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During RAN2#106 meeting, one LS on low latency SCell activation was sent to RAN1 [1]. RAN2 discussed NR fast SCell activation and figured out two potential enhancement directions, i.e., ‘dormancy’ behaviour and temporary RS. RAN2 asks RAN1/RAN4 to provide feedback on the feasibility and gain of these two potential enhancements.
In this contribution, we provide analysis on these two potential enhancements mentioned by RAN2 and present our preferred solution to facilitate SCell activation procedure. The corresponding draft LS reply is present in [2].
‘Dormancy’ behavior and temporary RS
Based on TS38.133 [3], upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n + [THARQ + Tactivation_time + TCSI_Reporting], where THARQ is the timing between DL data transmission and acknowledgement, i.e., as defined in RAN1. Tactivation_time is mainly for L2 processing, time/frequency-domain synchronization, RF warm up and AGC adjustment. It largely depends on the frequency range, SCell measurement cycle and whether the SCell is known or unknown. TCSI_Reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resource. 
TS38.133 has finalized the SCell activation delay requirement for FR1 while the delay for FR2 is still under discussion. The delay analysis in this contribution is mainly based on FR1.
‘Dormancy’ behaviour
According to RAN2 LS [1], the 'dormancy' behavior implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. If ‘dormancy’ behavior is introduced in NR, the delay of Tactivation_time and TCSI_Reporting can be eliminated since UE continues CSI measurements, ACG and beam management during for the SCell in ‘dormant state’. Instead, an additional BWP switching delay be introduced for SCell to switch from ‘dormant state’ to ‘active state’. From convenience, we denote this BWP switching delay as TBWP. As specified in TS38.133 [3], the BWP switching delay varies from 0.75ms to 3ms depending on UE capability and numerology. 
Table 1. BWP switch delay from TS38.133
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	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



In Rel-15, the MAC CE is adopted to convey SCell activation command. If ‘dormancy’ behavior is adopted in Rel-16, the DCI can also be considered to convey SCell activation command. For higher reliability, it is preferred to feedback ACK/NACK for the SCell activation command even if it is conveyed in DCI, which is similar to the SPS release DCI. In this sense, the THARQ should still be considered in the SCell activation delay. Typical values of THARQ for FR1 are 1 or 2 slots, namely 1~ 2 ms.
Overall, for ‘dormancy’ behavior, the SCell activation delay can be reduced to [THARQ + TBWP]. With the help of ‘dormancy’ behavior, the SCell activation delay can be reduced to 3~4 ms for FR1.
After SCell addition, the SCell may be unknown to this UE. In this case, the ‘dormancy’ behavior is useless because anyway the UE has to first receive/measure SSB to obtain coarse time synchronization, AGC adjustment and MIB. This SCell activation procedure, i.e., the Rel-15 SCell activation procedure, is pretty long.
After SCell addition and the first SCell activation, network can control the SCell in ‘dormant BWP/state’, where UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. The SCell can back to active state quickly at the cost of higher power consumption and higher uplink resource overhead.
Temporary RS
Within these three parts of latency, the Tactivation_time is the dominant part since it is related to SMTC configuration which can be up to 160ms. For known SCell, the SSB during SMTC measurement window is mainly used for AGC adjustment. From RAN1 perspective, other reference signals can also be applied for AGC adjustment, e.g., CSI-RS/TRS.
According to TS38.133 (as excerpted below), Tactivation_time includes an extra 5ms in addition to SMTC. The extra 5ms consists of two parts [4]:
(1) 3ms for MAC-CE processing, RF tune, RF warm up and margin;
(2) 2ms for margin for SSB in PSS/SSS MIB acquisition.
If temporary RS is introduced in SCell activation procedure, the 2ms for margin for SSB in PSS/SSS MIB acquisition can eliminated. In other words, Tactivation_time can be displaced by [TTRS + 3ms], where TTRS is TRS triggering delay and UE AGC adjustment delay.
	Tactivation_time is the SCell activation delay. 
If the SCell is known and belongs to FR1, Tactivation_time is:
-	[TSMTC_SCell + 5ms], if the SCell measurement cycle is equal to or smaller than [160ms].
-	[TSMTC_MAX + TSMTC_SCell + 5ms], if the SCell measurement cycle is larger than [160ms].
If the SCell is unknown and belongs to FR1, Tactivation_time is:
-	[2*TSMTC_MAX + 2*TSMTC_SCell + 5ms] provided the SCell can be successfully detected on the first attempt.



Overall, for known SCell, the SCell activation delay can be reduced to [THARQ + TTRS + 3 + TCSI_Reporting]. The TTRS and TCSI_Reporting largely depend on the network configuration. If aperiodic TRS and CSI report are triggered during SCell activation, the SCell activation delay can be easily reduced to less than 10ms at least for FR1. As mentioned in preceding section, typical values of THARQ for FR1 are 1 or 2 slots, namely 1~ 2ms. If TRS is aperiodic TRS that triggered via DCI, the TRS triggering delay and measurement delay is about 1~ 2ms. The delay for CSI measurement and CSI reporting (i.e., TCSI_Reporting) can be less than 2ms. Overall, the minimum delay of temporary RS for SCell activation can be down to 7ms.
The temporary RS is applicable to both known SCell and unknown SCell since the temporary RS can be used to perform AGC adjustment and obtain finer time tracking. For unknown SCell, four SMTC periodicities are needed for SCell activation procedure. According to [4], two of the SMTC periodicities are used for PSS/SSS and MIB acquisition. Another two SMTC periodicities are used for AGC adjustment. From RAN1 perspective, the temporary RS can replace the SSBs for AGC adjustment. In this case, the SCell activation delay for unknown SCell can also be largely reduce, i.e., [THARQ + TTRS + 2*TSMTC_SCell + 5ms].
Comparative analysis
Observation 1: The comparison between ‘Dormancy’ behaviour and temporary RS for SCell activation is summarized as below.
Table 2. Comparative analysis between ‘dormancy’ behaviour and temporary RS
	
	‘Dormancy’ behaviour
	Temporary RS

	Brief description
	‘Dormancy’ behaviour based on BWP is introduced for faster SCell activation.
	Temporary RS is introduced to perform AGC adjustment and finer time tracking.

	Inactive behaviour
	1. The UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management.
2. RRM measurement configured by MeasObjectNR.
	RRM measurement configured by MeasObjectNR.

	Applicable scenarios
	Only for known SCell
(In most cases, not applicable for the initial SCell activation after SCell addition)
	For both known and unknown SCell

	SCell activation delay
	Known SCell
	THARQ + TBWP
Typical values: 3-5ms
	THARQ + TTRS + 3 + TCSI_Reporting
Typical values: 7-10 ms

	
	Unknown SCell
	THARQ + 2*TSMTC_MAX + 2*TSMTC_SCell + 5ms + TCSI_Reporting
No gain
	THARQ + TTRS + 2*TSMTC_SCell + 5ms + TCSI_Reporting
Gain: Latency reduced by 2* TSMTC_MAX

	Power consumption
	High
Even in inactive state, UE has to perform CSI measurement, AGC adjustment, beam measurement and RRM measurement,
	Low
In inactive state, only RRM measurement is needed.

	Resource overhead
	High
1. Frequent CSI report is needed for CSI measurement and beam measurement.
2. RRM measurement report is also needed.
	Low
Only RRM measurement report is needed.

	Spec impact
	How to trigger UE from ‘inactive state’ to ‘active state’ when UE is not required to monitor PDCCH in the SCell being activated. 
	How to trigger temporary RS during SCell activation.



The smaller SCell activation delay for ‘dormancy’ behaviour is at the cost of higher power consumption and higher resource overhead. Faster SCell activation solution dependents on the trade-off between SCell activation delay and power consumption/resource overhead.
Observation 2: Faster SCell activation solution dependents on the trade-off between SCell activation delay and power consumption/resource overhead.
For known SCell, the SCell activation delay of ‘Dormancy’ behaviour is about 4ms smaller than temporary RS. However, the smaller delay is at the cost of higher power consumption and UL resource overhead. Compared with DRX mechanism, ‘dormancy’ behaviour consumes more power since UE has to perform CSI measurement, AGC adjustment and beam management frequently. If the CSI measurement is not frequent enough, the channel state information may not be accurate, which is likely to further decrease the system performance. Besides, more uplink resource is needed for frequent measurement report.
Observation 3: For known SCell, ‘Dormancy’ behaviour owns a smaller activation delay at the cost of higher power consumption and UL resource overhead.
Actually, it is not necessary to reduce the SCell activation latency to several milliseconds. Instead, network can use BWP switching to suit different traffic load dynamically. SCell activation is not that frequent in practical network. Reducing the SCell activation latency by increasing the power consumption and UL resource overhead is not desirable. From this angle, temporary RS is more attractive to facilitate SCell activation without introducing addition resource overhead and power consumption.
Observation 4: Fast traffic adaptation can be realized via BWP switching instead of SCell adaptation.
[bookmark: _GoBack]Proposal 1: NR supports temporary RS, e.g., CSI-RS/TRS, for SCell activation to reduce the activation delay.
Solution for Temporary RS
For SCell activation, the TRS can be used as the temporary RS for AGC adjustment and finer timing synchronization. Both SP-TRS and A-TRS can be considered for faster SCell activation.
· SP-TRS
In Rel-15, MAC-CE is adopted to activate SP-CSI-RS/SP-TRS. SP-TRS activation MAC-CE can be transmitted in any activated Cell. In this sense, it is an implementation issue to activate SP-TRS for SCell activation from RAN1 perspective.
Observation 5: From RAN1 perspective, activating SP-TRS for SCell activation is an implementation issue.
· A-TRS
DCI is adopted to trigger A-TRS in Rel-15. However, there is one restriction for A-CSI triggering in RAN1 spec, i.e., a UE is not expected to be triggered with a CSI report for a non-active DL BWP. During the SCell activation process, it is not clear when the BWP in SCell can be considered as active and when can be considered non-active. To make it clear, it is preferred to specify that a UE can be triggered A-TRS for a non-active BWP during SCell activation process.
Conclusion
In this contribution, we present analysis on ‘Dormancy’ behaviour and temporary RS for SCell activation. The following observations and proposal have been made.
Observation 1: The comparison between ‘Dormancy’ behaviour and temporary RS for SCell activation is summarized as below.
	
	‘Dormancy’ behaviour
	Temporary RS

	Brief description
	‘Dormancy’ behaviour based on BWP is introduced for faster SCell activation.
	Temporary RS is introduced to perform AGC adjustment and finer time tracking.

	Inactive behaviour
	1. The UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management.
2. RRM measurement configured by MeasObjectNR.
	RRM measurement configured by MeasObjectNR.

	Applicable scenarios
	Only for known SCell
(In most cases, not applicable for the initial SCell activation after SCell addition)
	For both known and unknown SCell

	SCell activation delay
	Known SCell
	THARQ + TBWP
Typical values: 3-5ms
	THARQ + TTRS + 3 + TCSI_Reporting
Typical values: 7-10 ms

	
	Unknown SCell
	THARQ + 2*TSMTC_MAX + 2*TSMTC_SCell + 5ms + TCSI_Reporting
No gain
	THARQ + TTRS + 2*TSMTC_SCell + 5ms + TCSI_Reporting
Gain: Latency reduced by 2* TSMTC_MAX

	Power consumption
	High
Even in inactive state, UE has to perform CSI measurement, AGC adjustment, beam measurement and RRM measurement,
	Low
In inactive state, only RRM measurement is needed.

	Resource overhead
	High
1. Frequent CSI report is needed for CSI measurement and beam measurement.
2. RRM measurement report is also needed.
	Low
Only RRM measurement report is needed.

	Spec impact
	How to trigger UE from ‘inactive state’ to ‘active state’ when UE is not required to monitor PDCCH in the SCell being activated. 
	How to trigger temporary RS during SCell activation.



Observation 2: Faster SCell activation solution dependents on the trade-off between SCell activation delay and power consumption/resource overhead.
Observation 3: For known SCell, ‘Dormancy’ behaviour owns a smaller activation delay at the cost of higher power consumption and UL resource overhead.
Observation 4: Fast traffic adaptation can be realized via BWP switching instead of SCell adaptation.
Observation 5: From RAN1 perspective, activating SP-TRS for SCell activation is an implementation issue.
Proposal 1: NR supports temporary RS, e.g., CSI-RS/TRS, for SCell activation to reduce the activation delay.
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