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1	Introduction
In the last RAN4#94-e-bis meeting, RAN4 had extensively discussion on interruption, delay and side condition for DAPS handover, with agreement captured in the ad-hoc minutes [1] and the approved WF [2]. However, there are still some open issues left. In this contribution, we further discuss the issues and provide corresponding proposals. 
2	Discussion
For information, here we duplicate the interruption related progress in the last RAN4 #94-e:
Interruption during Delay (1):
	· Issue 1-1: Interruption in intra-frequency DAPS HO D1 for 60KHz
Agreement: 4 slots
· Issue 1-2: interruption when UL Tx overlap in time
Agreement: no need to capture this in RAN4 specification since corresponding UE behaviour has already been captured in RAN1 specification.
· Issue 1-3: different interruption during Delay (1) and (2)
Agreement: different interruption during Delay (1) and (2) has already been considered and reflected in existing specification. RAN4 will not revisit previous agreement
· Issue 1-4: Power imbalance in side condition for interruption requirements
Agreement: RAN4 will not capture side condition of power imbalance in core requirement. The issue can be discussed in performance part.
· Issue 1-8: RRM measurement during DAPS handover:
Agreement: it is up to UE implementation whether to perform RRM measurement on the frequencies of source cell and target cell during DAPS handover procedure.

· Side condition for sync DAPS HO regarding MRTD/MTTD at UE side is to be introduced. If side condition is not met, async DAPS HO is assumed.
· The followings will be decided in RAN4#-95-e
· Whether the existing interruption requirements for intra-frequency DAPS HO are only applied for sync scenario.
· Whether the existing interruption requirements for intra-band inter-frequency DAPS HO are only applied for sync scenario.

· Side condition for intra-frequency sync DAPS HO:
· UE which only support sync DAPS HO shall meet existing DAPS HO requirement as long as:
· Option 1: it is assumed that source and target cells are co-located.
· 3 us MRTD and 5.21 us MTTD between source and target cells is not exceeded: 
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
· Option 2: it is assumed that source and target cells can be non-co-located.
· 33 us MRTD and 34.6 us MTTD between source and target cells is not exceeded
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
· Option 3: specify “Tight Sync” and “Loose Sync” for sync DAPS handover capabilities.
· Tight Sync : 3 us MRTD and 5.21 us MTTD between source and target cells is not exceeded: 
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot. 
· Loose Sync : 33 us MRTD and 34.6 us MTTD between source and target cells is not exceeded
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
· Side condition for intra-band inter-frequency sync DAPS HO:
· UE which only support sync DAPS HO shall meet existing DAPS HO requirement as long as:
· Option 1: it is assumed that source and target cells are co-located.
· 3 us MRTD and 5.21 us MTTD between source and target cells is not exceeded:
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
· Option 2: it is assumed that source and target cells can be non-co-located.
· 33 us MRTD and 34.6 us MTTD between source and target cells is not exceeded
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
· Option 3: specify “Tight Sync” and “Loose Sync” for sync DAPS handover capabilities.
· Tight Sync : 3 us MRTD and 5.21 us MTTD between source and target cells is not exceeded: 
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot. 
· Loose Sync : 33 us MRTD and 34.6 us MTTD between source and target cells is not exceeded
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.

· Side condition for FR1-FR1 inter-band sync DAPS HO:
· UE which only support sync DAPS HO shall meet existing DAPS HO requirement as long as:
· maximum of 33 us MRTD and 34.6 us MTTD between source and target cells is not exceeded.
· Side condition for FR1-FR2 inter-band sync DAPS HO:
· UE which only support sync DAPS HO shall meet existing DAPS HO requirement as long as:
· maximum of 25 us MRTD and 26.1 us MTTD between source and target cells is not exceeded.

· Other conditions for intra-frequency DAPS HO:
Intra-frequency DAPS HO requirements apply only if
· the centre frequency of the SSB of the source cell and the centre frequency of the SSB of the target cell are the same, and 
· the subcarrier spacing of the two SSBs are also the same
· the active BWP of source cell contains the initial BWP of source cell.
· the active BWP of target cell contains the initial BWP of target cell.
· active DL/UP BWPs of target cell is confined within the active DL/UL BWPs of source cell



The first open issue is whether existing DAPS HO interruption requirements can apply for sync only or both sync and async:
· Whether the existing interruption requirements for intra-frequency DAPS HO are only applied for sync scenario.
· Whether the existing interruption requirements for intra-band inter-frequency DAPS HO are only applied for sync scenario.
Existing interruption requirement for intra-frequency DAPS can be found in TS38.133 section 6.1.3.2.2 (take Tinterrupt1 for example)
Table 6.1.3.2.2-1: Tinterrupt1 for FR1-to-FR1 intra-frequency DAPS HO
	[image: ]
	NR Slot length (ms)
	Interruption length X (slotsNote 1)

	
	
	

	0
	1
	[1]

	1
	0.5
	[2]

	2
	0.25
	[4]

	Note 1:	The same SCS of source cell and target cell is assumed.
Note 2:	It is assumed that the BWP of target cell is not larger than the BWP of source cell. It is assumed that the CBW of target cell is not larger than the CBW of source cell
Note 3:	Void


The interruption is allowed since in some implementation UE needs to turn on additional baseband module and other component to handle data reception/transmission for the target cell. These operations may cause some glitch to the serving cell. Note that the above interruption length was agreed in a quite general way – it was not mentioned whether it applies for sync only or for both sync and async. In the last RAN4#94-e-bis, some companies mentioned in [1] that UE may cause more interruption in async scenario. In our view that’s true if we put a sync only capable UE under async scenario, due to limited processing capability. However, if the UE is an async capable UE, in our view it may not cause more interruption then that defined in table 6.1.3.2.2-1 since we assume async capable UE should have stronger processing capability. Only interruption due to switching on additional modules should be enough and no interruption due to baseband processing is needed. From baseband processing perspective, this is similar with async DC even though PCell and PSCell may be on different carriers. No additional interruption is allowed for baseband processing in async DC.
Proposal 1: existing interruption requirements for intra-frequency DAPS HO are applied for both sync and async scenarios.
Proposal 2: existing interruption requirements for intra-band inter-frequency DAPS HO are applied for both sync and async scenarios.
It is straightforward to observe that:
Observation 1: UE which only supports sync DAPS HO shall existing DAPS HO requirements as long as the condition for sync scenario is met.

Then we need to address the next open issue, i.e. what is condition for sync scenario. Starting from intra-frequency scenario, we have three options on the table:
· Option 1: it is assumed that source and target cells are co-located.
· 3 us MRTD and 5.21 us MTTD between source and target cells is not exceeded: 
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
· Option 2: it is assumed that source and target cells can be non-co-located.
· 33 us MRTD and 34.6 us MTTD between source and target cells is not exceeded
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
· Option 3: specify “Tight Sync” and “Loose Sync” for sync DAPS handover capabilities.
· Tight Sync : 3 us MRTD and 5.21 us MTTD between source and target cells is not exceeded: 
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot. 
To highlight our view, our first preference is option 1 and we can compromise to option 3. As for option 2, we don’t think it is a practical demand. 30+us MRTD/MTTD means when HO happens, the one of these two cells is 9km farther from UE than the other one. This 30+us is borrowed from CA/DC requirement. Note that in CA/DC 30+us is calculated assuming UE is in the center of one serving cell and it is 9km away from another serving cell. However, this is not the typical place where DAPS HO happens. HO typically happens in the overlapped area. We don’t think it is realistic from network deployment perspective to assume 30+us MRTD/MTTD in the overlapped area. 
From UE perspective, if the MRTD/MTTD exceed the CP duration, UE can hardly handle this using single FFT. Even for option 1, 3us is also greater than CP length of 30KHz and 60KHz SCS. Since 3us is the maximum synchronization error at network side, it is not suitable to define sync condition for DAPS HO as something smaller than 3us. That’s why we believe the Note under this option makes sense, i.e. if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot. We agree that option 1 may have some restriction at network side, i.e. network shall not trigger DAPS HO for sync only capable UE if the condition of sync is not met. This means sync only capable UE is only able to conduct DAPS HO for co-located and small cell scenario (not necessarily limited to co-located case because 1) with GPS some gNB can do better than 3us; 2) 3us is assumed at overlapped area, which means as long as the propagation delay difference is relatively small DAPS HO is also possible even with some sync error at network side). However, we believe this is still better than option 2 from feature usefulness perspective. If we force all UE to meet 30+us then UE with single FFT may have to claim NOT support this feature.
Observation 2: option 2 (30+us MRTD/MTTD) aims to increase the usefulness of DAPS HO. However, the consequence may go in opposite direction, since UE with single FFT may have to claim NOT support this feature.
Option 3 is some midground between option 1 and 2, although we doubt there would quite a lot of UE will be designed specifically to meet “loose sync” requirement. Allowing UE to indicate support of “tight sync” can make can feature possible for single FFT UE at least for certain scenario even though the use case may be limited. 
Proposal 3: option 1 for side condition for intra-frequency sync DAPS HO:
UE which only support sync DAPS HO shall meet existing DAPS HO requirement as long as: 3 us MRTD and 5.21 us MTTD between source and target cells is not exceeded. 
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
Proposal 4: option 1 for side condition for intra-band inter-frequency sync DAPS HO:
UE which only support sync DAPS HO shall meet existing DAPS HO requirement as long as: 3 us MRTD and 5.21 us MTTD between source and target cells is not exceeded.
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.

Another thing is about RAN1 LS in [3].
	RAN1 has discussed implication of UE receiver implementation from support of simultaneous reception of DL signals/channels that are overlapping in time only (and does not overlap in frequency) and in time and frequency for intra-frequency DAPS HO. 

Due to the concerns of mandating advanced receivers in specific scenarios (e.g. when DL signals/channels overlap in time and frequency) for intra-frequency DAPS HO, RAN1 has agreed to the following:

Agreement:
· RAN1 assumes the UE is not required to use interference cancellation based receiver to receive a PDCCH and/or a PDSCH from both a source and a target cell in resources that overlap in time and frequency. Whether and how to define requirement would be up to RAN4.

Please note that RAN1 assumes that it is up to gNB to correctly configure MCS and resources to combat for interference in receiving signals during DAPS HO.

RAN1 would like to kindly ask RAN4 to consider the above in their further work and if needed, let RAN1 know if there are any issues with the agreement.


In general, we support RAN1 conclusion. Regarding how to define requirement in RAN4, in our view this is more like demodulation performance. We don’t think it is worthwhile to develop demodulation test for this transitory period. On the other hand, impact on demodulation specification is NOT in the scope of this work item. In RRM test we can at most verify missing ACK/NACK according to interruption requirement. However, to make sure the interruption requirement is correctly verified, RAN4 usually use low MCK to avoid additional “interruption” due to demodulation error. Thus, this may not be even reflected in RRM test.
Proposal 5: RAN1 assumption is rational to RAN4. However, RAN4 will not define corresponding requirement.
3	Conclusion
In this contribution we provide further discussion on DAPS handover. After discussion the following conclusions are provided:
Proposal 1: existing interruption requirements for intra-frequency DAPS HO are applied for both sync and async scenarios.
Proposal 2: existing interruption requirements for intra-band inter-frequency DAPS HO are applied for both sync and async scenarios.
Observation 1: UE which only supports sync DAPS HO shall existing DAPS HO requirements as long as the condition for sync scenario is met.
Observation 2: option 2 (30+us MRTD/MTTD) aims to increase the usefulness of DAPS HO. However, the consequence may go in opposite direction, since UE with single FFT may have to claim NOT support this feature.
Proposal 3: option 1 for side condition for intra-frequency sync DAPS HO:
UE which only support sync DAPS HO shall meet existing DAPS HO requirement as long as: 3 us MRTD and 5.21 us MTTD between source and target cells is not exceeded. 
Note: If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
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