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1 Introduction
In this contribution, we discuss the interruption scenarios for NSA operation, considering LTE PCell + NR PSCell with possible carrier aggregation on both LTE and NSA. Based on our earlier analysis we believe the scenarios are different for mm-wave and sub 6 NR.
2 Discussion
Interruptions to active serving cells may occur when another carer or RF chain is started, stopped, or reconfigured. Some of the previous RF scenarios in which RAN4 has allowed interruptions include
· To allow the baseband to be reconfigured to receive some signal other than the serving cell PDCCH/PDSCH

· To allow the LO setting of a carrier being received to be changed

· To allow the BW of a carrier being received to be changed

· To allow for transients caused by another activity on the same receive IC.

We have discussed earlier that we think it is rather likely that sub 6GHz RFICs will in future support both LTE and NR operation, so specifications should allow for the possibility that LTE and sub 6GHz NR RF is implemented on the same RFIC in dual connectivity. On the other hand, mm-wave receivers need to be located physically close to the antenna and are likely to employ different technology such as superhet receivers with an IF rather than the direct conversion receivers that would be used on sub 6Ghz bands. Therefore, it seems unlikely that LTE and mm wave NR RF will be implemented on the same RFIC

Proposal 1 : RAN4 specifications should assume that LTE and sub 6GHz NR receivers may be implemented on the same RFIC

Proposal 2 : RAN4 specifications should assume that LTE and mm wave NR receivers will not be implemented on the same RFIC

For  LTE dual connectivity the interrupt framework allows for interruptions in the following scenarios:
·  Interruptions at PSCell addition/release
· Interruptions at transitions between active and non-active during DRX.
· Interruptions at transitions from non-DRX to DRX
· Interruptions at SCell addition/release
· Interruptions at SCell activation/deactivation
· Interruptions during measurements on SCC
To allow different consideration of cases where LTE radio and NR radio is the cause of the interruption, we split these cases as follows (which are represented by different paragraphs for the legacy requirements – there are no new interruption scenarios considered).

· Interruptions at PSCell addition/release
· Interruptions at transitions between active and non-active during DRX.
· PSCell transitioning between active and inactive
· PCell transitioning between active and inactive
· Interruptions at transitions from non-DRX to DRX
· PSCell transitioning from non-DRX to DRX
· PCell transitioning from non DRX to DRX
· Interruptions at SCell addition/release
· SCell added/released from MCG
· SCell added/released from SCG
· Interruptions at SCell activation/deactivation
· SCell activated/deactivated from MCG
· SCell activated/deactivated from SCG
· Interruptions during measurements on SCC
· Deactivated SCell making measurements from MCG
· Deactivated SCell making measurements from SCG
In the following tables, we analyse the interruption impact, with consideration of the cause of the interrupt and the victim(s) of the interrupt. For NR DRX and CA, we assume a similar concept as LTE carrier aggregation, namely that LTE (PCell) and NR (PSCell) may be configured with different DRX cycles and perform DRX independently, but that NR SCell use the same DRX cycle as the NR PSCell. We also assume that there is no scenario where LTE and NR are received simultaneously by the same RF chain since our assumption is that the DC UE cannot receive LTE and NR with a single FFT due to the potentially different numerologies involved and the different signal characteristics.
We also assume that in NR release 15, there may be SCells in the MCG (LTE) but on NR there is only a PSCell and no SCG SCells.
Analysis For LTE+ sub6 NR 

	Scenario
	Cause of interrupt
	Victim(s) of interrupt
	Discussion and comments

	Interruptions at PSCell addition/release

	NR PSCell
	LTE PCell and LTE MCG SCells
	In this scenario, the PSCell to be added or released will be an NR cell, and the victim cell(s) for the interruption will be LTE PCell and any active SCells in the (LTE) MCG. If LTE is operating with 1ms TTI we expect 1ms interruption, but the interruption could be shorter if LTE PCell or MCG SCells are operating with sTTI

	Interruptions at transitions between active and non-active during PSCell DRX.
	NR PSCell
	LTE PCell and LTE MCG SCells
	In this scenario, the PSCell is transitioning between active and inactive due to a DRX cycle and the LTE PCell is in non DRX. The victim is the LTE PCell and any active SCells in the (LTE) MCG. For this scenario, the NR part of the UE is expected to manage the interruptions so that they do not cause more than a certain percentage missed ACK/NACK rate which may depend on NR DRX cycle length. The UE can avoid interruptions as needed to reach the specified interruption rate at the expense of power consumption. While NR DRX concept is not completely clear, it would seem that as the victim radio is LTE, the existing interruption rates (up to 1 % probability of missed ACK/NACK when the configured PCell DRX cycle is less than 640 ms, and 0.625% probability of missed ACK/NACK is allowed when the configured PCell DRX cycle is 640 ms or longer) could be reused.

	Interruptions at transitions between active and non-active during PCell DRX.
	LTE PCell
	NR PSCell
	In this scenario, the PCell is transitioning between active and inactive due to a DRX cycle and the NR PSCell is in non DRX. The victim is the NR PSCell. For this scenario, the LTE part of the UE is expected to manage the interruptions so that they do not cause more than a certain percentage missed ACK/NACK rate which may depend on NR DRX cycle length. The UE can avoid interruptions as needed to reach the specified interruption rate at the expense of power consumption. Allowed interruption rate needs further study although the LTE allowed interruption rates may provide a good starting point. 

	Interruptions at transitions between active and non-active PCell and PSCell both in DRX
	LTE PCell and NR PSCell
	None
	Although the LTE and NR DRX cycle durations may be different, interruptions should not be allowed I this scenario, similarly to LTE dual connectivity

	Interruptions at transitions from non-DRX to DRX of SCG
	NR PSCell
	LTE PCell and LTE MCG SCells
	In this scenario, the NR radio(s) transition from non DRX to DRX. The victim of the interruptions is the LTE PCell and all LTE SCell. If LTE is operating with 1ms TTI we expect 1ms interruption, but the interruption could be shorter if LTE PCell or MCG SCells are operating with sTTI

	Interruptions at transitions from non-DRX to DRX of MCG
	LTE PCell
	NR PSCell 
	In this scenario, the LTE radio(s) transition from non DRX to DRX. The victim of the interruptions is the NR PSCell. The duration of the interruption needs to be evaluated (e.g. in uS) and specified in terms of NR slots/mini-slots.

	Interruptions at SCell addition/release, SCell added to MCG
	LTE MCG SCell
	LTE PCell, LTE MCG SCells, NR PSCell, NR SCG SCells
	In this scenario, an LTE SCell is added, and both LTE PCell and all active MCG SCells and NR PSCell and all active SGC SCells may be victims. Interruption impact to LTE would be the same as legacy requirement since an LTE SCell is being added. Interruption duration for NR interruption needs to be evaluated (eg in uS) and specified in terms of NR slots/mini-slots. Asynchronous operation between LTE and NR needs to be accounted for in the PSCell interruption.

	Interruptions at SCell addition/release, SCell added to SCG
	N/A
	N/A
	Not applicable in release 15 

	Interruptions at SCell activation/deactivation, MCG SCell activated
	LTE MCG SCell
	LTE PCell, LTE MCG SCells, NR PSCell
	In this scenario, an LTE SCell is activated, and both LTE PCell and all active MCG SCells and NR PSCell may be victims. Interruption impact to LTE would be the same as legacy requirement since an LTE SCell is being activated. Interruption duration for NR interruption needs to be evaluated (eg in uS) and specified in terms of NR slots/mini-slots. Asynchronous operation between LTE and NR needs to be accounted for in the PSCell interruption.

	Interruptions at SCell addition/release, SCG SCell activated
	N/A
	N/A
	Not applicable in release 15

	Interruptions during measurements on deactivated MCG Scell


	LTE deactivated MCG SCell
	LTE PCell, LTE MCG SCells, NR PSCell, NR SCG SCells
	In this scenario, a deactivated LTE SCell is causing interruption due to its measurement activities. Interruption to the PCell and active MCG SCells should be the same as legacy since the interruption is caused by an LTE deactivated SCell. Interruptions to the NR PSCell should be evaluated from a duration perspective, and specified in terms of NR slots/mini-slots. Asynchronous operation between LTE and NR needs to be accounted for in the PSCell interruption. Allowed HARQ missed ACK/NACK to NR could potentially be reused from LTE (subject to further checking)

	Interruptions during measurements on deactivated SCG Scell


	N/A
	N/A
	Not applicable in release 15 


Table 1 : Analysis of interruption scenarios for LTE PCell + LTE MCG, NR sub 6 PSCell + NR sub 6 SCG

Analysis For LTE+ mm wave NR 
	Scenario
	Cause of interrupt
	Victim(s) of interrupt
	Discussion and comments

	Interruptions at PSCell addition/release

	NR PSCell
	None
	No interruption should occur in this scenario if NR and LTE are assumed to be implemented on different RFICs.

	Interruptions at transitions between active and non-active during PCell DRX.
	NR PSCell
	None
	 No interruption should occur in this scenario if NR and LTE are assumed to be implemented on different RFICs.

	Interruptions at transitions between active and non-active during PSCell DRX.
	LTE PCell
	None
	No interruption should occur in this scenario if NR and LTE are assumed to be implemented on different RFICs.

	Interruptions at transitions between active and non-active PCell and PSCell both in DRX
	LTE PCell and NR PSCell
	None
	Although the LTE and NR DRX cycle durations may be different, interruptions should not be allowed I this scenario, similarly to LTE dual connectivity

	Interruptions at transitions from non-DRX to DRX of SCG
	NR PSCell
	None
	No interruption should occur in this scenario if NR and LTE are assumed to be implemented on different RFICs.

	Interruptions at transitions from non-DRX to DRX of MCG
	LTE PCell
	None
	No interruption should occur in this scenario if NR and LTE are assumed to be implemented on different RFICs.

	Interruptions at SCell addition/release, SCell added to MCG
	LTE MCG SCell
	LTE PCell, LTE MCG SCells
	In this scenario, an LTE SCell is added, and both LTE PCell and all active MCG SCells may be victims. Interruption impact to LTE would be the same as legacy requirement since an LTE SCell is being added. No interruption should occur to the NR PSCell or NR SCells in this scenario if NR and LTE are assumed to be implemented on different RFICs.

	Interruptions at SCell addition/release, SCell added to SCG
	NR SCG SCell
	N/A
	Not applicable in release 15 

	Interruptions at SCell activation/deactivation, MCG SCell activated
	LTE MCG SCell
	LTE PCell, LTE MCG SCells
	In this scenario, an LTE SCell is activated, and both LTE PCell and all active MCG SCells may be victims. Interruption impact to LTE would be the same as legacy requirement since an LTE SCell is being added. No interruption should occur to the NR PSCell or NR SCells in this scenario if NR and LTE are assumed to be implemented on different RFICs.

	Interruptions at SCell addition/release, SCG SCell activated
	NR SCG SCell
	N/A
	Not applicable in release 15 

	Interruptions during measurements on deactivated MCG Scell


	LTE deactivated MCG SCell
	LTE PCell, LTE MCG SCells
	In this scenario, a deactivated LTE SCell is causing interruption due to its measurement activities. Interruption to the PCell and active MCG SCells should be the same as legacy since the interruption is caused by an LTE deactivated SCell. No interruption should occur to the NR PSCell or NR SCells in this scenario if NR and LTE are assumed to be implemented on different RFICs.

	Interruptions during measurements on deactivated SCG Scell


	NR deactivated SCG SCell
	N/A
	Not applicable in release 15


Table 2 : Analysis of interruption scenarios for LTE PCell + LTE MCG, NR sub 6 PSCell + NR sub 6 SCG

3 Conclusions

In this contribution, we analyse interruption impact of LTE + NR dual connectivity by considering the extension of the existing DC interruption framework for both LTE + sub6 NR and LTE+mm wave NR. We propose
Proposal 1 : RAN4 specifications should assume that LTE and sub 6GHz NR receivers may be implemented on the same RFIC

Proposal 2 : RAN4 specifications should assume that LTE and mm wave NR receivers will not be implemented on the same RFIC

Tables 1 and 2 in the contribution provide interruption analysis for sub6 NR and mm-wave NR respectively. 
