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1	Introduction
In the previous meetings, RAN4 has discussed interruptions for E-UTRA-NR dual connectivity. Latest updates were agreed to interruption requirements for 36.133 and 38.133 in the Athens meeting in [1] and [2]. However, interruption duration for some cases, especially when NR cell is the victim, is still open. In this contribution we discuss the interruption duration for both SA and NSA.
2	Interruptions and activation delays
Discussions have been ongoing for a number of meetings now related EN-DC and NR, and the UE requirements related to interruptions and activation delays. There are numerous scenarios where interruptions may happen especially when considering EN-DC. Additionally, new requirements are also needed for NR SA for both interruptions and activation delays.
During the discussions in the previous meetings it has seemed that the requirements related to interruption and activation have been mixed occasionally, and on some parts these requirements are related to each other. Thus, we would first like to clarify the concepts of interruption and SCell activation before going into the discussion about interruption durations.
Interruptions:
Interrupts may happen due to different procedures, but when discussing interrupts, these are caused by turning on/off another RF chain which causes distortion on an already active RF chain (inter-band) or due to change of BW and center frequency of active RF chain (intra-band).
Inter-band interrupts are rather short in time and do not lead to need of additional tracking on UE side after the interrupt. It can be seen as a loss of one or more slots.
[bookmark: _Hlk510680361]Intra-band interrupts are a bit longer in time than inter-band. Due to change of BW and center frequency an intra-band interrupt usually means that the UE needs some additional time for tracking on the ‘old’ cell after the RF adjustment – hence the increase in time.
[bookmark: _GoBack]LTE: intra-band interrupts in LTE are defined as 5ms. This is possible due to the continuous availability of PSS/SSS and CRS for any UE tracking needs.
NR: In NR it cannot be assumed that there will be tracking symbols available continuously and therefore it will likely not be possible to define a fixed interruption time in NR for intra-band case as known from LTE. The availability (or lack) of tracking symbols would need to be accounted.
Activation delay:
Activation delays follows once the RF adjustments has taken place (i.e. after the interrupts) and applies for the activated SCell. Activation delays are in LTE caused by the UE need to perform RRM and demodulation related actions (AGC, time/frequency tracking etc.) and enable UE to measure CQI before the UE can receive and transmit reliably. After the activation delay the UE is ready to receive and transmit. In LTE the requirements differ depending whether the SCell is known or unknown.
With these procedures clarified, we will next discuss inter- and intra-band interruptions for the cases when E-UTRA and NR cell is the victim. 
3	Inter-band interruptions
3.1	Inter-band interruptions when E-UTRA cell is the victim (EN-DC, 36.133)
In EN-DC, when E-UTRA cell is the victim, interruption duration is defined in subframes. Earlier, it was agreed to reuse LTE DC values for inter-band interruptions. The agreed values are [1] subframe for synchronous EN-DC and [2] subframes for asynchronous EN-DC. 
3.2	Inter-band interruptions when NR cell is the victim (EN-DC and NR SA, 38.133)
As has been discussed during the last few meetings, interruption duration when the victim cell is an NR cell should be defined based on the actual interruption duration. The duration should be defined in slots, and the number of slots depends on the subcarrier spacing. Furthermore, interruption duration should be separated for synchronous and asynchronous EN-DC, with the separation only introduced for SCS 15 kHz and 30 kHz, as agreed in the CR:
Table 8.2.1.2.1-1 Interruption length X at transition between active and non-active during DRX
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	NR Slot length (ms)
	Interruption length X 

	
	
	Sync
	Async

	0
	1
	TBD
	TBD

	1
	0.5
	TBD
	TBD

	2
	0.25
	TBD

	3
	0.125
	TBD



In the last meeting, it was proposed that interruption duration may have to be different for when new NR or E-UTRA cell is added/released than for other interruption types, e.g. interrupts due to activation. It still remained a bit unclear why this would be, but based on our understanding we do not see the need for the duration to be longer for cell addition/release. Thus, with our current understanding, we would propose to use the same interruption duration for all interruption types.
Based on the contributions in the last RAN4 meetings, proposals for inter-band interruption duration have varied between 200-500 us (and up to 1 ms for cell addition). The proposals from different companies’ contributions for synchronous inter-band EN-DC are listed in Table 1 below.
Table 1: Proposals for interruption duration for inter-band synchronous EN-DC from companies from RAN4#86.
	
	
	Interruption duration in slots when NR cell is the victim 
Inter-band synchronous EN-DC

	u

	
SCS [kHz]
	Slot duration
	Intel
	Ericsson
	Huawei
	Qualcomm
	Nokia

	
	
	
	
	
	
	Cell addition
	Others
	

	0
	15
	1 ms
	1
	1
	1
	1
	1
	1

	1
	30
	500 us
	1
	1
	1
	2
	1
	1

	2
	60
	250 us
	1
	3
	3
	4
	2
	1

	3
	120
	125 us
	2
	5
	5
	8
	4
	2



In our view, up to 200 us as discussed earlier in RAN4 RF is a sufficient time to complete the RF pulling, and thus the interruption duration should be calculated based on this value, like we have proposed in our contributions in the previous meetings. However, longer durations due to e.g. TA have been proposed by companies in the last meeting. Based on the proposals from different companies, we are ready to compromise to introduce interruption duration such that TA is taken into account like proposed in the previous meeting, and hence use interruption duration as shown in Table 2. We would anyway like to note that we think TA calculated based on such large cell sizes seems realistic in practice only for FR1. Nevertheless, we do not see a need to introduce longer inter-band interruptions than shown in Table 2.
[bookmark: _Hlk510777398]Table 2: Inter-band interruption duration when NR cell is the victim.
	u
	SCS [kHz]
	Slot duration
	Nbr of slots
Sync
	Nbr of slots
Async

	0
	15
	1 ms
	1
	2

	1
	30
	500 us
	1
	2

	2
	60
	250 us
	2
	3

	3
	120
	125 us
	4
	5



When NR cell is the victim, use inter-band interruption duration as shown in Table 2.
Proposal 1 would be applicable for both EN-DC and standalone NR for all inter-band interruption types in 38.133. For EN-DC, it was agreed in the CR that distinguishing between synchronous and asynchronous EN-DC applies only for SCS 15 kHz and 30 kHz and hence only the values for asynchronous case in Table 2 would apply for SCS 60 kHz and 120 kHz. For standalone NR, separation between synchronous and asynchronous requirements is not needed.
4	Intra-band interruptions
4.1	Interruptions when E-UTRA cell is the victim (EN-DC, 36.133)
For the case where E-UTRA cell is the victim, the values for intra-band interruption still remained open, but the difference in interruption duration between synchronous and asynchronous EN-DC has been discussed to be 1 subframe, which is addressed in the agreed CRs.
Intra-band interruption duration used for LTE CA is 5 ms. As discussed in section 2, the increase in time compared to inter-band interruption is because of the change of BW and center frequency, which leads to UE needing some additional time for tracking on the ‘old’ cell after RF adjustment. When discussing EN-DC interruptions where E-UTRA cell is the victim, there are cases where another E-UTRA cell is the aggressor and where an NR cell is the aggressor. In our view, there should not be any difference in the intra-band interruption duration between these two cases. Thus, we propose to reuse the 5 ms value for synchronous intra-band interruption. For asynchronous intra-band interruption, the value should thus be 6 subframes.
When E-UTRA cell is the victim, allowed interruption duration on the E-UTRAN cell is 5 ms for intra-band synchronous EN-DC, and 6 ms for intra-band asynchronous EN-DC.
4.2 Interruptions when NR cell is the victim (EN-DC and NR SA, 38.133)
For intra-band interruptions when NR cell is the victim, the requirements were updated in the last meeting to introduce a placeholder for different requirements for the case when E-UTRA cell is the aggressor (Y1) and when NR cell is the aggressor (Y2):
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



Based on the discussion in section 2, defining intra-band interruption duration when NR cell is the victim is not as straightforward as when E-UTRA cell is the victim, because it cannot be assumed that there will be tracking symbols available continuously. However, in our view this considers NR cell as the victim cell, and there should not be any difference whether the aggressor is E-UTRA or NR cell. Hence, in our understanding one common interruption duration for these cases should be sufficient and separate Y2 requirement could thus be removed (Y1 applies for both cases: NR aggressor and E-UTRA aggressor).
In EN-DC, when NR cell is the victim, intra-band interruption duration on the NR cell should be the same when an NR cell is the aggressor and when an E-UTRA cell is the aggressor.
Defining the intra-band interruption duration based only on SSB could lead to very long interruption durations, which would not be preferable for overall system. Hence, additional ways should be discussed. In the previous meeting there was a proposal about utilizing aperiodic TRS to allow shorter interruption duration. We support such enhancements to allow shorter NR interruptions, as very long interruptions would be impractical for the whole system. However, introducing any alternative way requires clarifying the details and synchronizing with RAN1, if needed.
RAN4 should study additional options to SSB-based intra-band interruption durations when NR cell is the victim.

Proposals 1 and 2 are included in our CRs [3] and [4]. As the discussion about NR intra-band interruptions is still ongoing, we have not included proposals for this part in the CRs.
5	Conclusion
In this contribution we have discussed interruption durations for EN-DC and standalone NR. We have made the following proposals:
1. When NR cell is the victim, use inter-band interruption duration as shown in Table 2.
Table 2: Inter-band interruption duration when NR cell is the victim.
	u
	SCS [kHz]
	Slot duration
	Nbr of slots
Sync
	Nbr of slots
Async

	0
	15
	1 ms
	1
	2

	1
	30
	500 us
	1
	2

	2
	60
	250 us
	2
	3

	3
	120
	125 us
	4
	5



When E-UTRA cell is the victim, allowed interruption duration on the E-UTRAN cell is 5 ms for intra-band synchronous EN-DC, and 6 ms for intra-band asynchronous EN-DC.
In EN-DC, when NR cell is the victim, intra-band interruption duration on the NR cell should be the same when an NR cell is the aggressor and when an E-UTRA cell is the aggressor.
RAN4 should study additional options to SSB-based intra-band interruption durations when NR cell is the victim.
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