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Introduction
In RAN4#92bis meeting, the delay and interruption requirements had been discussed for handover with simultaneous Rx/Tx with source and target cells and the agreements has been captured in [1]. In this contribution, we provide the discussion on the handover requirements for DAPS based handover solution in NR.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]For simultaneous connectivity handover, the followings agreements have been achieved in [1].
	Definition of HO delay will be split into two parts:
· Delay (1): from HO command to PRACH preamble transmission
D1 = TRRC_procedure + Tsearch + TIU + TUE_process + T∆
Definitions of each term is same as that in the existing handover RRM requirements. Corresponding interruption in delay (1):
· For intra-frequency: 
Case 1 (BWsource ≠ BWtarget): FFS and reuse existing [DCI based BWP switching delay] requirement as starting point. Companies are encouraged to provide analysis on interruption time associated with different UE Rx/Tx architecture.
Case 2 (BWsource = BWtarget): FFS 
· For inter-frequency: reuse existing NR PSCell/SCell addition interruption requirement, i.e. follow Table 8.2.4.2.1-1 for inter-band synchronous and Table 8.2.4.2.1-2 for intra-band synchronous (1 additional slot is allowed for asynchronous case in inter-band asynchronous ).

· Delay (2) on source release: Start point is FFS. Pending RAN2, existing PSCell release requirement can be reused if this is triggered by RRC


During simultaneous connectivity handover procedure, it was agreed that the handover delay has been split into two parts: Delay (1) and Delay (2). The handover requirements for two delays will be discussed in this section.
· Interruption to source cell for intra-frequency DAPS HO
The handover delay (1) has been defined as from HO command to PRACH preamble transmission, which is same as the definition of legacy handover. During handover delay (1), the interruption due to target cell addition has been agreed to reuse existing NR PSCell/SCell addition interruption requirements for inter-frequency scenarios. However, the interruption due to target cell addition need to be further studied for intra-frequency scenarios.
[bookmark: _GoBack]In last meeting, it has been identified to use the DCI based BWP switching delay requirements as starting point. The DCI based BWP switching delay includes RF re-tuning time or baseband parameter loading time. For intra-frequency DAPS HO, it is assumed that UE shares the same RF chain for source cell and target cell. According to the agreements in [1], the shared baseband for source cell and target cell is only feasible when the received timing difference is within (CP- margin for multipath propagation), which would strictly limit the intra-frequency DAPS HO deployment. So, the separate baseband for source cell and target cell can be considered as a typical UE implementation. The interruption time is allowed when UE needs to perform RF re-tuning for target cell addition. The DCI based BWP switching interruption requirements can be reused. When the target cell BWP is same as source cell BWP, UE does not need to perform RF re-tuning to cover target cell BWP and no interruption is allowed. When the target cell BWP is not same as source cell BWP, UE needs to perform RF re-tuning to cover target cell BWP, which causes an interruption to source cell.
Proposal 1: During DAPS HO delay (1), the interruption time due to target cell addition is up to Tinterrupt1:
· Intra-frequency deployment (BWPsource = BWPtarget)
Tinterrupt1 = 0ms
· Intra-frequency deployment (BWPsource ≠ BWPtarget)
Table 1: Tinterrupt1 for intra-frequency DAPS HO
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	NR Slot length (ms)
	Interruption length X (slotsnote 1)

	
	
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25 Note 2
	3

	Note 1:	The same SCS of source cell and target cell is assumed.
Note 2:	Both source cell and target cell is on FR1.


· Inter-frequency deployment
Table 2: Tinterrupt1 for inter-band inter-frequency DAPS HO
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	NR Slot length (ms) of source cell
	Tinterrupt1 (slots)

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	2
	3

	2 
	0.25Note 1
	5
	5

	3
	0.125 Note 2
	9
	9

	Note 1:	Either source cell or target cell is on FR1.
Note 2:	Target cell is on FR1


Table 3: Tinterrupt1 for intra-band inter-frequency sync DAPS HO
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	NR Slot length (ms)
	Interruption length (slot)

	0
	1
	1 + TSMTC_duration 

	1
	0.5
	2 + TSMTC_duration 

	2
	0.25 Note 1
	4 + TSMTC_duration 

	Note 1:	Either source cell or target cell is on FR1.
Note 2:	TSMTC_duration is the longest SMTC duration between source cell and target cell.



· Start point of Delay (2)
Currently, RAN2 achieved the following agreements on DAPS handover.
Agreements for LTE and NR
1 	UE switches the UL PDCP data transmission upon successful RACH procedure (Msg2 for CFRA or Msg4 for CBRA).  
2	The UE keeps the UL HARQ (re)transmission of the source link after UL data transmission switching to the target eNB.
3	When an uplink grant indicating the HARQ new transmission is received in the source link after UL data switching, the UE is expected to perform the corresponding UL transmission accordingly.
4	During Rel-16 RUDI handover, the UE only supports two links (i.e. the source MCG link and the target MCG link).

Agreements for NR
We do not support TDM pattern. 
We leave it up to network implementation how to coordinate UL scheduling.
For single UL transmission, we will not specify rules how UE handles which link to transmit if UL should be sent to both source and target.
It can be observed that UE need to maintain data transmissions with both source cell and target cell after the successful completion of the RACH to the target cell and before the release of the source cell.
[image: ] 
Figure 1: Example of DAPS Handover Procedure
According to RAN1 and RAN2 agreements, the DAPS handover procedure can be shown in Figure 1. UE receives a DAPS-based handover command at time point A, UE shall start to perform RRC procedure for target cell. UE transmits the initial PRACH at time point B and successfully completes RACH procedure at time point C. Upon successful RACH procedure, the UE needs to keep the UL HARQ (re)transmission of the source link until receiving the indication to release source cell. Then, UE shall perform source cell release after receiving the indication. Hence, the starting point of delay (2) can be define as the time UE receives the indication of source cell release after successful RACH procedure of target cell. However, how to indicate the release of source cell has not been concluded in RAN2. The processing time for source cell release depends on RAN2’s decision.
Proposal 2: The starting point of DAPS HO delay (2) can be defined as the time UE receives the indication of source cell release after successful RACH procedure of target cell.
· Interruption due to source cell release for Delay (2)
When source cell and target cell are inter-frequency, the interruption time due to source cell release could reuse existing NR PSCell/SCell release interruption requirements for synchronous scenarios, and 1 additional slot is allowed for asynchronous scenarios. For intra-frequency handover, the interruption time due to source cell also depends on whether UE needs to perform RF re-tuning. When the source cell BWP is not same as target cell BWP, UE needs to perform RF re-tuning to cover target cell BWP, which causes an interruption to source cell. Hence, the interruption requirements due to target cell addition can be reused for source cell release.
Proposal 3: During DAPS HO delay (2), the interruption time due to source cell release is up to Tinterrupt2 and the requirements on interruption time Tinterrupt1 for DAPS HO delay (1) can be reused for Tinterrupt2.

Conclusions
This contribution provides the discussion on the handover delay and interruption requirements for DAPS-based handover for NR mobility enhancements. The following are provided:
Proposal 1: During DAPS HO delay (1), the interruption time due to target cell addition is up to Tinterrupt1:
· Intra-frequency deployment (BWPsource = BWPtarget)
Tinterrupt1 = 0ms
· Intra-frequency deployment (BWPsource ≠ BWPtarget)
Table 1: Tinterrupt1 for intra-frequency DAPS HO
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	NR Slot length (ms)
	Interruption length X (slotsnote 1)

	
	
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25 Note 2
	3

	Note 1:	The same SCS of source cell and target cell is assumed.
Note 2:	Both source cell and target cell is on FR1.


· Inter-frequency deployment
Table 2: Tinterrupt1 for inter-band inter-frequency DAPS HO
	[image: ]
	NR Slot length (ms) of source cell
	Tinterrupt1 (slots)

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	2
	3

	2 
	0.25Note 1
	5
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	Note 1:	Either source cell or target cell is on FR1.
Note 2:	Target cell is on FR1


Table 3: Tinterrupt1 for intra-band inter-frequency sync DAPS HO
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	NR Slot length (ms)
	Interruption length (slot)

	0
	1
	1 + TSMTC_duration 

	1
	0.5
	2 + TSMTC_duration 

	2
	0.25 Note 1
	4 + TSMTC_duration 

	Note 1:	Either source cell or target cell is on FR1.
Note 2:	TSMTC_duration is the longest SMTC duration between source cell and target cell.



Proposal 2: The starting point of DAPS HO delay (2) can be defined as the time UE receives the indication of source cell release after successful RACH procedure of target cell.
Proposal 3: During DAPS HO delay (2), the interruption time due to source cell release is up to Tinterrupt2 and the requirements on interruption time Tinterrupt1 for DAPS HO delay (1) can be reused for Tinterrupt2.
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