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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #93 meeting, companies agreed the WF of dual active protocol stack (DAPS) handover [1]:
	Agreements on DAPS HO interruption in Delay (1)
· Interruption for intra-frequency HO with BWsource ≥ BWtarget: 
· Option 1:
	
	NR Slot length (ms)
	Interruption length X (slotsnote 1)

	0
	1
	[1]

	1
	0.5
	[2]

	2
	0.25 Note 2
	[4]

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



       Side condition: power imbalance between the two cells should be within X dB. X is FFS

· Option 2:
	
	NR Slot length (ms)
	Interruption length X (slotsnote 1)

	0
	1
	[1]

	1
	0.5
	[1]

	2
	0.25 Note 2
	[2]

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



       Side condition: power imbalance between the two cells should be within X dB. X is FFS
· RAN4 assumes PRACH resource is contained in the configured BWP in target cell.
· FFS on the interruption requirement when the relationship between CBW of target and source cell is different the relationship between BWP of target and source cell. 

Agreements on DAPS HO interruption in Delay (2)
· Definition of delay (2):
· Starting point: D2 starts at the time UE receives the indication of source cell release. D2 is the same as NR PSCell release delay.
· Ending point: when the UE accomplish the release actions specified in TS 38.331
 
· Interruption on the target cell during delay (2):
· For BWsource = BWtarget 
· Interruption length is same as that in delay (1).
· Side condition: power imbalance between the two cells should be within X dB. X is FFS
· For BWsource > BWtarget 
· Interruption length is 2ms
· Side condition: power imbalance between the two cells should be within X dB. X is FFS

· From handover command until the source cell is successfully released (during the whole handover procedure), UE is not allowed to cause any other interruption except for the ones defined in delay (1) and (2).
· Note: in case simultaneous UL Tx is not supported, UE is allowed to cause more interruption to the source cell if UL transmissions of source and target cell overlap in time.


Companies are encouraged to provided analysis on:
· Interruption in DAPS HO D1 to down select from option 1 and option 2 in slide 2.
· Power imbalance between the source and target cells in DAPS intra-frequency HO side condition.
Conclusion on issues above will be made in RAN4#94.




In this paper, we discuss which options should be used for the interruption of intra-frequency DAPS handover and the factors that would impact the determination of the side condition. Furthermore, we also point out that the description of BWsource ≥ BWtarget is not clear yet. RAN4 should also clarify the definition.
2	Discussion 
In last meeting, companies agreed to down select the interruption length for intra-frequency DAPS handover with BWsource ≥ BWtarget during Delay(1) from 2 options: option 1 is 1ms and option 2 is 0.5 ms. As we discussed, some baseband and RF chain resources need to be re-allocated before UE can receive data from both source cell and target cell. Therefore, we prefer to use option 1 to specify the interruption length of intra-frequency DAPS handover during Delay (1) even if UE does not adjust its RF bandwidth 
[bookmark: _Ref32584625]Proposal 1: RAN4 to use 1ms as the interruption length of intra-frequency DAPS handover during Delay (1) even if UE does not adjust its RF bandwidth.

As for the side condition for interruption time, the power imbalance between source and target cells that UE can sustain is determined by several factors. As shown in Figure 1, given the Io value of the entire bandwidth, UE knows its RF dynamic range for the DAPS handover. However, to evaluate the power imbalance value, we also need to know the SNR range that UE has to support for the cell that has smaller SNR. There exist many factors that would impact this SNR value, e.g., MCS index, channel type, and target BLER. So it seems to us that these are parameters that RAN4 should decide in the performance part phase. So we suggest that
[bookmark: _Ref32584633]Proposal 2: RAN4 to decide the power imbalance between source cell and target cell for DAPS handover in the performance part discussion.      

[image: ]
[bookmark: _Ref23954988][bookmark: _Ref32579701]Figure 1: The power imbalance between source cell and target cell

In previous meeting, RAN4 deleted the cases for intra-frequency DAPS handover with BWsource < BWtarget, i.e., the source cell’s bandwidth is smaller than the target cell’s bandwidth, and UE has to retune its RF to receive data from both cells. However, the agreement shown as follows that RAN1 made in #99 meeting considers only BWP bandwidth and didn’t imply that the source cell’s channel bandwidth will always larger and equal to the target cell’s channel bandwidth.    
[image: Agreement:
• For intra-frequency DAPS HO, the UE expects that the active DL and UL BWP of target cell is confined within the active DL and UL BWP of the source cell respectively.
o Note: UE is not expected to meet any intra-frequency DAPS-HO related latency requirements if this condition is not met

]


According to the RAN1 agreement, the source cell’s channel bandwidth might still be smaller than the target cell’s channel bandwidth, even though the active DL/UL BWP of target cell is confined within the active DL/UL BWP of source cell. So we have to clarify the scenarios and conditions that UE might adjust its RF bandwidth for the intra-frequency DAPS handover. Based on the RAN4 previous consensus, whether UE adjusts it RF bandwidth according to CBW or BWP is a UE’s implementation issue. We believe that this principle should be considered as well when we discuss the DAPS handover interruption length
[bookmark: _Ref32607131][bookmark: _Ref32593644][bookmark: _Ref32598350][bookmark: _Ref32607164]Observation 1: In Rel-15 it is RAN4 consensus that adjusting RF bandwidth based on CBW or BWP is the UE’s implementation issue.
 
From UE perspective, the key factor that determines the need of RF bandwidth adjustment during Delay (1) for UE is whether the target bandwidth is confined within the source bandwidth. Here, the bandwidth can be either CBW or BWP, depending on UE implementation. In contrast, the key factor that determines the need of RF bandwidth adjustment during Delay (2) for UE is whether the source bandwidth is confined within the target bandwidth. The details can be found in Figure 2 and Figure 3. And we have the following observations
[bookmark: _Ref32598383]Observation 2: Key factor that determines the UE RF bandwidth adjustment during Delay (1) is whether the target bandwidth is confined within the source bandwidth. The bandwidth can be either CBW or BWP, depending on UE implementation.
[bookmark: _Ref32598388]Observation 3: Key factor that determines the UE RF bandwidth adjustment during Delay (2) is whether the source bandwidth is confined within the target bandwidth. The bandwidth can be either CBW or BWP, depending on UE implementation.

[image: ]
[bookmark: _Ref32594859]Figure 2: Key factor that determines the RF bandwidth adjustment during Delay (1)
[image: ]
[bookmark: _Ref32595202]Figure 3 : Key factor that determines the RF bandwidth adjustment during Delay (2)

We then further analysis DAPS handover interruption length under the assumption that principle of Observation 1 is in use. The scenarios, conditions and corresponding interruption lengths during Delay (1) are listed in Table 1, there are 4 cases if CBW and BWP are both taken into account. If we apply the principle “it is the UE’s implementation to adjust its RF bandwidth based on CBW or BWP” to specify the interruption length requirement, we can see that the RF retuning time during Delay (1) is needed if either one of the following condition is true
· “CBWtarget is NOT confined within CBWsource“ 
· “BWPtarget is NOT confined within BWPsource.” 
Similarly, the scenarios, conditions and corresponding interruption lengths during Delay (2) are listed in Table 2. The RF retuning time during Delay (2) is needed if either one of the following condition is true
· “CBWsource is NOT confined within CBWtarget“ 
· “BWPsource is NOT confined within BWPtarget.”    

[bookmark: _Ref32596171]Table 1: Scenarios, conditions and corresponding interruption lengths during Delay (1)
	case
	CBW
	BWP
	interruption during Delay (1)

	1
	CBWtarget is NOT confined within CBWsource
	BWPtarget is NOT confined within BWPsource
	RF retune

	2
	CBWtarget is NOT confined within CBWsource
	BWPtarget is confined within BWPsource
	RF retune

	3
	CBWtarget is confined within CBWsource
	BWPtarget is NOT confined within BWPsource
	RF retune

	4
	CBWtarget is confined within CBWsource
	BWPtarget is confined within BWPsource
	No needed



[bookmark: _Ref32596874]Table 2: Scenarios, conditions and corresponding interruption lengths during Delay (2)
	case
	CBW
	BWP
	interruption during Delay (2)

	1
	BWPsource is NOT confined within BWPtarget
	BWPsource is NOT confined within BWPtarget
	RF retune

	2
	BWPsource is NOT confined within BWPtarget
	BWPsource is confined within BWPtarget
	RF retune

	3
	BWPsource is confined within BWPtarget
	BWPsource is NOT confined within BWPtarget
	RF retune

	4
	BWPsource is confined within BWPtarget
	BWPsource is confined within BWPtarget
	No needed



As we known, case 1 and case 3 in Table 1 are already precluded in RAN1, so there are only 6 cases left. RAN4 can further check if we also need to preclude some of them. 
[bookmark: _Ref32598356]Proposal 3: RF retuning time during Delay (1) is needed if either one of the following condition is true
· CBWtarget is NOT confined within CBWsource 
· BWPtarget is NOT confined within BWPsource. 
Similarly, the RF retuning time during Delay (2) is needed if either one of the following condition is true
· CBWsource is NOT confined within CBWtarget 
· BWPsource is NOT confined within BWPtarget.
 
3	Summary 
In this contribution, we have the following observations:
Observation 1: In Rel-15 it is RAN4 consensus that adjusting RF bandwidth based on CBW or BWP is the UE’s implementation issue.
Observation 2: Key factor that determines the UE RF bandwidth adjustment during Delay (1) is whether the target bandwidth is confined within the source bandwidth. The bandwidth can be either CBW or BWP, depending on UE implementation.
Observation 3: Key factor that determines the UE RF bandwidth adjustment during Delay (2) is whether the source bandwidth is confined within the target bandwidth. The bandwidth can be either CBW or BWP, depending on UE implementation.

And we propose:
Proposal 1: RAN4 to use 1ms as the interruption length of intra-frequency DAPS handover during Delay (1) even if UE does not adjust its RF bandwidth
Proposal 2: RAN4 to decide the power imbalance between source cell and target cell for DAPS handover in the performance part discussion
Proposal 3: RF retuning time during Delay (1) is needed if either one of the following condition is true
· CBWtarget is NOT confined within CBWsource 
· BWPtarget is NOT confined within BWPsource. 
Similarly, the RF retuning time during Delay (2) is needed if either one of the following condition is true
· CBWsource is NOT confined within CBWtarget 
· BWPsource is NOT confined within BWPtarget.
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Agreement:      For  intra - frequency DAPS HO , the  UE expects that the active DL and UL BWP of target cell   is  confined within the active DL  and UL BWP of the source cell respectively .   o   Note:  UE is not expected to meet any intra - frequency DAPS - HO related latency requirements if t his condition is  not met    


