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Introduction
In this paper, we provide a timeline for NR SCell activation. We first provide a timeline on SSB only without any other reference signals. We show that due to longer periodicity of SSB, this timeline would exceed that of E-UTRA. We then provide an alternate timeline where network provides the UE with TRS to speed up the time the UE take to activate SCell. 
The activation time is split into two parts, 1) time from MAC-CE command to when UE is ready to receive, 2) from UE being ready to receive to CQI reporting back to gNodeB. As part of activation the UE may need to take interruptions on all other active cells, E-UTRA and NR. 
Discussion
Scell Activation Timeline in E-UTRA

Figure 1 shows the LTE timeline for SCell activation.  From the time UE receives Scell activation command, it has 8 ms to be ready to receive on Scell. After the HARQ ACK for the message has been sent, the UE can take a 1ms interruption on any of the already active cells. Depending on whether the activation is based on the previous SCell measurement or blind, UE has different amount of time to report back CQI. In case of measurement based activation, UE can take up to 16 ms from when it ready to receive. In case of blind activation time to report CQI is 26 ms. Thus, the total time to activation from the time when MAC-CE command is received is 1) 24 ms in case of measurement based activation, 2) 34 ms in case of blind activation.     



[bookmark: _Ref498600736]Figure 1: LTE Scell Activation Timeline
SCell Activation in NR

The activation timeline starts when the UE receives the command via MAC-CE and is deemed to be complete when UE reports back CQI to gNodeB. 
In WF in RAN4#85 we agreed on the following, upon receiving SCG 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]
In WF in RAN#AH-1801, the following agreement was reached
· Tactivation_time is consisted of 
· RF warm up excluding AGC settling: TBD and independent of SCS
· AGC settling: N1 SMTC periods for known and N2 SMTC periods for unknown cells
· PSS/SSS and SSB index acquiring: 
· X1 SMTC periods for known cell
· X2 SMTC period for unknown cell
· X1 and X2 will be decided by RAN4#86

In this paper we provide our view on the above times. 
The HARQ feedback time, THARQ, would depend on configured K1 for the slot in which the MAC-CE command is received.  In addition to providing HARQ feedback, the UE would need to decode the MAC-CE message and SW would then need to program both baseband and RF. This SW overhead would be independent of SCS. There would also be sometime needed for RF activation and PLL lock. During this time there might be interruptions needed on other active CC’s. In our view, the time to decode MAC-CE, SW overhead and RF activation should be 3ms independent of SCS. At the end of this time the UE should be ready to receive. 
Proposal 1: The activation time, which includes MAC-CE message decode time, SW overhead and RF activation, is 3ms independent of SCS.
Proposal 2: The UE can take interruptions on active carriers between the time it provides HARQ feedback to network and before the UE is ready to receive on the to be activated SCell. 
Once the UE is ready to receive, it will then need time to set AGC, acquire timing and report back CQI. For these purposes it would it either need to wait for SS blocks or the network would need to provide TRS. In the following discussion we concentrate on the number of samples needed for SCell activation. Except for the first sample in case of unknown cell which needs to be an SSB to acquire timing, the rest of these could be either SSB or TRS. Also, in all types of scenarios the UE would need 1 slot CSI-RS to report back CQI
In the case of known cell, the UE would need 1 sample for AGC. If the cell was recently measured, within X ms, the UE will not need to do any time refinement. If the cell was last measured longer than X ms, the UE would need 1 sample to do time/frequency refinement. The exact value of X is TBD. In the case of an unknown cell, the UE would need a total of 4 samples, 2 for AGC and 2 for timing acquisition and refinement. 
Proposal 3: The number of samples (SSB or TRS) needed for SCell activation is given as follows
	Scenario
	Number of samples
	Notes

	Known cell (measured within X ms)
	1
	

	Known cell (measured longer than Xms )
	2
	

	Unknown cell
	3
	The first sample needs to SSB


 
Note that the UE would need at least 2 slots between reception of consecutive samples for processing.
Proposal 4: The UE would need 1 slot CSI-RS to report back CQI. The time to report back CQI is being discussed in RAN1


Conclusions

In this paper we provide a proposal for NR SCell activation. The activation timeline in NR is longer than E-UTRA if we base it solely on SSB. For this purpose, we request the network to provide aperiodic TRS which will significantly shorten the timeline. 
Proposal 1: The activation time, which includes MAC-CE message decode time, SW overhead and RF activation, is 3ms independent of SCS.
Proposal 2: The UE can take interruptions on active carriers between the time it provides HARQ feedback to network and before the UE is ready to receive on the to be activated SCell. 
Proposal 3: The number of samples (SSB or TRS) needed for SCell activation is given as follows
	Scenario
	Number of samples
	Notes

	Known cell (measured within X ms)
	1
	

	Known cell (measured longer than Xms )
	2
	

	Unknown cell
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	The first sample needs to SSB


 
Proposal 4: The UE would need 1 slot CSI-RS to report back CQI. The time to report back CQI is being discussed in RAN1
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