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1. Introduction
In recent meetings RAN4 has made good progress on interruption requirements for
· NSA operation with an LTE victim cell, specified in 36.133

· NSA operation with an NR victim cell, specified in 38.133

· SA carrier aggregation operation, specified in 38.133

The main outstanding issues are

· Interruption duration values for intraband operation, which is pending discussion on the NR AGC

· Deactivated SCell measurement interruptions

In this contribution we discuss closing the remaining outstanding issues.
2. Discussion

2.1. Interruption duration for intra-band NR operations
In this scenario, a single RF chain is assumed, and the UE may increase or reduce the bandwidth of the RF chain to add/remove an NR PSCell or add/remove/activate/deactivate an NR PSCell. The victim may either be an LTE PCell, LTE SCell, NR PSCell (NSA), NR PCell (SA) or NR SCell which is intraband to the cell being added/removed/activated/deactivated.

In RAN4#86 and RAN4#86bis some progress was made on NR SCell activation requirements, and there is an agreed way forward in [1]. The WF is mainly a framework, at least from RF warmup and AGC perspective, and the relevant aspects are highlighted
	· SSB based activation delay requirement Tactivation_time in FR1
· Tactivation_time is consisted of 
· MAC-CE message decode time 
· RF warm up excluding AGC settling: TBD
· AGC settling: N1 SMTC periods for known and N2 SMTC periods for unknown cells
· The exact value of N1 and N2 are TBD
· It is FFS that the parameter value of N1 shall depend on the SCell measurement cycle in use prior to the SCell activation
· PSS/SSS and SSB index acquiring: 
· [2] SMTC periods for known cell provided that PSS/SSS detection and PBCH decoding are not needed
· [4] SMTC period for known cell provided that PBCH decoding is needed
· [5] SMTC period for unknown cell provided that PSS/SSS detection and PBCH decoding are needed
· SSB based activation delay requirement Tactivation_time in FR2
· Tactivation_time is consisted of 
· MAC-CE message decode time 
· RF warm up excluding AGC settling: TBD
· AGC settling: N3 SMTC periods for known and N4 SMTC periods for unknown cells
· The exact value of N3 and N4 are TBD
· It is FFS that the parameter value of N3 shall depend on the SCell measurement cycle in use prior to the SCell activation
· PSS/SSS and SSB index acquiring: 
· Rx beam sweeping should be considered for PSS/SSS detection and measurement for FR2 for both known and unknown cell

· The corresponding delay is FFS




We can observe that MAC-CE decoding time should not contribute to interruption, and for PSS/SSS and SSB index acquisition, the AGC should already be correctly set.  Clearly, the interruption requirements and the SCell (and PSCell) activation should be defined consistently with the activation delay requirements.

For AGC operation, an important aspect which must be considered for operation with a single RF chain is that there cannot be a big power imbalance at the UE receiver, or the UE will have insufficient dynamic range to receive signals from different cells correctly. In the context of LTE carrier aggregation, 6dB power imbalance has previously been considered but at any rate the AGC operation must be regarded as a “fine tuning” and quite different from the interband AGC in terms of its limited adjustment scope. 
Observation 1: For intraband addition/activation the AGC adjustment can only involve fine tuning, as there cannot be large power imbalance between the added/activated cell and the already active cell(s) which use the same RF chain.

Based on this observation, we do not see a need for N1/N2/N3 greater than 1 SMTC period for intra-band operations, and indeed, in many cases N1/N2/N3 could be 0 SMTC period based on the limited power imbalance possible from a deployment perspective) (i.e. the AGC setting for the already running cells is sufficient information to start receiving a new cell with similar expected RX power).

Another aspect which should be highlighted is that there is no interruption due to AGC for deactivation or removal of a cell. The UE already knows the proper setting for AGC considering all the cells and can use the correct AGC setting for the remaining cells also when one or more cells is deactivated removed. Hence, for intraband deactivation/removal, the only interruption comes from RF reconfiguration, which may imply a similar interruption as for interband operations.

As indicated in [2], even if the AGC takes multiple SMTC to converge, it is not justified to interrupt the active cell(s) for multiple SMTC periods as indicated in figure 1.
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Figure 1: Illustration of AGC restoration in case multiple SMTC cause interruption

Proposal 1 :Interruptions for intra band addition/activation are assumed to be based on a single SMTC duration for AGC setting.
Proposal 2 : An additional margin for RF reconfiguration as shown in table 1 is added to the SMTC duration for intraband activation/deactivation
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	NR Slot length (ms)
	Interruption additional margin (slot)


	0
	1
	1



	1
	0.5
	1



	2
	0.25
	2

	3
	0.125
	4


Table 1 : RF reconfiguration margin

Note that there is no asynchronous operation possible for intraband reception with a single RF chain

Observation 2: No async requirements are needed for the intraband case
Proposal 3: Only the additional margin for RF reconfiguration is needed for removal/deactivation, the correct AGC setting is known in advance
2.2. Deactivated SCell measurements
There have been two proposals for deactivated SCell measurements where an NR SCell is the aggressor

Option 1: Follow similar approach as LTE, i.e. allow interruptions are allowed with up to 0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer.
Option 2: Add signalling such that it is known on which SMTC within the measCycleSCell the UE performs measurement/causes interruption
Since there has been no agreement on the approach and it is late to specify additional signalling, we would like to propose a compromise approach which would allow UE freedom of implementation, and at the same time avoids fully autonomous interruptions. Hence, we propose:
Proposal 4: For deactivated SCell measurements interruptions are allowed with up to 0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer
Proposal 5: Interruptions allowed under proposal 4 shall occur within a time window of X1 ms before the start of the deactivated SCell SMTC, and X2 ms after the end of the deactivated SCell SMTC.
Since the UE is measuring SMTC, proposal 5 does not create any additional burden for the UE provided that X1, X2 are not aggressively chosen. On the other hand, proposal 5 is highly beneficial for the network, because the network may choose to avoid the autonomous interruptions completely by not scheduling the UE within the window where interruptions may occur.

We are open to further discussion on the possible value for X1, X2, as a tentative proposal 1ms+1 slot could be considered as a generic window which allows 1ms for reconfiguration in both sync and async cases
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	NR Slot length (ms)
	X1, X2  (slot)


	0
	1
	2


	1
	0.5
	3


	2
	0.25
	5

	3
	0.125
	9


Table 2: Tentative proposal for X1, X2
3. Conclusion

In this contribution we discuss the outstanding issues for interruption requirements. We make the following proposals

Intra-band interruption requirements

Observation 1: For intraband addition/activation the AGC adjustment can only involve fine tuning, as there cannot be large power imbalance between the added/activated cell and the already active cell(s) which use the same RF chain.

Proposal 1 :Interruptions for intra band addition/activation are assumed to be based on a single SMTC duration for AGC setting.

Proposal 2 : An additional margin for RF reconfiguration as shown in table 1 is added to the SMTC duration for intraband activation/deactivation
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	NR Slot length (ms)
	Interruption additional margin (slot)



	0
	1
	1



	1
	0.5
	1



	2
	0.25
	2

	3
	0.125
	4


Table 1 : RF reconfiguration margin

Observation 2: No async requirements are needed for the intraband case
Proposal 3: Only the additional margin for RF reconfiguration is needed for removal/deactivation, the correct AGC setting is known in advance

Deactivated SCell measurements

Proposal 4: For deactivated SCell measurements interruptions are allowed with up to 0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer
Proposal 5: Interruptions allowed under proposal 4 shall occur within a time window of X1 ms before the start of the deactivated SCell SMTC, and X2 ms after the end of the deactivated SCell SMTC.

The values of X1 and X2 are FFS. Some preliminary proposals are made for X1 and X2 in the contribution.
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