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1. Introduction
In this paper we discuss outstanding issues in
1) Interruption requirements for EN-DC where an NR cell is the victim (38.133)

2) Interruption requirements for EN-DC where an LTE cell is the victim (36.133)

3) Interruption requirements for SA NR carrier aggregation (38.133)
2. Discussion

2.1. Interruption for EN-DC where an NR cell is the victim (38.133)
Inter-band interruptions
For inter-band interruptions, we propose that the basic interband interruption is 500uS for activation. This gives the following values for inter-band interruption
Proposal 1 : The following values are specified in 38.133 for inter-band activation/deactivation interruption
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	NR Slot length (ms)
	Interruption length slot

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3

	3
	0.125
	5


For addition/removal, it is proposed to use 1ms

Proposal 2: The following values are specified in 38.133 for inter-band addition/removal interruption
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	NR Slot length (ms)
	Interruption length slot

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	2
	3

	2
	0.25
	5

	3
	0.125
	9


Intra-band contiguous interruptions

The main additional issue which needs to be considered for intra-band interruptions is AGC adjustment. In RAN4#86, there was discussion of an interruption requirement value covering multiple (e.g. 3) SMTC periods. Considering that SMTC periodicity is in the range of 5 to 160ms, with a default of 20ms, this leads to interruptions which are far longer than for LTE (range 15ms to 480ms with a value of 60ms for default SMTC). There was also discussion that tracking reference symbols (TRS) could be used to allow for faster settling of AGC.
RAN1 has not yet concluded on aperiodic TRS and the use of periodic TRS for AGC settling would be similar to SMTC, although the periodicity used for the TRS could be different than the SMTC period. However, the range of periodicity which can be configured is similar, so the requirements with periodic TRS may not be fundamentally different.
In the discussion on intra-band AGC settling, we think a few aspects need to be kept in mind

· It is specified that intra-band EN-DC is for collocated scenarios only.

· Intra-band CA is only possible considering receiver dynamic range if there is not a large power imbalance between the component carriers at the UE receiver.
These aspects imply that it is not possible that the AGC setting needs to be changed by a large amount (tens of dB) when a component carrier is added or removed to the bandwidth of the receiver chain. If the AGC were to be moved by such a large amount to receive the new CC, the existing CC would either be below the receiver noise floor or clipped considering the dynamic range of the receiver. 
Observation 1: For intraband contiguous scenarios received with a single receive chain, it is only possible to adjust the AGC by some small amount when a CC is added or removed from the receiver bandwidth

This implies that it should not be necessary to switch LNA state or make large adjustments to receiver gain in intraband CA/DC interruption scenarios. Indeed, we would emphasize that when a CC is added it must be possible to receive the original CC with either the old or the new receiver gain, which also implies that the original CC could be received with any gain in between. 
Moreover, in many cases the UE will have already measured the target cell to be activated and will have prior knowledge of a proper AGC setting. However, RAN4 should also consider generic interruption requirements.

Based on this, we propose

Proposal 3: An interruption of 1 SMTC duration is assumed for AGC settling for intraband carrier aggregation.

We would also like to highlight the UE cannot start to make gain adjustments until around the time that the SMTC is transmitted (which it already knows) hence why the interruption duration in proposal 2 is one SMTC duration and not one SMTC period. This gives an upper bound of 5ms on the interruption, in line with the interruptions for intraband LTE DC/CA.

If proposal 2 is not acceptable, RAN4 could also consider allowing for multiple interruptions, each of up to 1 SMTC duration during the activation period. This is illustrated in figure 1, which shows an example of interruption to an NR PSCell when an adjacent NR SCell is being activated. Prior to SMTC1, the receiver gain is set to a value according to the AGC algorithm and can be adjusted also during SMTC1. At the end of SMTC1 there is no further AGC processing that can be done regarding the target cell, and the old AGC state can be simply restored until the next AGC measurement opportunity (SMTC2). This is repeated until the AGC is set to a suitable value for receiving both PCell/PSCell and the newly activated SCell
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Figure 1 : Illustration of AGC restoration in case multiple SMTC cause interruption

In this case, the number of interruptions would be related to the PSCell/SCell activation delay and to avoid duplicated discussion the PSCell/SCell activation delay should be first concluded, then the number of interruptions to allow should become clear. 
Deactivated SCell measurements
In previous meetings there has been a proposal to measure deactivated SCells on known SMTC (either indicated by UE or network) such that there is an interruption allowed only around the known SMTC. We have supported and continue to support this proposal, however RAN2 has now frozen ASN.1. Hence, pragmatically unless the signaling can be agreed we have updated the CRs to follow a similar approach to LTE.
Proposal 4: Unless signaling can be defined, deactivated SCell measurements for NR follow a similar approach as LTE
Interrupt duration for Interruptions at transitions between active and non-active during DRX and Interruptions at transitions from non-DRX to DRX
In LTE dual connectivity, interrupt duration for transitions between active and non-active during DRX and transitions from non-DRX to DRX is 1 subframe regardless of whether the deployment is synchronous or asynchronous. The reason is that in DRX scenarios, there is freedom to retime the interruption such that it is aligned with the victim, and at such time the aggressor is in DRX so not being received. We believe a similar approach should be used in EN-DC.

Proposal 5: At interruptions between active and non-active during DRX and Interruptions at transitions from non-DRX to DRX for EN-DC, 1 slot is not added even in asynchronous scenarios

2.2. Interruption for EN-DC where an LTE cell is the victim (36.133)

Similar principles may be applied to complete interruption work in 36.133 for EN-DC where an LTE cell is victim. Following the same analysis as proposal 3, we may define the intraband interruption duration parameter X1 by 
Proposal 6: In 36.133 define X1 as the duration of the aggressor SMTC

Also, proposal 6 can be used for defining deactivated SCell measurement requirements in 36.133 as well.

2.3. Interruption for SA carrier aggregation (38.133)

Again, similar principles may be applied to complete interruption work in 38.133 for SA carrier aggregation. For CA, asynchronous requirements do not need to be defined as CA always involves synchronous operation.

3. Conclusion
Proposal 1 : The following values are specified in 38.133 for inter-band activation/deactivation interruption
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	NR Slot length (ms)
	Interruption length slot

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3

	3
	0.125
	5


Proposal 2: The following values are specified in 38.133 for inter-band addition/removal interruption
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Proposal 3: An interruption of 1 SMTC duration is assumed for AGC settling for intraband carrier aggregation.
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