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1. Introduction
Based on the progress in both RAN2 and RAN1, this contribution provides further considerations on potential approaches for fast SCell activation.
2. Discussion
As per the analysis provided in last RAN2 meeting [3], the delay in SCell activation via MAC CE from deactivated state is composed by three parts: [THARQ + Tactivation_time + TCSI_Reporting].
Where:
THARQ is the timing between DL data transmission and acknowledgement, i.e. k1. Thus THARQ is typically several ms.
The Tactivation_time is the SCell activation delay. This value varies dramatically from several ms to hundreds of ms [3]. This value depends on the SMTC period of the SCell being activated, SCell measurement cycle and whether the SCell is known or unknown.
The 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. This delay depends on the periodicity of CSI reporting configuration.
In our understanding, in order to activate a SCell from deactivated state, the UE needs to acquire the SSB of the SCell being activated to perform time/frequency synchronization and AGC adjustment before activating PDCCH monitoring. So, Tactivation_time is largely determined by the timing relationship between the time when SCell activation is triggered and the next available SSB duration. Although a short SMTC period is helpful to reduce this delay, we cannot rely on this because the network cannot always configure a small SMTC period for the SCell.
According to RAN1 agreements, the UE can perform time/frequency synchronization by reading the SSB transmitted in a cell belonging to the same band, if they share the same beam transmission parameters. However, we cannot always assume this, and whether the delay can be reduced also depends on the SSB periodicity configuration of the reference cell.
Observation 1. In R15, the main component of SCell activation delay, Tactivation_time is caused by acquiring SSB to perform time/frequency synchronization and AGC adjustment.

To reduce or avoid this activation delay Tactivation_time, several approaches are identified according to previous contributions in RAN2 and RAN1 [2]. In our understanding, these approaches are suitable to different scenarios.
Approach 1: To introduce dormancy for SCell
With dormant cell state or dormant BWP approaches, it is assumed that the UE keeps RF on and keeps CSI measurement while PDCCH monitoring will not be performed. Thus the time/frequency synchronization and AGC is maintained. When SCell activation or BWP switching is triggered, the UE needs not to acquire next SSB occasion. Then the main component of SCell activation delay, Tactivation_time, is reduced.
Other similar approaches include deactivating PDCCH monitoring for activated SCell, and enabling CSI measurement for deactivated SCell.
Proposal 1 In NR Rel-16, introduce dormancy for SCell, where the UE performs CSI measurement without PDCCH monitoring.
There are several alternatives to implement dormancy for Scells in R16 NR:
Alternative 1: To introduce a new SCell state as dormant SCell in LTE euCA. 
Similar to LTE euCA, new MAC CE and timers are needed. The advantages are reliability and a clear modeling. The activation delay from dormant state includes [THARQ + TCSI_Reporting], i.e. several ms depending on numerology and CSI reporting delay.
Alternative 2: To introduce dormant BWP for activated SCell. 
A dormant BWP is implemented by configuring a BWP without PDCCH configuration. This is supported with R15 signaling already. Additional L1 signaling will be needed to enable cross-carrier BWP switching to switch from a dormant BWP to an active BWP. Differently from dormant SCell, CSI reporting is not needed to complete the BWP switching procedure. Thus the activation delay is the same as that of ordinary BWP switching, i.e. the activation can be performed within 3ms [3, 8.6].
Alternative 3: To introduce L1 signaling to activate/deactivate PDCCH monitoring or CSI measurement. 
With this alternative, dormancy is implemented via L1 signaling which dynamically enable/disable PDCCH monitoring/CSI measurement for any BWP, while in alternative 2, a dormant BWP is configured semi statically via an RRC message.
However, the triggering condition of BWP fall back to default BWP and triggering condition of transition to dormant BWP will be similar, i.e. based on traffic volume variation. And having a dormant BWP with narrow bandwidth is beneficial for UE power saving. Then it is reasonable to configure the default BWP or a new narrow BWP as the dormant BWP. Thus the flexibility provided by alternative 3 is not really attractive.
Proposal 2 Discuss how to model the dormancy of SCell in R16 NR from following alternatives:
- Alternative 1: dormant SCell state similar to R15 euCA
- Alternative 2: dormant BWP
- Alternative 3: L1 signaling enable/disable PDCCH monitoring or CSI measurement

Approach 2: Temporary reference signal to speed up SCell activation 
Another approach is to transmit CSI-RS for tracking (TRS) or CSI-RS immediately after the SCell activation command or RRC signaling which configures the SCell in activated. The UE performs time/frequency synchronization and AGC based on this temporary reference signal instead of acquiring SSB according to SMTC configuration. The Tactivation_time can be reduced greatly comparing to R15 SCell activation delay. The following figure shows the timeline of this approach for SCell activation via MAC CE case.


Figure 1. Scell activation timeline with temporary reference signal
In this case, the network transmit the temporary reference signal aperiodically or semi-persistently after SCell activation MAC CE, e.g. after the k1+3ms+1slot, as defined in 38.213, where the UE is assumed to be ready for CSI reporting. Besides, CSI reporting can be optimized to speed up CSI reporting (TCSI_Reporting). It is up to RAN4 to determine the exact timing when the network can transmit the temporary reference signal, and the time needed to perform time/frequency synchronization and AGC adjustment. However, it is reasonable to assume this delay can be less than 10ms ([THARQ + TTemporary_reference + TCSI_Reporting]).
This approach also applies to the case of configuring an SCell in activated state.
Proposal 3 The network transmits temporary reference signal immediately after the SCell activation command and the RRC message which configures the SCell in activated to speed up the activation procedure.
However, whether this approach is feasible should be confirmed by RAN1 and RAN4.
Proposal 4 Ask RAN1 and RAN4 to confirm that temporary reference signal during SCell activation procedure is helpful to reduce SCell activation delay.

Relationship of approach 1 and approach 2
In our understanding, these two approaches are suitable to different scenarios respectively.
With dormant state, a SCell can be activated fast, e.g. less than 3ms with dormant BWP. The cost is UE power consumption for keeping CSI measurement. Thus this approach is suitable to rapid traffic adaption. It can be used as a middle state before moving the SCell to deactivated state.
When the SCell is kept dormant for a period of time, it is preferable to transit it to deactivated state to further save UE power. And RAN2 has agreed to support direct configuration of an SCell in activated state. Thus, optimizing SCell activation delay for these two cases is also meaningful.
On the other hand, with the temporary reference signal approach, more resources are needed since the temporary reference signal cannot be shared among UEs. This approach is more suitable for non-frequent usage. With the help of dormant SCell or dormant BWP, the frequency of SCell activation from deactivated can be reduced. Thus it is preferred to adopt both approach1 an approach 2 for R16 NR.
	
	Approach 1
Dormant SCell or dormant BWP
	Approach 2
Temporary reference signal

	Activation delay
	Less than 3ms (dormant BWP)
	Assumed to be less than 10ms

	UE power 
	CSI measurement/report, 
RRM measurement
	RRM measurement only

	Suitable to
	1. Rapid traffic volume adaption
2. [bookmark: _GoBack]Before moving an SCell to deactivated.
Frequent usage
	1. SCell activation from deactivated
2. Direct configuration in activated
Non-frequent usage due to additional reference signal is required



3. Conclusion
Observation 1. In R15, the main component of SCell activation delay, Tactivation_time is caused by acquiring SSB to perform time/frequency synchronization and AGC adjustment.
Proposal 1 In NR Rel-16, introduce dormancy for SCell, where the UE performs CSI measurement without PDCCH monitoring.
Proposal 2 Discuss how to model the dormancy of SCell in R16 NR based on following alternatives:
- Alternative 1: dormant SCell state similar to R15 euCA
- Alternative 2: dormant BWP
- Alternative 3: L1 signaling enable/disable PDCCH monitoring or CSI measurement
Proposal 3 The network transmits temporary reference signal immediately after the SCell activation command and the RRC message which configures the SCell in activated to speed up the activation procedure.
Proposal 4 Ask RAN1 and RAN4 to confirm that temporary reference signal during SCell activation procedure is helpful to reduce SCell activation delay.
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