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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In last meeting, RAN2 sent an LS [1] to inform the conclusions that RAN2 made on NR fast SCell activation.
Agreement
1	SCell dormant state like LTE euCA will not be introduced in NR. 
2	‘dormancy’ behaviour will be studied as a solution for fast return to SCell utilization for data transfer. The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. RAN1/4 input required on feasibility and benefit.

1	Temporary RS resources at SCell activation will be studied as a solution for fast SCell activation. RAN1/4 input required on feasibility and benefit.
As specified in the agreements, RAN2 concluded to study two solutions to reduce SCell activation latency: the ‘dormancy’ behaviour and the temporary RS at SCell activation (e.g. SSB, CSI-RS or TRS activated after SCell activation). Besides, RAN2 claimed [1] that in this study, they will focus on latency performance for fast return to SCell utilization for data transfer. 
In this paper, we analyze the required latency of aforementioned 2 methods and conclude that comparing with temporary RS method, the dormancy behavior method has a shorter latency for UE to return to the SCell activation state. However, from UE perspective, these 2 methods are both beneficial and should not be mutually exclusive. In particular, the temporary RS method allows UE to stay in the deactivated state when there is no data to receive. Staying in the deactivated state consumes less UE power than staying in dormancy.
2	Discussion  
The components of timing latency for SCell activation includes 3 parts: [THARQ, Tactivation_time, and TCSI_Reporting]. According to the agreements made in RAN2, dormancy behaviour implies that the UE stops monitoring PDCCH but continues other activities such as SSB-based RRM measurement, CSI-RS measurements, AGC gain tuning and beam management. It seems that when UE needs to switch from dormancy behaviour to SCell activation state, the setting that will be changed is PDCCH monitoring setting (e.g. periodicity change or search space on/off); other settings, such as aperiodic CSI reporting changed to periodic CSI reporting, might depend on RAN1 conclusion.
From RAN4 perspective, switching from dormancy behaviour to SCell activation state only involves some parameters reloading/switching and all the latencies THARQ, Tactivation_time, and TCSI_Reporting can be saved. However, this status switching still introduces an additional L1-indicated switching delay. If we take BWP switching for example, the switching delay for Type 2 UE will be only 3ms. Comparing with the timing latency of temporary RS method, where THARQ and TCSI_Reporting are all remaining the same, only the dominant activation time Tactivation_time might be reduced and its lower bound is 3ms, we can conclude that dormancy behaviour indeed has a shorter latency and obviously is a better solution for NR fast SCell activation.
[bookmark: _Ref7334942][bookmark: _Ref7345024]Observation 1: If latency performance is the only concern, dormancy behaviour method is a better solution for NR fast SCell activation.
[bookmark: _Ref7345059]Proposal 1: RAN4 to confirm that dormancy behaviour is a better solution for NR fast SCell activation and suggest RAN2 can prioritize dormancy behaviour in Rel-16. 

We then further analysis the dominant latency Tactivation_time for temporary RS method. The samples that UE needs for original SSB-based SCell activation are addressed in TS38.133 Section 8.3.2 and listed in Table 1. If default 20ms SMTC periodicity is assumed, the dominant part Tactivation_time of SCell activation latency can be ranged from 25ms to 85ms in FR1 and ranged from 3ms to a value larger than 511ms in FR2. 
Table 1: NR SCell activation delay in both FR1 and FR2
	NR SCell Activation Delay
	Tactivation_time

	
	AGC tuning
[TSMTC_MAX]
	Cell search
[TSMTC]
	fine timing
[TSMTC]
	Margin + 
1 MAC CE

	FR1
	known cell
	measCycleSCell ≤160ms
	0 
	0
	1 T
	5 ms

	
	
	measCycleSCell >160ms
	1 T
	0
	
	

	
	unknown cell
	2 T
	1 T
	
	

	FR2
	one active serving cell on the same band
	SCell with SSB
	0 
	1 T for cell search and fine timing, [since MRTD is up to 3 us].
	5 ms

	
	
	SCell without SSB
	
	0
	3 ms

	
	no active serving cell on the same band*
	known cell
	0
	0
	1 T
	[9+2] ms

	
	
	unknown cell 
	8*2 T
	8 T
	
	

	*Note : Activation time in this case should further consider the delay for L1-RSRP measurement, L1-RSRRP reporting, etc. 



In the following discussion, we assume that TRS or PSS/SSS is utilized as the temporary RS to accelerate the UE SCell activation speed. 
Temporary RS
TRS
PSS/SSS



Firstly, we specify some basic principles in our evaluation:
· UE can only conduct the cell search based on PSS/SSS, which means that the samples of PSS/SSS used for cell search purpose are indispensable in the cases of activating an unknown cell.
· UE needs at least 2 samples to adjust an appropriate AGC gain. 
· The AGC gain from fine Tx beam can’t refer to the AGC gain for rough Tx beam, and vice versa. Therefore, if SSB is transmitted from rough beam and TRS is transmitted from fine beam, then both RS need their own samples for AGC gain setting.
· There exists Rx power mismatch between PSS/SSS inside SMTC windows and PSS/SSS outside the SMTC windows. Within the SMTC windows, all cells in this carrier will simultaneously transmit SSBs. So that the interference level experienced by UE would be different to those temporary PSS/SSS transmitted out of SMTC window. . Although such a mismatch in interference power may bring some degradation, in order to simplify the evaluation, we assume that this power mismatch is small and can be ignored. 
[bookmark: _Ref525844622]Based on the aforementioned rules, we then calculate the corresponding activation time in 3 different scenarios and show the results in Table 2. We assume the periodicities of temporary RS and SMTC windows are 5ms and 20ms, respectively. During the SMTC windows, we assume that TRS can be found at slots without SSB. Here, the abbreviations AGC, Sear, Sync are used to indicate the usage of this sample, i.e., AGC gain tuning, cell search, and time-frequency tracking, respectively. The samples used for AGC gain setting on time-frequency tracking purpose is marked by yellow, the samples used for AGC gain setting on cell search purpose is marked by green, the samples used for AGC gain setting on both time-frequency tracking and cell search purpose is marked by blue. 
Table 2: Comparison of NR SCell activation delay in FR1 
	FR1
	SMTC
	
	
	
	SMTC
	
	
	
	SMTC
	
	
	
	SMTC
	Tactivation_time

	
	TRS
	TRS
	TRS
	TRS
	TRS
	TRS
	TRS
	TRS
	TRS
	TRS
	TRS
	TRS
	TRS
	

	
	PSS/SSS
	PSS/SSS
	PSS/SSS
	PSS/SSS
	PSS/SSS
	PSS/SSS
	PSS/SSS
	PSS/SSS
	PSS/SSS
	PSS/SSS
	PSS/SSS
	PSS/SSS
	PSS/SSS
	

	Known cell, measCycleSCell ≤160ms
	Without
temp. RS 
	Sync
	
	
	
	
	
	
	
	
	
	
	
	
	25ms

	
	With TRS
	AGC
	AGC
	Sync
	
	
	
	
	
	
	
	
	
	
	20ms

	
	With PSS/SSS
	Sync
	
	
	
	
	
	
	
	
	
	
	
	
	10ms

	Known cell, measCycleSCell >160ms
	Without
temp. RS
	AGC
	
	
	
	Sync
	
	
	
	
	
	
	
	
	45ms

	
	With TRS
	AGC
	AGC
	Sync
	
	
	
	
	
	
	
	
	
	
	20ms

	
	With PSS/SSS
	AGC
	Sync
	
	
	
	
	
	
	
	
	
	
	
	15ms

	Unknown cell
	Without
temp. RS
	AGC
	
	
	
	AGC
	
	
	
	Sear
	
	
	
	Sync
	85ms

	
	With TRS
	AGC
	AGC
	AGC
	
	AGC
	
	
	
	Sear
	Sync
	
	
	
	70ms

	
	With PSS/SSS
	AGC
	AGC
	Sear
	Sync
	
	
	
	
	
	
	
	
	
	25ms



Based on the evaluation results, we can see that if Network configures temporary RS to UE, it can positively reduce the activation time Tactivation_time that UE needs. Although it might increase some system overhead, this overhead is an occasional need and should not cause too much throughput loss. If we further consider the case that TRS is in use as the temporary RS, it has other advantage to provide more precise time-frequency tracking accuracy. One thing that might be a concern is that UE can’t refer rough Tx beam AGC gain to set the fine Tx beam AGC gain. This problem causes Network needs to send more temporary RS to UE. From UE perspective, if Network can use an indication to inform UE that the received RE powers of temporary RS and PSS/SSS are the same. This issue may be resolved. 
[bookmark: _Ref16450101]Observation 2: If Network configure temporary RS to UE, it can positively reduce the activation time that UE needs.
[bookmark: _Ref16450102]Observation 3: If Network can send an indication to inform UE that the RE powers of temporary RS and SSB are the same, no extra temporary RS is needed to tune the fine beam AGC gain.
[bookmark: _Ref16450145]Proposal 2: RAN4 to confirm that temporary RS method might provide several merits, such as the reduced activation time, increased power saving gain, and increased timing-frequency tracking accuracy.

4	Summary 
In this contribution, we have the following observations:
Observation 1: If latency performance is the only concern, dormancy behaviour method is a better solution for NR fast SCell activation.
Observation 2: If Network configure temporary RS to UE, it can positively reduce the activation time that UE needs.
Observation 3: If Network can send an indication to inform UE that the RE powers of temporary RS and SSB are the same, no extra temporary RS is needed to tune the fine beam AGC gain.
And we propose
Proposal 1: RAN4 to confirm that dormancy behaviour is a better solution for NR fast SCell activation and suggest RAN2 can prioritize dormancy behaviour in Rel-16. 
Proposal 2: RAN4 to confirm that temporary RS method might provide several merits, such as the reduced activation time, increased power saving gain, and increased timing-frequency tracking accuracy.
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