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1 	Introduction
In the previous RAN4 meetings some requirements were defined for interruptions for NSA EN-DC. And the framework for these interruption requirements were approved in draft CRs of 36.133 and 38.133[1] in the last meeting. However, the specific requirements are open for discussed. 
In this paper, we provided further considerations on these interruptions due to SCell states transition below. And the numeric requirements for the scenarios below are provided in our draft CR [2]. 
· E-UTRA SCell in MCG or SCell in SCG is added or released, or
· E-UTRA SCell in MCG or SCell in SCG is activated or deactivated, or
· measurements on SCC with deactivated E-UTRA SCell in MCG

2 	Discussion
Regarding the important contributors (e.g. AGC) to the interruption due to SCell states transition are significantly different with the intra-band and inter-band scenarios, we provide the analysis on these interruption requirements for the intra-band and inter-band cases separately.
2.1. Inter-band interruption
In the previous RAN4 discussion, the baseline receiver architecture for inter-band CA is multiple RF chains in which the separated PAs can be applied for PCell and SCell. The receive signal power should not be affected by inter-band reconfiguration because of SCell configuration or activation. As a result a shorter inter-band interruption time than that of intra-band case could be expected as AGC settling should be a simpler issue for this case. In the other words for NR inter-band SCell the interruption is mainly introduced by the RF retuning but not AGC settling.
Meanwhile in the current wideband wireless system (e.g. NR), RF synthesizer using state of the art technology can be retuned within a wide range frequency range. Such synthesizer retuning introduces much more glitch in comparison other RF components e.g. LNA and duplexer. Practically, the transition time of RF synthesizer retuning can be up to 250us. Thus, in inter-band EN-DC cases, interruption introduced by the RF chain retuning in EN-DC scenarios can be given in terms of slot as:

	

	

	(slot) for synchronous case*
	(slot) for asynchronous case

	0
	15
	1
	2

	1
	30
	1
	2

	2
	60
	1
	2

	3
	120
	2
	3



Where s given in the Table 4.2-1 in TS38.211[4]. For asynchronous case one more slot uncertainty shall be taken counted into the total interruption length. But it shall be noted that the definition of synchronous and asynchronous EN-DC is still to be confirmed. That may or may not have impact of the eventual interruption duration for different SCS.
Observation 1: The interruption duration for inter-band EN-DC can be defined as
	

	

	(slot) for synchronous case*
	(slot) for asynchronous case

	0
	15
	1
	2

	1
	30
	1
	2

	2
	60
	1
	2

	3
	120
	2
	3



Where s given in the Table 4.2-1 in TS38.211[4].
2.2. Intra-band interruption
Compared with inter-band case, intra-band interruption should additionally include the potential delay for AGC settling beside the center frequency adjustment. 
Straightforwardly when NR is the victim and the aggressor is LTE, the LTE AGC settling time has previously been agreed to be 5ms since release 10. Therefore, it seems reasonable to follow the same requirements in TS38.133 for LTE aggressor and NR victim.
Observation 2: The interruption requirements for intra-band with LTE aggressor and NR victim can be 5ms.
However, for the case where NR is the aggressor and NR is also the victim,
It was noted that the AGC implementation can be different for NR SCell and LTE SCell since the reference signal are different. AGC settling time also largely depends the availability of reference signal. In LTE, typically the AGC settling needs 2~3 CRS symbols at least [5]. For NR SCell the AGC algorithm can be based on PSS, SSS and PBCH within a SSB. Regarding there is the similarity of NR SSB and LTE CRS in terms of occupied bandwidth and density, we can assumed that a SSS and two PBCH symbols is enough to enable NR SSB based AGC converged. That means one SMTC occasion can be enough for AGC settling. On the other hand, one more SMTC occasion should be counted as AGC reference signal uncertainty.
Observation 3: As a result, if AGC based on SSB the total interruption duration for inter-band cases can be:
*slot_duration + [2]*SMTC_period
where  is the number of slots, which can be covered within 500us, used for RF warm up. Depending on the SCS,  can be defined in the table below
	

	

	(slot) for synchronous case*

	0
	15
	1

	1
	30
	1

	2
	60
	2

	3
	120
	4


As we concerned in the previous meeting, if only SSB possible for the worst cases the overall interruption length will be much longer than our expectations. So in order to short the overall interruption, we can two approaches. One is to utilize the other reference signal (e.g. TRS). But sinceTRS reference symbol structure and density are different with LTE CRS symbol, the further investigation on the exact AGC performance (e.g. AGC settling time) shall be needed.

Observation 4: Alternatively, if AGC based on TRS the AGC settling time shall be study firstly.

Moreover, asynchronous intra-band cases should be excluded since the shared RF chain for intra-band CC cannot accommodate async CCs.

In summary, we can propose that
Proposal 1: the total interruption duration for Scell addition/release cases can be specified as:

Table 8.2.1.2.3-1 Interruption length X1, Y1 and Y2 at SCell addition/Release[]
	[image: ]
	NR Slot length (ms)
	Interruption length X1 slot
	Interruption length Y1 slot
	Interruption length Y2 for SMTC based AGC adjustment

	
	
	Sync
	Async
	Sync
	Async
	Sync

	0
	1
	1
	2
	5
	NA
	 [1*slot + 2*SMTC_period]

	1
	0.5
	1
	2
	10
	NA
	 [1*slot + 2*SMTC_period]

	2
	0.25
	2
	20
	 [2*slot + 2*SMTC_period]

	3
	0.125
	3
	40
	 [4*slot + 2*SMTC_period]




Proposal 2: The total interruption duration for Scell activation/deactivation cases can be specified as:

Table 8.2.1.2.4-1 Interruption length X2, Y3 and Y4 at SCell activation/deactivation[]
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	NR Slot length (ms)
	Interruption length X2 slot
	Interruption length Y3 slot
	Interruption length Y4 slot

	
	
	Sync
	Async
	Sync
	Async
	Sync

	0
	1
	1
	2
	5
	NA
	 [1*slot + 2*SMTC_period]

	1
	0.5
	1
	2
	10
	NA
	 [1*slot + 2*SMTC_period]

	2
	0.25
	2
	20
	 [2*slot + 2*SMTC_period]

	3
	0.125
	3
	40
	 [4*slot + 2*SMTC_period]



Furthermore, if the measurement on deactivated SCell in MCG is needed, UE shall change its RF chain to the other separated one for SCell and AGC adjustments due to SCell power down/up are also needed. That is for measurements on SCC with deactivated E-UTRA SCell in MCG UE may cause interruptions in a similar manner as we analyzed for SCell states transition above.
Proposal 3: The total interruption duration for measurements on SCC with deactivated E-UTRA SCell in MCG can be same as these when SCell activation/deactivation.
3 	Conclusion
In this contribution, further considerations on the interruption requirement in EN-DC are presented. In conclusion, the following observations and proposals can be drawn: 
Observation 1: The interruption duration for inter-band EN-DC can be defined as
	

	

	(slot) for synchronous case*
	(slot) for asynchronous case

	0
	15
	1
	2

	1
	30
	1
	2

	2
	60
	1
	2

	3
	120
	2
	3



Where s given in the Table 4.2-1 in TS38.211[4].
Observation 2: The interruption requirements for intra-band with LTE aggressor and NR victim can be 5ms.
Observation 3: As a result, if AGC based on SSB the total interruption duration for inter-band cases can be:
*slot_duration + [2]*SMTC_period
where  is the number of slots, which can be covered within 500us, used for RF warm up. Depending on the SCS,  can be defined in the table below
	

	

	(slot) for synchronous case*

	0
	15
	1

	1
	30
	1

	2
	60
	2

	3
	120
	4


Observation 4: Alternatively, if AGC based on TRS the AGC settling time shall be study firstly.
Proposal 1: the total interruption duration for Scell addition/release cases can be specified as:

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 for SMTC based AGC adjustment

	
	
	Sync
	Async
	Sync
	Async
	Sync

	0
	1
	1
	2
	5
	NA
	 [1*slot + 2*SMTC_period]

	1
	0.5
	1
	2
	10
	NA
	 [1*slot + 2*SMTC_period]

	2
	0.25
	2
	20
	 [2*slot + 2*SMTC_period]

	3
	0.125
	3
	40
	 [4*slot + 2*SMTC_period]




Proposal 2: The total interruption duration for Scell activation/deactivation cases can be specified as:

Table 8.2.1.2.4-1 Interruption length X2, Y3 and Y4 at SCell activation/deactivation[]
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	NR Slot length (ms)
	Interruption length X2 slot
	Interruption length Y3 slot
	Interruption length Y4 slot

	
	
	Sync
	Async
	Sync
	Async
	Sync

	0
	1
	1
	2
	5
	NA
	 [1*slot + 2*SMTC_period]

	1
	0.5
	1
	2
	10
	NA
	 [1*slot + 2*SMTC_period]

	2
	0.25
	2
	20
	 [2*slot + 2*SMTC_period]

	3
	0.125
	3
	40
	 [4*slot + 2*SMTC_period]



Proposal 3: The total interruption duration for measurements on SCC with deactivated E-UTRA SCell in MCG can be same as these when SCell activation/deactivation.
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