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1. Introduction

“Issue 2.6-6: Need of indication of DAPS handover execution to the source just before the initial UL transmission in the target or upon uplink data switching” has been discussed during [Post109e#11][MOB] Resolving open issues for DAPS email discussion. The companies’ views and a proposal are in Annex. This contribution is not for re-discussion but for technical information.
In RAN2#109e meeting, some remaining issues are proposed in the summary on PDCP/RLC aspects of DAPS HO in AI 7.3.2.1.1 [1], but not discussed due to limited time. One of the remaining issues is 

-
Need of indication of DAPS handover execution to the source just before the initial UL transmission in the target or upon uplink data switching
Several contributions suggested a proposal or an option to introduce the indication of DAPS handover execution (i.e., “Bye” message) to the source cell [3], [7], [9], [11], [15]. In this contribution, we discuss the need of indication of DAPS handover execution to the source. It has the following benefits, resolving several problems pointed out by many contributions at once: 
-
it can minimize the UL interruption time;

-
it can minimize the DL interruption time; 

-
it can trigger an intermediate SN status transfer that is a good compromise between the redundancy and the latency;

-
it can support exact UL data switching in the network;

-
it can minimize the performance degradation caused by an unsynchronized source + target configuration;
-
it can support exact handover execution in the combination of CHO and DAPS handover in the network.
On the whole, it is not an optimization but essential for DAPS handover to work. Therefore, we propose that RAN2 introduce the indication of DAPS handover execution to the source. 
2. Discussion
Remaining essential issue: need of indication of DAPS handover execution to the source
In RAN2#109e meeting, two companies proposed a remaining issue: need of indication of DAPS handover execution to the source. One contribution [2] proposed the indication of handover execution for triggering an intermediate SN status transfer which is a good compromise between the redundancy and the latency. It observed that in both CFRA and CBRA cases, DAPS handover with the indication of handover execution outperforms DAPS handover with PDCP status report and without PDCP status report, in almost cases. Another contribution [3] proposed the indication of handover execution for informing the source of UL data switching. It observed that it makes the DAPS handover procedure execute clearly and let the source gNB know that the UE performs UL switching, and stop sending the UL grant to the UE.
Many contributions [3], [5]–[11], [14], [15] use a following common phrase, “Because the source does not know exactly when the UE will access the target, ...”, to point out some problems in DAPS handover and propose a temporary solution to solve each problem. If we do not solve the root cause of these problems, it will just be a band-aid solution. It had better introduce a root cause solution which can solve these problems at once. The solution is simple and just to let the source know exactly when the UE will access the target by the indication of DAPS handover execution to the source. We explain how it can solve these problems one by one as follows.     
UL interruption time

In DAPS handover, for DL, early data forwarding is supported to reduce the interruption time, but for UL, only late data forwarding is supported after freezing the last SN STATUS TRANSFER [4]. This could result in more interruption for UL, whose interruption can be more than X2/Xn roundtrip delay [5]. To point out the problem, one paper uses the common phrase, “The gain becomes even smaller considering that this status provided before the last SN STATUS TRANSFER may be slightly out-dated and the source does not know when exactly the UE will access the target” [5]. Another paper uses the common phrase, “As the source node does not know the exact timing when the UE started the uplink switching, then the target node is not able get the uplink receiving PDCP SN status of the source node forwarded by the source node at the time of the uplink data switching” [6]. 
On the contrary, with the help of the indication of DAPS handover execution, the source can know exactly when the UE will access the target and perform data forwarding for UL at exactly the right time. It can minimize the UL interruption time [7].

Observation 1: In DAPS handover, for UL, only late data forwarding is supported because the source does not know exactly when the UE will access the target, and this could result in more interruption for UL.

DL interruption time

In DAPS handover, for DL, early data forwarding is supported to reduce the interruption time, but the target cell may perform unnecessary transmission of PDCP data forwarded by the source cell due to early data forwarding [8]. This could result in more interruption at PDCP level for DL [7]. To point out the problem, one paper uses the common phrase, “Then the redundant packet transmission before the release of the source connection cannot be avoided, as the target node does not know which packets are received by the UE before the release of the source connection” [6]. Another paper uses the common phrase, “At=T3, the target cell transmits the PDCP SDUs 1, 2 and 3 because the target cell does not know whether the UE successfully receives the PDCP SDUs 1, 2 and 3 from the source cell” [8]. 
On the contrary, with the help of the indication of DAPS handover execution, the source can know exactly when the UE will access the target and perform data forwarding for DL at exactly the right time. This could help the target node know which packets are received by the UE almost up-to-date. It can minimize the DL interruption time [7].

Observation 2: In DAPS handover, the target cell may perform unnecessary transmission of PDCP data due to early data forwarding because the source does not know exactly when the UE will access the target, and this could result in more interruption for DL.

Intermediate SN status transfer

In DAPS handover, for DL, the source gNB/eNB may additionally send the EARLY FORWARDING TRANSFER message(s) between the first EARLY FORWARDING TRANSFER and the last SN STATUS TRANSFER, to inform discarding of already forwarded PDCP SDUs. The target gNB/eNB does not transmit forwarded downlink PDCP SDUs to the UE, whose COUNT is less than the conveyed DL COUNT value and discards them [4]. An intermediate SN status transfer can be a good compromise between the redundancy and the latency in DAPS HO [2]. However, this intermediate SN status transfer would introduce signaling overhead [16] because the source does not know when exactly the UE will access the target, the source might send intermediate SN status transfer periodically or frequently based on the event before it sends the last SN STATUS TRANSFER. 
On the contrary, with the help of the indication of DAPS handover execution, the source can know exactly when the UE will access the target and perform data forwarding for DL at exactly the right time. This could help the source node send an intermediate SN status transfer only once with up-to-date status.

Observation 3: In DAPS handover, the source might send intermediate SN status transfer periodically or frequently because the source does not know exactly when the UE will access the target, and this could result in signaling overhead.

UL data switching

In DAPS handover, the UE switches the UL PDCP data transmission upon a successful RACH procedure. It may happen that the source cell keeps on providing UL grants for user data transmission because the UL switching is not known to the source cell [9]. This could result in more interruption for UL and the waste of UL resources. To point out the problem, one paper uses the common phrase, “The time instant when the UE receives the first UL grant from the target cell after random access completion and performs UL switching is not known to the source cell.” [9]. Another paper uses the common phrase, “If the source gNB does not know the UE performs UL switching, which may cause the source gNB to continue to send UL grant to the UE, which is not expected.” [3]. Another paper uses the common phrase, “However, the source cell does not know the exact time when UE switch to target for UL data transmission. Thus, the source cell does not know when to stop the UL scheduling and send the ‘SN status transfer’ for UL data to the target cell.” [10]. 
On the contrary, with the help of the indication of DAPS handover execution, the source can know exactly when the UE accesses the target and performs UL data switching. This could help the source node perform data forwarding for UL at exactly the right time and stop sending UL grants for UL data to the UE. It can minimize the UL interruption time [7] and the waste of UL resources. That’s why some contributions suggested a proposal or an option to introduce the “bye” message to the source cell upon UL data switching [3], [9].
Observation 4: In DAPS handover, only late data forwarding is supported and the source may keep on providing UL grants because the source does not know exactly when the UE performs UL data switching, and this could result in more interruption for UL and the waste of UL resources.

Source + target configuration
In RAN2#109e meeting, RAN2 agreed as follows with regard to source + target configuration,

Source + target configuration

Proposal 30.
Source+target configuration cannot be sent in the same RRC message for DAPS HO.

Proposal 31.
If source wants to change it’s configuration during DAPS handover, the source could send two RRC messages in one TTI, i.e. DAPS handover command for target, and RRC reconfiguration message for source. But it is up to network implementation.

Proposal 32.
Following legacy handling on network configuration error if network (source+target) configuration exceeds the UE capability, no specification change is needed.

However, there is no consensus on when the UE and the network apply the source + target configuration. Some contributions [11], [12] assume that the source node can downgrade its configuration upon sending the RRC message for DAPS handover command. It is because the source node is unaware of the exact time of handover execution. On the other hand, a contribution [13] says that “(5)
The UE succeed to access the target cell. The DAPS HO command is applied that the HO command contains the source cell configuration and the target cell configuration.” An unsynchronized source + target configuration between the UE and the network can cause performance degradation [11], [14]. 
On the contrary, with the help of the indication of DAPS handover execution, the source can know exactly when the UE will access the target and this can relieve the problem of the unsynchronized source + target configuration. That’s why a contribution suggested an option to introduce the “bye” message to the source cell upon the handover execution [11].
Observation 5: In DAPS handover, there is a problem of the unsynchronized source + target configuration because the source does not know exactly when the UE will access the target, and this could result in performance degradation.

Handover execution in the combination of CHO and DAPS handover
Although RAN2 agreed that “Proposal 33. CHO+DAPS is not supported in Rel-16.” in RAN2#109e meeting, the majority view is that this can be done or considered in Rel-17. Many contributions observed that the combination of CHO and DAPS handover can be easily implemented because there is no critical conflict between them. However, there are several issues to be solved for the combination. To point out the problems of data forwarding and downgrade of source node configuration, one paper uses the common phrase, “For CHO, as UE initiate random access to the target node autonomously, and “bye” message is not introduced, source node is unaware of the exact time of handover execution.” [11]. Another paper uses the common phrase, “However, since the source node is not aware of the CHO execution, the source node has no idea when to use the stored configuration and which configuration can be used for performing DAPS HO.” [14], to discuss the problem of the coordinated configuration. Another paper uses the common phrase, “Thus, the source cell does not know when the UE executes HO procedure and which candidate is selected as target cell.” [15], to discuss the problem of data forwarding. 
On the contrary, with the help of the indication of DAPS handover execution, the source can know exactly when the UE will access the target and this can solve all these issues clearly. That’s why some contributions proposed to introduce the “bye” message to the source cell upon the handover execution in the CHO+DAPS handover [11], [15].
Observation 6: In the combination of CHO and DAPS handover, there are several issues (e.g., the coordinated configuration and data forwarding) to be solved because the source does not know exactly when the UE will access the target, and this could result in performance degradation.

Indication of DAPS handover execution to the source
The indication of DAPS handover execution to the source let the source know exactly when the UE will access the target. As discussed above, it is simple and a root cause solution which can resolve several problems pointed out by many contributions at once. 

Observation 7: In DAPS handover, the indication of DAPS handover execution to the source let the source know exactly when the UE will access the target and it is a root cause solution resolving several problems at once.
Proposal 1: RAN2 is requested to introduce the indication of DAPS handover execution to the source.

Whether L3 or L1 signalling is used to carry the bye message was one of the issue in an email discussion on CHO execution [17]. In the email discussion, some companies prefer L3 signalling and other companies prefer L1 signalling, and there is no majority view. For DAPS handover, two contributions proposed L3 signalling to carry the bye message [3], [7]. Other contributions does not express the opinion on whether L3 or L1 signalling [9], [11], [15]. Meanwhile, in RAN2#109e meeting, RAN2 agreed that “S1_2: As in legacy PSCell change, the UE sends RRCReconfigurationComplete to the MN at execution of CPC when no SRB3 is configured and the MN informs the SN. i.e the complete message to MN includes an embedded complete message to the SN.” for CPC. Therefore, L3 signalling (i.e., RRC message) is preferable and we can reuse RRCReconfigurationComplete message or define a new one.
Proposal 2: RAN2 is requested to decide whether we reuse RRCReconfigurationComplete message or define a new one for the indication.

Another issue is when the UE sends the indication of DAPS handover execution to the source. In [7], four options (i.e., option 1~4 in below) are suggested and in [3], another option (i.e., option 5) is proposed. Another issue is the availability of the source link. RAN2 agreed that before the successful completion of the RACH to the target cell, when the source link fails, the UE releases the source link and stops any data transmission or reception via the source link. Therefore, the UE can send the indication of DAPS handover execution to the source only when the source link is available.
Proposal 3: RAN2 is requested to consider that if the source link is available, the UE sends the indication of DAPS handover execution to the source, 

- Option 1: just before the initial UL transmission in the target cell; 
- Option 2: upon receiving Msg2 in the target cell;

- Option 3: after RA preamble transmission in the target cell; 
- Option 4: the order the UE sends the indication to the source and performs the RA procedure towards the target is not defined;

- Option 5: after the UE performs the UL data switching.
In current RAN3 baseline CR, for UL, only late data forwarding is supported after freezing the last SN STATUS TRANSFER after the source node receives the HO SUCCESS message from the target node [4]. As discussed above, by the help of the indication of DAPS handover execution, the source can know exactly when the UE will access the target and perform early data forwarding even for UL at exactly the right time. Therefore, if RAN2 decide to introduce the indication of DAPS handover execution to the source, then RAN2 can send an LS to RAN3 to inform of RAN2 decision to take into account the decision in developing an intermediate SN STATUS TRANSFER to support early data forwarding for UL.
Proposal 4: RAN2 is requested to send LS to RAN3 informing of RAN2 decision to take into account the decision in developing an intermediate SN STATUS TRANSFER to support early data forwarding for UL.

3. Conclusion
Observation 1: In DAPS handover, for UL, only late data forwarding is supported because the source does not know exactly when the UE will access the target, and this could result in more interruption for UL.

Observation 2: In DAPS handover, the target cell may perform unnecessary transmission of PDCP data due to early data forwarding because the source does not know exactly when the UE will access the target, and this could result in more interruption for DL.

Observation 3: In DAPS handover, the source might send intermediate SN status transfer periodically or frequently because the source does not know exactly when the UE will access the target, and this could result in signaling overhead.

Observation 4: In DAPS handover, only late data forwarding is supported and the source may keep on providing UL grants because the source does not know exactly when the UE performs UL data switching, and this could result in more interruption for UL and the waste of UL resources.

Observation 5: In DAPS handover, there is a problem of the unsynchronized source + target configuration because the source does not know exactly when the UE will access the target, and this could result in performance degradation.

Observation 6: In the combination of CHO and DAPS handover, there are several issues (e.g., the coordinated configuration and data forwarding) to be solved because the source does not know exactly when the UE will access the target, and this could result in performance degradation.

Observation 7: In DAPS handover, the indication of DAPS handover execution to the source let the source know exactly when the UE will access the target and it is a root cause solution resolving several problems at once.
Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to introduce the indication of DAPS handover execution to the source.

Proposal 2: RAN2 is requested to decide whether we reuse RRCReconfigurationComplete message or define a new one for the indication.

Proposal 3: RAN2 is requested to consider that if the source link is available, the UE sends the indication of DAPS handover execution to the source, 

- Option 1: just before the initial UL transmission in the target cell; 
- Option 2: upon receiving Msg2 in the target cell;

- Option 3: after RA preamble transmission in the target cell; 
- Option 4: the order the UE sends the indication to the source and performs the RA procedure towards the target is not defined;

- Option 5: after the UE performs the UL data switching.
Proposal 4: RAN2 is requested to send LS to RAN3 informing of RAN2 decision to take into account the decision in developing an intermediate SN STATUS TRANSFER to support early data forwarding for UL.
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Annex. Excerpt from Report of [Post109e#11][MOB] Resolving open issues for DAPS (Intel)
Issue 2.6-6: Need of indication of DAPS handover execution to the source just before the initial UL transmission in the target or upon uplink data switching [5][21]

The proposals from [5][21] are 

Proposal 3: We suggest that RAN2 consider to introduce new indication information from UE to notify the source gNB after the UE performs the UL switching.

Proposal 1: RAN2 is requested to introduce the “Bye” message in DAPS HO and consider that if the source link is still available, the UE sends the “Bye” message to the source, 

- Option 1: just before the initial UL transmission in the target cell; 
- Option 2: upon receiving Msg2 in the target cell;

- Option 3: after RA preamble transmission in the target cell; 
- Option 4: the order the UE sends the “Bye” message to the source and performs the RA procedure towards the target is not defined.

The motivation mentioned in companies’ contributions are:

· it can get the best DL and UL interruption time;

· in both CFRA and CBRA cases, DAPS HO with Bye outperforms with PDCP status report and without PDCP status report, in almost cases;

· an intermediate SN status transfer triggered by “Bye” is a good compromise between the redundancy and the latency in DAPS HO; 

· Could avoid the unnecessary scheduling from source;

However, RAN2 has agreed “2  Once HO command is successfully received, UE can switch the RRC protocol signaling processing towards the target cell to receive any further RRC messages.”, so far in the specification, it is captured as “suspend source SRBs upon receiving DAPS HO command”, the UE cannot send the RRC indication to the source unless the UE maintains two RRC entities with source and target simultaneously;

If the need of indication of DAPS handover exeution to the source is agreed, RAN2 can re-consider the agreement. For example, the UE can send “Bye” message just before the initial UL transmission in the target cell, and the UE can switch the RRC protocol signaling processing towards the target cell right after triggering “Bye” message. If so, the UE does not need to maintain two RRC entities simultaneously.

Question 2.6-6: Do companies see the need to have the bye message from the UE to the source just before the initial UL transmission in the target or upon UL switching? 

	Company
	Yes/No
	Remark 

	Ericsson
	No
	Not in Rel-16.  A “bye” message may be useful if DAPS handover is combined to with CHO in Rel-17.

	Samsung
	No
	

	NEC
	No
	No time to specify “bye” message in this release.

	LG
	No
	We do not see the benefit to introduce the bye message.

	ETRI
	Yes
	The root cause: in current DAPS handover, the source does not know exactly when the UE will access the target or perform UL data switching. It causes several problems as below.

Problem#1: for UL, only late data forwarding is supported and this could result in more interruption for UL.

Problem#2: the target cell may perform unnecessary transmission of PDCP data due to early data forwarding and this could result in more interruption for DL.

Problem#3: the source might send intermediate SN status transfer periodically or frequently and this could result in 
ignalling overhead.

Problem#4: the source may keep on providing UL grants and this could result in the waste of UL resources.

Problem#5: there is a problem of the unsynchronized source + target configuration and this could result in performance degradation.

Problem#6: In the combination of CHO and DAPS handover (, although RAN2 agreed that it is not supported in Rel-16), there are several issues (e.g., the coordinated configuration and data forwarding) to be solved and this could result in considerable performance degradation.

Solution: the indication of DAPS handover execution to the source let the source know exactly when the UE will access the target and it is a root cause solution resolving above problems at once.

	Sharp
	No
	The proposal seems not for critical issue. We prefer not to introduce it in Rel-16.

	OPPO
	No 
	

	QC
	No
	

	Nokia
	No
	Time to say goodbye to bye message.

	Apple
	No
	

	Lenovo
	No
	

	vivo
	No
	

	Docomo
	No
	

	CATT
	No
	This can be discussed in Rel-17

	MediaTek
	No
	This may be useful but it’s too late to discuss such an issue about fundental signalling flow.

	Intel
	No
	

	ZTE
	No
	Same view as Ericsson.


Summary: 17 companies provided inputs

The bye message from the UE to the source just before the initial UL transmission in the target or upon UL switching 

Yes: 1

No:16
Rapporteur would suggest to go for majority.  

Proposal S2.6-5-6: Do not introduce bye message from UE to the source upon UL switching.
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