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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #94 meeting, companies agreed the WF of dual active protocol stack (DAPS) handover [1]:
	Agreements for DAPS Handover
· Issue 1-1: Interruption in intra-frequency DAPS HO: 
	
	NR Slot length (ms)
	Interruption length X (slotsnote 1)

	0
	1
	[1]

	1
	0.5
	[2]

	2
	0.25 Note 2
	[X]

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



       X value:
· Option 1: 3 (slots)
· Option 2: 4 (slots)

· Issue 1-2: power imbalance: 
Companies are encouraged to provide further analysis on side condition of power imbalance for intra-frequency DAPS HO.

· Issue 1-3: When CBW relationship is different from that of BWP:
No requirements for CBW relationship is different from that of BWP

· Issue 1-4: Restriction on BWP for inter-frequency DAPS HO:
RAN4 will not define requirement for the case where the BWP of target cell is partial overlapped with the BWP of source cell in frequency domain.

· Issue 1-5: Requirement for inter-FR DAPS HO:
Both FR1-FR2 and FR2-FR1 DAPS handover requirements need to be standardized.

· Other issue: Synchronization assumption:
Companies are encouraged to provide analysis on if requirement for intra-frequency DAPS handover are only applied for synchronous case




In this paper, we evaluate the interruption time of intra-frequency DAPS handover that UE needs. The definitions of intra-frequency DAPS handover and power imbalance limitation are also clarified. Furthermore, considering the current RAN4 workload is already high, we prefer to focus on requirement of synchronous case only in Rel-16.
2	Discussion 
In last meeting, companies agreed to down select the interruption length for intra-frequency DAPS handover without RF retuning from 2 options: option 1 is 0.75ms and option 2 is 1 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. The 0.75ms interruption time will be too tight for the UE. Therefore, we prefer to use option 2 to specify the interruption length of intra-frequency DAPS handover without RF retuning 
[bookmark: _Ref32584625]Proposal 1: RAN4 to use 1ms as the interruption length of intra-frequency DAPS handover when UE does not need to adjust its RF bandwidth

One thing that RAN4 also needs to clarify is the definition of intra-frequency DAPS handover. It is straightforward that RAN4 to reuse the concept of intra-frequency measurement to define the intra-frequency DAPS handover. However, the definition of intra-frequency measurement can only guarantee that source cell’s SSB and target cell’s SSB have the same centre frequency and SCS. UE might still not be able to achieve the so-called simultaneous reception/transition if source cell’s active DL/UP BWP and target cell’s active DL/UP BWP are not overlapping. Therefore, an extra condition should be introduced and we propose that
[bookmark: _Ref36761423]Proposal 2: The intra-frequency DAPS handover can only be achieved when following 3 conditions are fulfilled: the SSB centre frequencies of serving cell and target cell , the SSB subcarrier spacings of serving cell and target cell, and active DL/UP BWPs of serving cell and target cell are all the same 

Regarding the side condition of power imbalance for intra-frequency DAPS handover, some clarifications are needed before RAN4 determines the power imbalance value. In last meeting, companies have different views on the meaning of this power imbalance limit and whether it should apply on SSB or on active DL BWP. We provide our own views to these questions. To our understanding, as we explained in the definition part, the whole intra-frequency DAPS handover procedure involves SSB and active DL BWP. Therefore, we think that both the condition of target cell SSB Es/Iot≥[-2] dB (if the target cell is unknown to UE) and the PDSCH power imbalance limitation should be introduced. If the power imbalance exceeds the specified limitation, then UE is allowed to have longer interruption time or throughput reduction. 
[bookmark: _Ref36761442]Proposal 3: RAN4 to clarify that both the SSB SNR threshold of target cell and the PDSCH power imbalance limitation of source and target cells should be introduced as the side conditions for the intra-frequency DAPS handover interruption requirement
[bookmark: _Ref36761444]Proposal 4: UE is allowed to have longer interruption time or throughput reduction, if the power imbalance exceeds the specified limitation 

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 lower 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][bookmark: _Ref36761445]Proposal 5: 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 reached consensus that no requirements when CBW relationship is different from that of BWP. Besides, RAN1 already agreed in #99 meeting that UE is not expected to meet requirement if the active DL/UL BWP of target cell is not confined within that of source cell. 
[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

]


As shown in Figure 2, now RAN4 can confirm that interruption length of intra-frequency DAPS handover during Delay (1) does not include the RF retuning time, whereas the interruption length of intra-frequency DAPS handover during Delay (2) might include or not include the RF retuning time depends on whether CBW and BWP of source cell are the same as those of target cell. 
[bookmark: _Ref36761447]Proposal 6: RAN4 only specifies interruption length of intra-frequency DAPS handover when RF retuning time is not needed during Delay (1), whereas the interruption length of intra-frequency DAPS handover during Delay (2) might still need to consider the RF retuning time

[image: ]
[bookmark: _Ref32594859]Figure 2: Scenarios that RAN4 will specify the corresponding interruption length of intra-frequency DAPS handover 

[bookmark: _Ref32598356]The final issue we would like to discuss is whether RAN4 should specify the requirement of intra-frequency DAPS handover for asynchronous case. In DAPS handover, UE might need to adjust its AGC gain frequently during the whole DAPS handover procedure. As shown in Figure 3, the data reception of source cell will be interrupted if UE conduct the AGC gain tuning within the CP of target cell, whereas the data reception of target cell will be interrupted if UE conduct the AGC gain tuning within the CP of source cell. However, how many slots will be interrupted depends on the cell coverage range, UE speed, etc. It seems that many factors should be considered. Considering that RAN4 workload for R16 is already high, we prefer not to specify requirement for asynchronous case.   
[bookmark: _Ref36761448]Proposal 7: RAN4 not to specify the requirement of intra-frequency DAPS handover for asynchronous case

[image: ]
[bookmark: _Ref36760154]Figure 3: Intra-frequency DAPS handover for asynchronous case

3	Summary 
In this contribution, we have the following proposals:
Proposal 1: RAN4 to use 1ms as the interruption length of intra-frequency DAPS handover when UE does not need to adjust its RF bandwidth
Proposal 2: The intra-frequency DAPS handover can only be achieved when following 3 conditions are fulfilled: the SSB centre frequencies of serving cell and target cell , the SSB subcarrier spacings of serving cell and target cell, and active DL/UP BWPs of serving cell and target cell are all the same
Proposal 3: RAN4 to clarify that both the SSB SNR threshold of target cell and the PDSCH power imbalance limitation of source and target cells should be introduced as the side conditions for the intra-frequency DAPS handover
Proposal 4: UE is allowed to have longer interruption time or throughput reduction, if the power imbalance exceeds the specified limitation 
Proposal 5: RAN4 to decide the power imbalance between source cell and target cell for DAPS handover in the performance part discussion
Proposal 6: RAN4 only specifies interruption length of intra-frequency DAPS handover when RF retuning time is not needed during Delay (1), whereas the interruption length of intra-frequency DAPS handover during Delay (2) might still need to consider the RF retuning time
Proposal 7: RAN4 not to specify the requirement of intra-frequency DAPS handover for asynchronous case
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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    


