discussion in the previous sections we propose the following:
Proposal 1	When RUDI handover fails (e.g. at T304 failure), the UE shall perform re-establishment, i.e. as per current specification.
Proposal 2	Reporting of SON/MDT related information (e.g. at failures) during the RUDI HO should not be specified as part of the Rel-16 mobility enhancements work items for LTE and NR.
Proposal 3	The design of the enhanced handover procedure for 0ms interruption shall be done in a way to avoid the UE to process any RRC messages sent from the source RAN node to the UE after the UE processing of the handover command has started.
Proposal 4	RAN2 (and RAN3) to make sure that normative text avoid the above to happen - this may affect 38.300, 38.331, 38.423 (and equivalent LTE specs).
Proposal 5	The UE should not monitor system information in the source cell during RUDI HO.
Proposal 6	The UE should not monitor paging occasions in the source cell during RUDI HO.
Proposal 7	The UE shall apply the measurement configuration received in the handover command during RUDI HO, in the same way as for legacy handover.
Proposal 8	The new XnAP Handover Success message agreed by RAN3 for the Conditional Handover concept can be used as a trigger for the source gNB to stop the DL transmission to the UE.
Proposal 9	RAN2 to consider making use of an in-band indicator (e.g. an ”end-marker PDCP control PDU”) to indicate end of DL data transmission from source gNB.
Proposal 10	The in-band indicator sent from the source gNB can be triggered at reception of the new XnAP Handover Success message.
Proposal 11	RAN2 to consider implicit release of source connection in the UE performed after switch of UL data transmission.
Proposal 12	RAN2 to consider implicit release of source connection in the UE performed after expiry of a release timer started at switch of UL data transmission. The  release timer value can be included in the RRCReconfiguration message.
Proposal 13	If an explicit release of source connection, triggered from the network, is specified, RAN2 to consider a timer as a complement to the explicit release.
Proposal 14	In order to trigger a RUDI handover in the target gNB, the source gNB needs to include an indication in the Handover Request with meaning “RUDI handover requested”.
Proposal 15	The RRC configuration from target gNB optionally includes an indication in the Handover Command with meaning a request to perform “RUDI handover” in order to distinguish it from other types of “handover”.
Proposal 16	In case of RUDI handover, stage-2 should specify that the UE keeps the radio link and associated user plane configuration in the source cell while accessing the target cell.
Proposal 17	Stage-2 to be updated with the new Handover Success message, also for RUDI handover.
Proposal 18	Stage-2 to be updated to describe switch of UL data transmission and release of source cell configuration during RUDI handover.
Proposal 19	Stage-2 to be updated to describe when data forwarding is typically started during RUDI HO.
Proposal 20	Stage-2 to be updated to describe that DL PDCP packet duplication may be utilized by the network during RUDI handover.
Proposal 21	The RUDI handover procedure has been completed in the UE when the UE has released the connection to the source cell.
Proposal 22	The RUDI handover should be specified within the existing RRC reconfiguration procedure.
Proposal 23	The RUDI handover should be based on the RRC procedure for Reconfiguration with sync.
Proposal 24	The enhanced RUDI handover should be based on the RRC procedure for RRC Connection Reconfiguration including the mobilityControlInfo.
Proposal 25	We kindly ask RAN2 to consider the following text proposal to TS 38.300 and to use Figure 5 in this contribution as basis for updating the sequence in figure 9.2.3.2.1-1.
Proposal 26	We kindly ask RAN2 to consider the following text proposal to TS 36.300 to use Figure 5 in this contribution as basis for updating the sequence in figure 10.1.2.1.1-1.
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Annex A
A.1	From TS 38.300 
[bookmark: _Toc12623274]9.2.3.2.1	C-Plane Handling
The intra-NR RAN handover performs the preparation and execution phase of the handover procedure performed without involvement of the 5GC, i.e. preparation messages are directly exchanged between the gNBs. The release of the resources at the source gNB during the handover completion phase is triggered by the target gNB. The figure below depicts the basic handover scenario where neither the AMF nor the UPF changes:
· 

Figure 9.2.3.2.1-1: Intra-AMF/UPF Handover
0.	The UE context within the source gNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.
1.	The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
2.	The source gNB decides to handover the UE, based on MeasurementReport and RRM information.
3.	The source gNB issues a Handover Request message to the target gNB passing a transparent RRC container with necessary information to prepare the handover at the target side. The information includes at least the target cell ID, KgNB*, the C-RNTI of the UE in the source gNB, RRM-configuration including UE inactive time, basic AS-configuration including antenna Info and DL Carrier Frequency, the current QoS flow to DRB mapping rules applied to the UE, the SIB1 from source gNB, the UE capabilities for different RATs, PDU session related information, and can include the UE reported measurement information including beam-related information if available. The PDU session related information includes the slice information and QoS flow level QoS profile(s).
NOTE:	After issuing a Handover Request, the source gNB should not reconfigure the UE, including performing Reflective QoS flow to DRB mapping.
4.	Admission Control may be performed by the target gNB. Slice-aware admission control shall be performed if the slice information is sent to the target gNB. If the PDU sessions are associated with non-supported slices the target gNB shall reject such PDU Sessions.
5.	The target gNB prepares the handover with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB, which includes a transparent container to be sent to the UE as an RRC message to perform the handover.
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]6.	The source gNB triggers the Uu handover by sending an RRCReconfiguration message to the UE, containing the information required to access the target cell: at least the target cell ID, the new C-RNTI, the target gNB security algorithm identifiers for the selected security algorithms. It can also include a set of dedicated RACH resources, the association between RACH resources and SSB(s), the association between RACH resources and UE-specific CSI-RS configuration(s), common RACH resources, and system information of the target cell, etc.
7.	The source gNB sends the SN STATUS TRANSFER message to the target gNB.
8.	The UE synchronises to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB.
9.	The target gNB sends a PATH SWITCH REQUEST message to AMF to trigger 5GC to switch the DL data path towards the target gNB and to establish an NG-C interface instance towards the target gNB.
10.	5GC switches the DL data path towards the target gNB. The UPF sends one or more "end marker" packets on the old path to the source gNB per PDU session/tunnel and then can release any U-plane/TNL resources towards the source gNB.
11.	The AMF confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.
12.	Upon reception of the PATH SWITCH REQUEST ACKNOWLEDGE message from the AMF, the target gNB sends the UE CONTEXT RELEASE to inform the source gNB about the success of the handover. The source gNB can then release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
The RRM configuration can include both beam measurement information (for layer 3 mobility) associated to SSB(s) and CSI-RS(s) for the reported cell(s) if both types of measurements are available. Also, if CA is configured, the RRM configuration can include the list of best cells on each frequency for which measurement information is available. And the RRM measurement information can also include the beam measurement for the listed cells that belong to the target gNB.
The common RACH configuration for beams in the target cell is only associated to the SSB(s). The network can have dedicated RACH configurations associated to the SSB(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell. The target gNB can only include one of the following RACH configurations in the Handover Command to enable the UE to access the target cell:
i)	Common RACH configuration;
ii)	Common RACH configuration + Dedicated RACH configuration associated with SSB;
iii)	Common RACH configuration + Dedicated RACH configuration associated with CSI-RS.
The dedicated RACH configuration allocates RACH resource(s) together with a quality threshold to use them. When dedicated RACH resources are provided, they are prioritized by the UE and the UE shall not switch to contention-based RACH resources as long as the quality threshold of those dedicated resources is met. The order to access the dedicated RACH resources is up to UE implementation.

A.2	From TS 23.502 
[bookmark: _Toc509916327]4.9.1.2	Xn based inter NG-RAN handover
[bookmark: _Toc509916328]4.9.1.2.1	General
Clause 4.9.1.2 includes details regarding the Xn based inter NG-RAN handover with and without UPF re-allocation.
The handover preparation and execution phases are performed as specified in TS 38.300 [9], in case of handover to a shared network, source NG-RAN determines a PLMN to be used in the target network as specified by TS 23.501 [2]. If the serving PLMN changes during Xn-based handover, the source NG-RAN node shall indicate to the target NG-RAN node (in the Handover Restriction List) the selected PLMN ID to be used in the target network.
If the AMF receives a rejection to a N2 interface procedure (e.g. Location reporting control; NAS message transfer; QoS Flow establishment/modification/release; etc.) from the NG-RAN with an indication that a Xn based handover procedure is in progress, the AMF shall reattempt the same N2 interface procedure either when the handover is complete or the handover is deemed to have failed. The failure is known by expiry of the timer guarding the N2 interface procedure.

A.3	From TS 38.331
[bookmark: _Toc5285030]5.3.5.5.2	Reconfiguration with sync
The UE shall perform the following actions to execute a reconfiguration with sync.
1>	if the AS security is not activated, perform the actions upon going to RRC_IDLE as specified in 5.3.11 with the release cause 'other' upon which the procedure ends;
1>	stop timer T310 for the corresponding SpCell, if running;
1>	start timer T304 for the corresponding SpCell with the timer value set to t304, as included in the reconfigurationWithSync;
1>	if the frequencyInfoDL is included:
2>	consider the target SpCell to be one on the SSB frequency indicated by the frequencyInfoDL with a physical cell identity indicated by the physCellId;
1>	else:
2>	consider the target SpCell to be one on the SSB frequency of the source SpCell with a physical cell identity indicated by the physCellId;
1>	start synchronising to the DL of the target SpCell;
1>	apply the specified BCCH configuration defined in 9.1.1.1;
1>	acquire the MIB, which is scheduled as specified in TS 38.213 [13];
[bookmark: _Hlk20304507]NOTE 1:	The UE should perform the reconfiguration with sync as soon as possible following the reception of the RRC message triggering the reconfiguration with sync, which could be before confirming successful reception (HARQ and ARQ) of this message.
NOTE 2:	The UE may omit reading the MIB if the UE already has the required timing information, or the timing information is not needed for random access.
1>	reset the MAC entity of this cell group;
1>	consider the SCell(s) of this cell group, if configured, to be in deactivated state;
1>	apply the value of the newUE-Identity as the C-RNTI for this cell group; 
1>	configure lower layers in accordance with the received spCellConfigCommon;
1>	configure lower layers in accordance with any additional fields, not covered in the previous, if included in the received reconfigurationWithSync.
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