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1. Introduction

In last RAN4 AH-1801 the requirement framework for interruption in EN-DC was endorsed in [1] for TS38.133 and [2] for TS36.133. However, the detailed interruption is not yet decided. In this contribution, we provide further discussion on the detailed requirements.
2. Discussion
2.1 Interruptions at transitions between active and non-active during DRX 

When NR PSCell is in non-DRX and LTE PCell is in DRX, interruptions on PSCell and the activated NR SCell if configured due to transitions from active to non-active and from non-active to active during LTE PCell DRX are allowed with up to [TBD] % probability of missed ACK/NACK when the configured LTE PCell DRX cycle is less than [TBD] ms, and [TBD] % probability of missed ACK/NACK is allowed when the configured LTE PCell DRX cycle is [TBD] ms or longer. 
Each interruption shall not exceed [TBD] slot. 
· Each interruption time
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UE may have two separated receivers with one for LTE and the other one for NR in EN-DC operation. Note that the two separated receivers may share the same power supply, crystal oscillator and other components. Thus switching on/off of one the receiver will cause interruption to the other one. In LTE this glitch is less than 1ms. Since the minimum scheduling unit is 1ms, the interruption is defined as 1ms in synchronous case in LTE.
As for NR, the slot is shorter than that of LTE in large numerology scenario. Thus the interruption can be specified in terms of slot, rather than in millisecond. The interruption caused by LTE DRX transition between active and non-active during DRX is shown above.  Note that the absolute interruption is independent of numerology in use. In our estimation around 400~500us is need. Depend on victim cell slot length, different interruption length will be defined as below: Additional 1 slot interruption will be caused in asynchronous scenario.
Table1: Interruption length caused by LTE
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	NR Slot length (ms)
	Interruption length X 

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3

	3
	0.125
	5


Proposal1: The interruption caused by LTE PCell to NR PSCell at transitions between active and non-active during DRX can be defined as Table 1.
Similarly, the interruption caused by NR to the LTE can also be derived. Thus the victim LTE interruption is 1ms for synchronous case and 2ms for asynchronous case.
Proposal2: The interruption caused by NR PSCell to LTE SCell at transitions between active and non-active during DRX should be 1ms plus 1 subframe for synchronous case and 2ms for asynchronous case.
2.2 Interruptions at SCell addition/release

If the NR PSCell is not in the same band as any of the SCells being added or released, the interruption would be the same as in table 1. 

If the NR PSCell is in the same band as any of the SCells being added or released, the interruption would be 5ms.
The 5ms is due to UE may use the same RF to measure both LTE and NR for intra band CA, thus UE needs to obtain a suitable analog gain for both LTE and NR. The 5ms interruption including gain searching and the worst case 3ms LTE MBSFN subframes which may not be used for gain searching. Since LTE and NR may share the same RF chain, the same interruption length will be for LTE and NR in intra CA case.

Table 2a: If NR PSCell is not in the same band as any of the LTE SCells being added or released
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	Aggressive LTE Cell Interruption (ms)
	Number of slot affected of Victim NR Cell

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	1
	1
	2

	2
	1
	3

	3
	1
	5


Table 2b: If NR PSCell is in the same band as any of the LTE SCells being added or released
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	Aggressive LTE Cell Interruption (ms)
	Number of slot affected of Victim NR Cell

	
	
	Sync
	Async

	0
	5
	5
	6

	1
	5
	10
	11

	2
	5
	21

	3
	5
	41


Proposal3: If the NR PSCell is not in the same band as any of the LTE SCells being added or released, the interruption would be 1 slot for synchronous case and 2 slots for asynchronous case. 

Proposal4: If the NR PSCell is in the same band as any of the LTE SCells being added or released, the interruption would be 5ms which counting possible LTE MBSFN subframes unavailable for analog gain searching in synchronous case. As for asynchronous case additional 1 slot is needed.
2.3 Interruptions at SCell activation/deactivation
The analysis is similar as SCell addition/release in section 2.2. For information, even in LTE DC interruption requirement the subframe allowed to be interrupted for SCell activation/deactivation is the same as SCell addition/release. Thus the same number of interruption slot is proposed.

Proposal5: the number of interruption slot allowed in SCell activation/deactivation is the same as that of SCell addition/release.
2.4 Others
There is still an editor’s note at the very beginning of TS38.133 section 8.2.1.2 mentioned that the requirement is calculated assuming 3 us cell phase synchronization requirement. Since this 3 us requirement was confirmed in last RAN4 #76 [3], the current editor’s note can be removed.
Proposal6: remove the editor’s note at the beginning of TS38.133 section 8.2.1.2 w.r.t to the cell phase synchronization requirements.
Another thing is that currently in interruption requirement when SCell is added/released and activated/deactivated, the allowed interruption time is differentiated considering different aggressor/victim cell (LTE or NR), as can be found in table 8.2.1.2.3-1 and 8.2.1.2.4-1 in TS38.133:

Table 8.2.1.2.3-1 Interruption length X1, Y1 and Y2 at SCell addition/Release
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	NR Slot length (ms)
	Interruption length X1 slot
	Interruption length Y1 slot
	Interruption length Y2 slot

	
	
	Sync
	Async
	Sync
	Async
	Sync
	Async

	0
	1
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	1
	0.5
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	2
	0.25
	TBD
	TBD
	TBD

	3
	0.125
	TBD
	TBD
	TBD


Table 8.2.1.2.4-1 Interruption length X2, Y3 and Y4 at SCell activation/deactivation
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	NR Slot length (ms)
	Interruption length X2 slot
	Interruption length Y3 slot
	Interruption length Y4 slot

	
	
	Sync
	Async
	Sync
	Async
	Sync
	Async

	0
	1
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	1
	0.5
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	2
	0.25
	TBD
	TBD
	TBD

	3
	0.125
	TBD
	TBD
	TBD


Y1 and Y3 apply when the aggressor cell is an E-UTRAN SCell, while Y2 and Y4 apply when the aggressor cell is a NR cell.

The argument behind current structure is that the AGC algorithm is not the same for the case where NR is the aggressor and NR is also the victim. It would not be feasible to wait on the NR SSB (can be up to 160ms considering the maximum periodicity) to adjust the AGC. However, SSB is not the only signal that can be used to do the AGC adjustment. For instance, RAN1 had already confirm that UE can always expect TRS in connected mode. It means once network decides to enable carrier aggregation for the UE, it should provide TRS specifically for the UE, which can also be used for AGC adjustment. Moreover, to converge on the analog AGC gain the signal for other UE from the same SCell can also be used. In short, UE doesn’t necessarily need to wait for the SSB for analog AGC adjustment. Thus, we propose not to distinguish requirement for the cases of different aggressor cell.
Proposal7: no need to distinguish interruption length for different aggressor cells.
3. Conclusions
In this contribution we provide further discussion on interruption requirements for EN-DC. After discussion, the following proposals are made:
Proposal1: The interruption caused by LTE PCell to NR PSCell at transitions between active and non-active during DRX can be defined as Table 1.
Proposal2: The interruption caused by NR PSCell to LTE SCell at transitions between active and non-active during DRX should be 1ms plus 1 subframe for synchronous case and 2ms for asynchronous case.
Proposal3: If the NR PSCell is not in the same band as any of the LTE SCells being added or released, the interruption would be 1 slot for synchronous case and 2 slots for asynchronous case. 

Proposal4: If the NR PSCell is in the same band as any of the LTE SCells being added or released, the interruption would be 5ms which counting possible LTE MBSFN subframes unavailable for analog gain searching in synchronous case. As for asynchronous case additional 1 slot is needed.

Proposal5: the number of interruption slot allowed in SCell activation/deactivation is the same as that of SCell addition/release.
Proposal6: remove the editor’s note at the beginning of TS38.133 section 8.2.1.2 w.r.t to the cell phase synchronization requirements. 
Proposal7: no need to distinguish interruption length for different aggressor cells.
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