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Introduction
In RAN4#86-bis, there were agreements reached on interruptions requirements, for both E-UTRA and NR, for inter-band cell add/release and cell activation/deactivation. This leaves two scenarios still open: intra-band cell add/release and BWP switching. In this contribution we provide our view on cell add/release in the intra-band case. 
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 intra-band carrier add/release

For the case of intra-band carrier add/release, as stated above the UE will need interruption on existing carrier to be able to re-program its RF to accommodate the wider BW. It will also need to reset the AGC/LNA state based on the receive power from both carriers now. The AGC/LNA state aspect becomes complicated in NR because of the lack of persistent signals. For the UE to be able to set its AGC, it would need CRS from LTE and SSB from NR. Both signals would need to be there in the same slot for the UE to be able to estimate the total received power accurately. 
Consider the simpler case of E-UTRA+E-UTRA intra-band CA. In this case when a second carrier gets added, the UE needs to ensure that it has CRS available from both carriers to be able to estimate received power. Since CRS is available in every sub-frame except MBSFN, and only 3 MBSFN sub-frames can occur back-to-back, a 5ms time frame would ensure that the UE will have enough time to receive CRS signal from both carriers simultaneously and set its LNA. 
The NR+E-UTRA case becomes more complicated. As stated before, the UE can use CRS from E-UTRA and SSB/TRS from NR to set the LNA. However, the network will need to co-ordinate between NR and E-UTRA to ensure that both signals are available in the same slot. Else, there could be a scenario where the NR SSB slot is at the same time as the E-UTRA MBSFN sub-frame. In such a case, the UE will not have adequate information to estimate the total received power and set its AGC.  

Proposal 1: The network needs to ensure that reference signals are available simultaneously on the all intra-band carriers being added/released for the UE to be able to set its AGC/LNA state.  
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 2: 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
	5 
	6

	NR(Note1)
	5
	6



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 3: For RRC reconfiguration, when adding/releasing a carrier, the following interruptions would be needed for NR victim when LTE intra-band cell gets added/released
	NR SCS
	Interruption (in slots) 

	
	Sync
	Async

	15
	5
	6

	30
	10
	11

	60
	20
	21

	120
	40
	41



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 4: 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
	Async

	15
	2
	3

	30
	4
	5

	60
	8
	9

	120
	16
	17





Conclusions

Proposal 1: The network needs to ensure that reference signals are available simultaneously on the all intra-band carriers being added/released for the UE to be able to set its AGC/LNA state.  
Proposal 2: 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

	[bookmark: _GoBack]LTE
	5 
	6

	NR(Note1)
	5
	6



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.
Proposal 3: For RRC reconfiguration, when adding/releasing a carrier, the following interruptions would be needed for NR victim when LTE intra-band cell gets added/released
	NR SCS
	Interruption (in slots) 

	
	Sync
	Async

	15
	5
	6

	30
	10
	11

	60
	20
	21

	120
	40
	41



Proposal 4: 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
	Async

	15
	2
	3

	30
	4
	5

	60
	8
	9

	120
	16
	17
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