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Introduction
There have been ongoing discussions on interruptions on active carriers in both E-UTRA and NR in NSA and SA operation. In this contribution, we provide a proposal on interruptions that can be taken on all active CC’s, E-UTRA and NR, in both NSA and SA operations. 
Discussion
Background
Interruptions in active carriers might be needed whenever there are RF changes due to addition/release of another carrier or due activation/deactivation of another carrier. In the case of addition/release, this could involve re-programming or re-allocation of existing resources. As an example, when carrier gets added that is contiguous to an already existing carrier, the UE may choose to re-program the RF chain wide enough to support both the carriers through a single chain. This would require stopping the existing flow of samples, re-programming the RF to wider BW and re-starting the flow of samples again. In case of activation/deactivation of carriers, the existing carriers could be affected due to LO pulling, power supply transients etc. 
Another aspect that is different in NR from E-UTRA is the lack of persistent reference signals. In E-UTRA, the UE could always rely on the presence of CRS signals to set AGC. In NR, there are no persistent signals and the SSB periodicity can be too large (up to 160ms) for the UE to rely on for AGC. One way out of this predicament would be for the network to provide for aperiodic TRS signal. 
Interruptions

For the scenario where a carrier is being added/released during RRC configuration, the interruptions on existing carriers would depend on whether the carrier being added is inter or intra band. In general, the interruptions due to intra-band would be longer as these could potentially be using the same RF chain in the UE. In the case of a single chain, this would involve LO re-tune, BW adaptions and AGC settling. An inter-band carrier, on the other hand, would mean a separate RF chain. However, this would mean a cold start of RF chain which could result in LO pulling and power transients. However, in the inter-band case there would at least be no need for AGC settling on the existing carrier. 
Proposal 1: For RRC reconfiguration, when adding/releasing a carrier, the following interruptions would be needed for E-UTRA victim
	[bookmark: _Hlk503539402]Cell being added/released
	Interruption Duration (in sub-frames)

	
	Sync
	Async

	LTE
	1 inter-band
5 intra-band
	2 inter-band
5 intra-band

	NR(Note1)
	1 inter-band
2 intra-band
	2 inter-band
3 intra-band



Note1: These interruptions assume that UE has some signal from NR cell (e.g.: aperiodic TRS) to be able to set AGC in the intra-band scenario.
For an existing NR cell when an LTE cell gets added in intra-band the interruptions would be like above. The UE would already know NR cell power, and hence the AGC level for NR. However, the LTE cell being added could have 3 MBSFN sub-frames which would mean that UE would need to wait for a subframe with CRS to be able to set AGC. The 1 ms interruption for inter-band case would be needed in case adding a cell might cause switching of RF chain for the existing cell. For example, consider a UE with 2 RF chains, where 1 chain can do both LTE/ NR bands whereas the other can only do NR. After some operational time (adding/releasing cells) it is potentially possible that the UE ends up in a state where it only has a NR cell on the path the supports both NR and LTE. Now when an LTE cell gets added the UE would need to switch the existing NR cell to NR only RF chain and then add the LTE cell to NR/LTE RF. 
Proposal 2: For RRC reconfiguration, when adding/releasing a carrier, the following interruptions would be needed for NR victim when LTE cell gets added
	NR SCS
	Interruption in slots (sync)
	Interruption in slots (async)

	
	Inter-band
	Intra-band
	Inter-band
	Intra-band

	15
	1
	5
	2
	5

	30
	2
	10
	3
	10

	60
	4
	20
	5
	20

	120
	8
	40
	9
	40



In the case, where an NR cell is being added there is no concern with MBSFN sub-frames for the interruptions in intra-band can be smaller. However, this would also mean that network needs to provide the UE with some reference signal, as in Note1 above, to be able to set AGC level. 
Proposal 3: For RRC reconfiguration, when adding/releasing a carrier, the following interruptions would be needed for NR victim when NR cell gets added
	NR SCS
	Interruption in slots (sync)
	Interruption in slots (async)

	
	Inter-band
	Intra-band
	Inter-band
	Intra-band

	15
	1
	2
	2
	3

	30
	2
	4
	3
	5

	60
	4
	8
	5
	9

	120
	8
	16
	9
	17




In the case where an already configured RF chain is getting activated/deactivated the UE would need interruptions on existing activated chains due to power transients, LO pulling etc. Based on analysis in [1], the UE will need around 200 us of interruptions. However, the UE also needs to take into account the timing advance that may eat into the amount of interruption that the UE can take. This issue mostly arises for 60/120KHz SCS. For 60KHz, the TA offset is 13 us and with a 10 km cell radius we end up with a timing advance of 66us. This TA along with the 200us interruption needed means we need at least 2 slots of interruption.  
[bookmark: _Hlk506754069]Proposal 4: For scenarios involving transitions between active and non-active states of any configured cell, the interruptions allowed on an active cell are 
With E-UTRA victim: 1 sub-frame for sync, 2 sub-frames for async. This is for both inter and intra-band
1) With NR victim
	SCS (kHz)
	Sync (slots)
	Async (slots)

	15
	1
	2

	30
	1
	2

	60
	2
	3

	120
	4
	5




Although mentioned a few times above, we provide the following proposal explicitly
Proposal 5: When adding a NR cell that is intra-band to an existing active cell, the network needs to provide some reference signal, e.g.: aperiodic TRS, for the UE to be able to set AGC.  

Conclusions

Proposal 1: For RRC reconfiguration, when adding/releasing a carrier, the following interruptions would be needed for E-UTRA victim
	Cell being added/released
	Interruption Duration (in sub-frames)

	
	Sync
	Async

	LTE
	1 inter-band
5 intra-band
	2 inter-band
5 intra-band

	NR(Note1)
	1 inter-band
2 intra-band
	2 inter-band
3 intra-band



Proposal 2: For RRC reconfiguration, when adding/releasing a carrier, the following interruptions would be needed for NR victim when LTE cell gets added
	NR SCS
	Interruption in slots (sync)
	Interruption in slots (async)

	
	Inter-band
	Intra-band
	Inter-band
	Intra-band

	15
	1
	5
	2
	5

	30
	2
	10
	3
	10

	60
	4
	20
	5
	20

	120
	8
	40
	9
	40



Proposal 3: For RRC reconfiguration, when adding/releasing a carrier, the following interruptions would be needed for NR victim when NR cell gets added
	NR SCS
	Interruption in slots (sync)
	Interruption in slots (async)

	
	Inter-band
	Intra-band
	Inter-band
	Intra-band

	15
	1
	2
	2
	3

	30
	2
	4
	3
	5

	60
	4
	8
	5
	9

	120
	8
	16
	9
	17



Proposal 4: For scenarios involving transitions between active and non-active states of any configured cell, the interruptions allowed on an active cell are 
1) With E-UTRA victim: 1 sub-frame for sync, 2 sub-frames for async. 
2) With NR victim
	SCS (kHz)
	Sync (slots)
	Async (slots)

	15
	1
	2

	30
	1
	2

	60
	2
	3

	120
	4
	5



Proposal 5: When adding a NR cell that is intra-band to an existing active cell, the network needs to provide some reference signal, e.g.: aperiodic TRS, for the UE to be able to set AGC.  
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