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<Start of modified section 1>

8.1.4.3
DAPS handover
8.1.4.3.1
DAPS handover / Success
8.1.4.3.1.1
Test Purpose (TP)

(1)

with { UE in NR RRC_CONNECTED state and supporting DAPS handover }

ensure that {

  when { UE receives an RRCReconfiguration message including a reconfigurationWithSync for handover and dapsConfig is configured for a DRB }

    then { UE performs DAPS handover to the target cell and keeps DL/UL reception/transmission with the source gNB for the DRB configured with dapsConfig }

            }

(2)

with { UE in NR RRC_CONNECTED state and supporting DAPS handover and having received an RRCReconfiguration message including a reconfigurationWithSync for handover to the neighbour cell and a dapsConfig configured for any DRB }

ensure that {

  when {  UE has performed random access procedure to the target cell successfully }

    then { UE transmits an RRCReconfigurationComplete message and switches the uplink user data transmission to the target gNB }

            }

(3)

with { UE in NR RRC_CONNECTED state and supporting DAPS handover and having received an RRCReconfiguration message including a reconfigurationWithSync for handover to the neighbour cell and a dapsConfig configured for any DRB }

ensure that {

  when { UE receives an RRCReconfiguration message including a daps-SourceRelease }

    then { UE releases the radio link with the source cell }

            }

8.1.4.3.1.2
Conformance requirements

References: The conformance requirements covered in the present TC are specified in: TS 38.300 9.2.3.1 and 9.2.3.2.1 and TS 38.331 clause 5.3.5.3 and 5.3.5.5.2. Unless otherwise stated these are Rel-16 requirements.
[TS 38.300, clause 9.2.3.1]
Network controlled mobility applies to UEs in RRC_CONNECTED and is categorized into two types of mobility: cell level mobility and beam level mobility.

Cell Level Mobility requires explicit RRC signalling to be triggered, i.e. handover. For inter-gNB handover, the signalling procedures consist of at least the following elemental components illustrated in Figure 9.2.3.1-1:
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Figure 9.2.3.1-1: Inter-gNB handover procedures

1.
The source gNB initiates handover and issues a HANDOVER REQUEST over the Xn interface.

2.
The target gNB performs admission control and provides the new RRC configuration as part of the HANDOVER REQUEST ACKNOWLEDGE.

3.
The source gNB provides the RRC configuration to the UE by forwarding the RRCReconfiguration message received in the HANDOVER REQUEST ACKNOWLEDGE. The RRCReconfiguration message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention-based and contention-free random access can be included in the RRCReconfiguration message. The access information to the target cell may include beam specific information, if any.

4.
The UE moves the RRC connection to the target gNB and replies with the RRCReconfigurationComplete.

NOTE 1:
User Data can also be sent in step 4 if the grant allows.

In case of DAPS handover, the UE continues the downlink user data reception from the source gNB until releasing the source cell and continues the uplink user data transmission to the source gNB until successful random access procedure to the target gNB.

The handover mechanism triggered by RRC requires the UE at least to reset the MAC entity and re-establish RLC, except for DAPS handover, where upon reception of the handover command, the UE:

-
Creates a MAC entity for target;

-
Establishes the RLC entity and an associated DTCH logical channel for target for each DRB configured with DAPS;

-
For the DRB configured with DAPS, reconfigures the PDCP entity with separate security and ROHC functions for source and target and associates them with the RLC entities configured by source and target respectively;

-
Retains the rest of the source configurations until release of the source.

NOTE 2:
The handling on RLC and PDCP for DRBs without DAPS is same as in normal handover.
NOTE 3:
Only PCell is kept during DAPS handover. All other serving cells are released by the network.

RRC managed handovers with and without PDCP entity re-establishment are both supported. For DRBs using RLC AM mode, PDCP can either be re-established together with a security key change or initiate a data recovery procedure without a key change. For DRBs using RLC UM mode and for SRBs, PDCP can either be re-established together with a security key change or remain as it is without a key change.

Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed when the target gNB uses the same DRB configuration as the source gNB.

Timer based handover failure procedure is supported in NR. RRC connection re-establishment procedure is used for recovering from handover failure except in certain CHO or DAPS scenarios:
-
When DAPS HO fails, the UE falls back to source cell configuration, resumes the connection with source cell, and reports DAPS HO failure via the source without triggering RRC connection re-establishment if the source link has not been released.

-
When initial CHO execution attempt fails or HO fails, the UE performs cell selection, and if the selected cell is a CHO candidate and if network configured the UE to try CHO after HO/CHO failure, then the UE attempts CHO execution once, otherwise re-establishment is performed.

DAPS handover for FR2 to FR2 case is not supported in this release of the specification.

[TS 38.300, clause 9.2.3.2.1]

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:
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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). The source gNB may also request a DAPS Handover for some DRBs.

NOTE 1:
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. The target gNB also indicates if a DAPS Handover is accepted.

NOTE 2:
As soon as the source gNB 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.

NOTE 3:
For DRBs configured with DAPS, downlink PDCP SDUs are forwarded with SN assigned by the source gNB, until SN assignment is handed over to the target gNB in step 8b, for which the normal data forwarding follows as defined in 9.2.3.2.3.

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.

NOTE 4:
For DRBs configured with DAPS, the source gNB does not stop transmitting downlink packets until it receives the HANDOVER SUCCESS message from the target gNB in step 8a.

NOTE 4a:
CHO cannot be configured simultaneously with DAPS HO.

7a.
For DRBs configured with DAPS, the source gNB sends the EARLY STATUS TRANSFER message. The DL COUNT value conveyed in the EARLY STATUS TRANSFER message indicates PDCP SN and HFN of the first PDCP SDU that the source gNB forwards to the target gNB. The source gNB does not stop assigning SNs to downlink PDCP SDUs until it sends the SN STATUS TRANSFER message to the target gNB in step 8b.

7.
For DRBs not configured with DAPS, the source gNB sends the SN STATUS TRANSFER message to the target gNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of DRBs 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 PDCP SDU and may include a bit map of the receive status of the out of sequence UL PDCP SDUs that the UE needs to retransmit in the target cell, if any. The downlink PDCP SN transmitter status indicates the next PDCP SN that the target gNB shall assign to new PDCP SDUs, not having a PDCP SN yet.

NOTE 5:
In case of DAPS Handover, the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status for a DRB with RLC-AM and not configured with DAPS may be transferred by the SN STATUS TRANSFER message in step 8b instead of step 7.

NOTE 6:
For DRBs configured with DAPS, the source gNB may additionally send the EARLY STATUS TRANSFER message(s) between step 7 and step 8b, to inform discarding of already forwarded PDCP SDUs. The target gNB does not transmit forwarded downlink PDCP SDUs to the UE, whose COUNT is less than the conveyed DL COUNT value and discards them if transmission has not been attempted already.

8.
The UE synchronises to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB. In case of DAPS HO, the UE does not detach from the source cell upon receiving the RRCReconfiguration message. The UE releases the source SRB resources, security configuration of the source cell and stops DL/UL reception/transmission with the source upon receiving an explicit release from the target node.
NOTE 6a:
From RAN point of view, the DAPS HO is considered to only be completed after the UE has released the source cell as explicitly requested from the target node. RRC suspend, a subsequent handover or inter-RAT handover cannot be initiated until the source cell has been released.

8a/b
In case of DAPS Handover, the target gNB sends the HANDOVER SUCCESS message to the source gNB to inform that the UE has successfully accessed the target cell. In return, the source gNB sends the SN STATUS TRANSFER message for DRBs configured with DAPS for which the description in step 7 applies, and the normal data forwarding follows as defined in 9.2.3.2.3.

NOTE 7:
The uplink PDCP SN receiver status and the downlink PDCP SN transmitter status are also conveyed for DRBs with RLC-UM in the SN STATUS TRANSFER message in step 8b, if configured with DAPS.

NOTE 8:
For DRBs configured with DAPS for which duplication avoidance is required (i.e. RLC-AM), the source gNB does not stop delivering uplink QoS flows to the UPF until it sends the SN STATUS TRANSFER message in step 8b. The target gNB does not forward QoS flows of the uplink PDCP SDUs successfully received in-sequence to the UPF until it receives the SN STATUS TRANSFER message, in which UL HFN and the first missing SN in the uplink PDCP SN receiver status indicates the start of uplink PDCP SDUs to be delivered to the UPF. The target gNB does not deliver any uplink PDCP SDUs which has an UL COUNT lower than the provided.

NOTE 9:
The source gNB may omit sending the SN STATUS TRANSFER message if none of DRBs is configured with DAPS or shall be treated with PDCP status preservation.

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.

 [TS 38.331, clause 5.3.5.3]
The UE shall perform the following actions upon reception of the RRCReconfiguration, or upon execution of the conditional reconfiguration (CHO or CPC):

1>
if the RRCReconfiguration is applied due to a conditional reconfiguration execution upon cell selection while timer T311 is running, as defined in 5.3.7.3:

2>
remove all the entries within VarConditionalReconfig, if any;

1>
if the RRCReconfiguration includes the daps-SourceRelease:

2>
release source SpCell configuration;

2>
reset the source MAC and release the source MAC configuration;

2>
for each DAPS bearer:

3>
release the RLC entity or entities as specified in TS 38.322 [4], clause 5.1.3, and the associated logical channel for the source SpCell;

3>
reconfigure the PDCP entity to release DAPS as specified in TS 38.323 [5];

2>
for each SRB:

3>
release the PDCP entity for the source SpCell;

3>
release the RLC entity as specified in TS 38.322 [4], clause 5.1.3, and the associated logical channel for the source SpCell;

2>
release the physical channel configuration for the source SpCell;

2>
discard the keys used in the source SpCell (the KgNB key, the KRRCenc key, the KRRCint key, the KUPint key and the KUPenc key), if any;

…
1>
if reconfigurationWithSync was included in spCellConfig of an MCG or SCG, and when MAC of an NR cell group successfully completes a Random Access procedure triggered above:

2>
stop timer T304 for that cell group;

2>
stop timer T310 for source SpCell if running;

2>
apply the parts of the CSI reporting configuration, the scheduling request configuration and the sounding RS configuration that do not require the UE to know the SFN of the respective target SpCell, if any;

2>
apply the parts of the measurement and the radio resource configuration that require the UE to know the SFN of the respective target SpCell (e.g. measurement gaps, periodic CQI reporting, scheduling request configuration, sounding RS configuration), if any, upon acquiring the SFN of that target SpCell;

2>
for each DRB configured as DAPS bearer, request uplink data switching to the PDCP entity, as specified in TS 38.323 [5];

…
NOTE 3:
The UE is only required to acquire broadcasted SIB1 if the UE can acquire it without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.

NOTE 4: The UE sets the content of UEAssistanceInformation according to latest configuration (i.e. the configuration after applying the RRCReconfiguration message) and latest UE preference. The UE may include more than the concerned UE assistance information within the UEAssistanceInformation according to 5.7.4.2. Therefore, the content of UEAssistanceInformation message may not be similar to the original one.
[TS 38.331, clause 5.3.5.5.2]
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>
if no DAPS bearer is configured:

2>
stop timer T310 for the corresponding SpCell, if running;

1>
if this procedure is executed for the MCG:

2>
if timer T316 is running;

3>
stop timer T316;

3>
clear the information included in VarRLF-Report, if any;

2>
resume MCG transmission, if suspended.

1>
stop timer T312 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 for the target SpCell;

1>
acquire the MIB of the target SpCell, which is scheduled as specified in TS 38.213 [13];

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.

NOTE 2a:
A UE with DAPS bearer does not monitor for system information updates in the source PCell.

1>
If any DAPS bearer is configured:

2>
create a MAC entity for the target cell group with the same configuration as the MAC entity for the source cell group;

2>
for each DAPS bearer:

3>
establish an RLC entity or entities for the target cell group, with the same configurations as for the source cell group;

3>
establish the logical channel for the target cell group, with the same configurations as for the source cell group;

NOTE 2b:
In order to understand if a DAPS bearer is configured, the UE needs to check the presence of the field daps-Config within the RadioBearerConfig IE received in radioBearerConfig or radioBearerConfig2.

2>
for each SRB:

3>
establish an RLC entity for the target cell group, with the same configurations as for the source cell group;

3>
establish the logical channel for the target cell group, with the same configurations as for the source cell group;

3>
suspend SRBs for the source cell group;

NOTE 3:
Void

2>
apply the value of the newUE-Identity as the C-RNTI in the target cell group;

2>
configure lower layers for the target SpCell in accordance with the received spCellConfigCommon;

2>
configure lower layers for the target SpCell in accordance with any additional fields, not covered in the previous, if included in the received reconfigurationWithSync.
8.1.4.3.1.3
Test description

8.1.4.3.1.3.1
Pre-test conditions

System Simulator:

-
NR Cell 1 is the Serving cell and the power level is configured to ''Serving Cell” defined in TS 38.508-1 [4] Table 6.2.2.1-3.

-
NR Cell 2 is the Suitable neighbour intra-frequency cell and the power level is configured to '' Suitable neighbour intra-frequency cell” defined in TS 38.508-1 [4] Table 6.2.2.1-3
-
System information combination NR-2 as defined in TS 38.508-1 [4] clause 4.4.3.1.3 is used for both NR Cells
UE:

-
None.

Preamble:

-
The UE is in 3N-A state configured with DRB#1 in RLC AM mode according to TS 38.508-1 [4], Table 4.4A.2-3 and Test Loop Function (On) with UE test loop mode B activated according to TS 38.508-1 [4], table 4.5.4.2-3.

8.1.4.3.1.3.2
Test procedure sequence
Table 8.1.4.3.1.3.2-2: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	The SS ignores scheduling requests and does not allocate any uplink grant in NR Cell 1.
	-
	-
	-
	-

	2
	The SS sends one IP Packet to the UE on the DRB#1.
	<--
	
	-
	-

	3
	The SS transmits an RRCReconfiguration message containing reconfigurationWithSync to order UE to perform DAPS handover to NR Cell 2 with key change. DRB #1 is configured as DAPS bearer.
	<--
	NR RRC: RRCReconfiguration
	-
	-

	-
	EXCEPTION: In parallel with step 4, parallel behaviour defined in table 8.1.4.3.1.3.2-2 is executed.
	-
	-
	-
	-

	4
	The SS does not configure UL grant for the UE in NR Cell 2 and waits for the parallel program execution to be completed in the NR Cell 1. (Note 1)
	-
	-
	-
	-

	5
	The SS configures UL grant for the UE in NR Cell 2 and continues to repond to scheduling requests from UE.
	<--
	DCI format 0_0
	-
	-

	-
	EXCEPTION: Steps 6 and 7 can occur in any order.
	-
	-
	-
	-

	6
	Check: Does UE transmit an RRCReconfigurationComplete message in NR Cell 2?
	-->
	NR RRC: RRCReconfigurationComplete
	1,2
	P

	7
	Check: Does the UE loop back the IP packet received at step 3 of table 8.1.4.3.1.3.2-2 in the NR Cell 2?
	-
	-
	2
	P

	8
	The SS transmits an RRCReconfiguration message with condition DAPS_HO_ReleaseSource in NR Cell 2.
	<--
	NR RRC: RRCReconfiguration
	-
	-

	9
	Check: Does transmit an RRCReconfigurationComplete message in NR Cell 2?
	-->
	NR RRC: RRCReconfigurationComplete
	3
	P

	10
	the SS transmits one IP Packet to verify data path on DRB#1 on NR Cell 1.
	-
	-
	-
	-

	11
	Check: Does UE send the IP Packet on DRB#1 in the uplink on NR Cell 1?
	-
	-
	3
	F

	12
	the SS transmits one IP Packet to verify data path on DRB#1 on NR Cell 2.
	-
	-
	-
	-

	13
	Check: Does UE send the IP Packet on DRB#1 in the uplink on NR Cell 2?
	-
	-
	1
	P

	Note 1:
The waiting time shall not exceed the value of T304. The default value of T304 is set to 1000ms currently as specified in TS 38.508-1 [4] table 4.6.3-19.


Table 8.1.4.3.1.3.2-2: Parallel behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	The SS allocates uplink grant in NR Cell 1, allowing the UE to return the IP packet received at step 2.
	-
	(UL Grant (C-RNTI))
	-
	-

	2
	Check: Does the UE loop back the IP packet received at step 2 in the NR Cell 1?
	-
	-
	1
	P

	3
	The SS sends one IP Packet to the UE via DRB#1 in the NR Cell 1.
	-
	-
	-
	-


8.1.4.3.1.3.3
Specific message contents

Table 8.1.4.3.1.3.3-1: RRCReconfiguration (step 3, Table 8.1.4.3.1.3.2-1)

	Derivation Path: TS 38.508-1 [4], Table 4.8.1-1A with Condition RBConfig_KeyChange

	Information Element
	Value/remark
	Comment
	Condition

	RRCReconfiguration ::= SEQUENCE {
	
	
	

	  criticalExtensions CHOICE {
	
	
	

	    rrcReconfiguration SEQUENCE {
	
	
	

	      radioBearerConfig
	RadioBearerConfig with conditions (SRB_NR_PDCP and Re-establish_PDCP) and DRB1 AND DAPS_PDCP
	
	

	      nonCriticalExtension SEQUENCE{
	
	
	

	        masterCellGroup
	CellGroupConfig
	OCTET STRING (CONTAINING CellGroupConfig)
	

	      }
	
	
	

	    }
	
	
	

	  }
	
	
	

	}
	
	
	


Table 8.1.4.1.7.1.3.3-2: CellGroupConfig (Table 8.1.4.3.1.3.3-1)

	Derivation Path: TS 38.508-1 [4], Table 4.6.3-19 with condition DAPS_HO

	Information Element
	Value/remark
	Comment
	Condition

	CellGroupConfig ::= SEQUENCE {
	
	
	

	  rlc-BearerToAddModList SEQUENCE (SIZE(1..maxLCH)) OF RLC-BearerConfig {
	3 entries
	
	

	    RLC-BearerConfig[1]
	RLC-BearerConfig with conditions SRB1 and Re-establish_RLC
	entry 1
	

	    RLC-BearerConfig[2]
	RLC-BearerConfig with conditions SRB2 and Re-establish_RLC
	entry 2
	

	    RLC-BearerConfig[3]
	RLC-BearerConfig with conditions AM, DRB2 except drb-Identity of servedRadioBearer shall set to DRB-Identity with condition DRB1
	Entry3
	

	  }
	
	
	

	  spCellConfig SEQUENCE {
	
	
	

	    reconfigurationWithSync SEQUENCE {
	
	
	

	      spCellConfigCommon SEQUENCE {
	
	
	

	        physCellId
	Physical Cell Identity of NR Cell 2
	
	

	      }
	
	
	

	    }
	
	
	

	  }
	
	
	

	}
	
	
	


<End of modified section 1>
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!@@@Chart-generator later than 5.0����ÿ��hscale="auto";
defstyle hgapa [text.gap.left=16, text.gap.right=16];
defstyle hgapb [text.gap.left=6, text.gap.right=6];
defstyle entity [text.font.face="Arial", text.size.normal=14, text.wrap=no, text.bold=yes];
defstyle bs [text.font.face="Arial", text.size.normal=13, vspacing=7, text.wrap=no, hgapb];
defstyle br [bs, line.corner=round];
defstyle ac [text.font.face="Times", text.size.normal=15, text.italic=yes, vspacing=5, arrow.type=sharp, hgapa];
defstyle au [text.font.face="Arial", text.size.normal=13, vspacing=5, hgapa];
defstyle n1 [text.font.face="Arial", text.size.normal=13, vspacing=5, weak, text.italic=no, hgapa];

m:UE;
s:Source gNB;
t:Target gNB;
a:AMF;
u:UPF(s);

|||;
mark HPstart;
m<=>s: User Data [au];
join s<=>u: User Data [au];
s--a:0.Mobility control information provided by AMF [br];
m--s:1.Measurement Control and Reports [br];
s--s:2. Handover Decision [bs];
s->t:3. HANDOVER REQUEST [ac];
t--t:4. Admission Control [bs];
t->s:5. HANDOVER REQUEST\nACKNOWLEDGE [ac];
mark HPend;
m--s:6. RAN Handover Initiation [br];
s--s:Deliver buffered data\nand new data from UPF(s) [bs];
parallel m--m:Detach from old cell\nSynchronise to new cell [bs];
s->t:7a. EARLY STATUS\nTRANSER[ac];
s->t:7. SN STATUS TRANSFER[ac];
u=>s:User Data [au];
join s=>t [au];
t--t:Buffer User Data\nfrom Source gNB [bs];
m--t:8. RAN Handover Completion [br];
mark HEend;
t->s:8a. HANDOVER SUCCESS [ac];
s->t:8b. SN STATUS TRANSFER [ac]; 
u=>s:User Data [au];
join s=>t [au];
m<=>t:User Data [au];
join t=>u:User Data [au];
t->a:9. PATH SWITCH REQUEST [ac];
a--u:10. Path Switch in UPF(s) [br];
u=>s:End Marker [au];
join s=>t [au];
t<=>u:User Data [au];
a->t:11. PATH SWITCH REQUEST\nACKNOWLEDGE [ac];
t->s:12. UE CONTEXT RELEASE [ac];
mark HCend;
|||;

vertical brace HPstart->HPend:Handover Preparation [n1];
vertical brace HPend->HEend:Handover Execution [n1];
vertical brace HEend->HCend:Handover Completion [n1];
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