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Introduction
Fast SCell activation for NR is being studied for UE power saving as well as latency reduction. It will be discussed under this sub-agenda in terms of the RAN1 impact on support of efficient and low latency serving cell configuration/activation/setup.

This is mostly a resubmission of R1-1900922 from RAN1 AH1901.
Discussion
Fast SCell Activation/Deactivation
The motivation for fast SCell activation/deactivation is so that the number of activated SCell can adapt more closely to the actual traffic load, thereby improving power efficiency. In NR, the timeline for SCell activation/deactivation can be optimized by using aperiodic TRS/CSI-RS and DCI-based signaling.
Figure 1 introduces the NR Rel-15 SCell activation/deactivation timeline analysis with MAC CE command. In general, UE will feedback acknowledgement within k1 + 1 slot after UE successfully receives the PDSCH carrying SCell activation/deactivation MAC CE, and then UE needs to prepare RF transition to receive signals from target SCell within T_activation time. After UE gets ready to receive signals from new SCell, UE still requires a certain period, i.e., TSMTC_SCell, TSMTC_MAX (defined in [1] ) and additional latency, to finish synchronization in the target SCell. The exact time for synchronization in target SCell depends on the specified conditions. Finally, UE performs CQI measurements and reporting within Z latency after UE starts to receive reference signals. Z is typically not more than a few milliseconds, defined in 5.4 in TS 38.214.
Figure 2 depicts a possible scheme of fast SCell activation/deactivation procedure timeline. If aperiodic TRS can be triggered and transmitted, channel tracking can be done based on A-TRS and latency for acquiring SSB can be bypassed. A-CSI can be triggered for CQI measurement. The TTRS covers the A-TRS duration and it can be assumed as 1 to 2 slots to process aperiodic TRS and update loop in a known SCell, which is much smaller than the TSMTC_SCell. If the measurement and CQI reporting timeline is sufficiently optimized, DCI-based signaling for fast SCell activation can be considered to further reduce the latency. It can be observed that once UE receives DCI-based fast activation command, only k0 + X latency is needed for PDCCH receiving and UE RF transition (i.e. X latency) to receive new signaling from target SCell. Support for triggering A-TRS and/or A-CSI from the SCell activation command should be considered.


[bookmark: _Ref525911908]Figure 1: NR SCell activation/deactivation timeline with MAC CE command



[bookmark: _Ref525911945]Figure 2: DCI-based fast SCell activation/deactivation procedure timeline

Some numerical examples can demonstrate the overall SCell activation latency. For the baseline NR case (Figure 1), if the SCell is known and in FR1 band, assuming k0=1, k1=1, 15 kHz SCS (i.e. 1 slot = 1 msec), 3 msec T_activation time is the total time for processing the MAC CE and RF tuning time, T_SMTC_SCell = 20 msec (according to A.3.2.2. in TS 38.133) and Z = 1.6 msec, the total activation latency is 23.6 msec or 43.6 msec, depending on whether the SCell measurement cycle is smaller than or larger than 160 msec, respectively. The latency number for FR2 can be much worse. For the proposed optimized case (Figure 2), k0+X can be assumed to be 2 msec, roughly same as BWP transition latency. Overall, the time span can be about 6.6 msec. If MAC-CE is used instead of DCI, at least 2 msec (PDSCH processing time + L1 processing time) needs to be added, and it would be a significant percentage of the overall timeline (i.e. 2 / 6.6 = 30% increase). It should be justifiable to adopt DCI-signaling.
[bookmark: _Toc1149875]Proposal 1: A-TRS/CSI triggering from SCell activation command should be supported in Rel-16 to greatly reduce SCell activation time.
[bookmark: _Toc1149876]Proposal 2: DCI-based signaling for SCell activation/deactivation should be supported in Rel-16, if other enhancements are also adopted to greatly reduce the overall activation timeline.

SCell Dormancy
(This section is also presented in our UE power saving contribution [3].)
In Rel-15 LTE euCA [2], a new SCell state, distinct from legacy activated and deactivated state, is introduced. This new state allows periodic CSI of the SCell to be measured and reported, but otherwise is similar to legacy deactivated state: no data transfer and no PDCCH monitoring is expected on the SCell. The advantage is that the latency of transition into active state from this new state is reduced significantly compared to transition from deactivated state. The UE power consumption in the new state is much lower than that in active state and can be slightly higher than that in deactivated state. The ability to do fast state transition between low power new state to high power active state results in reduced overall UE power consumption for most traffic patterns. 
In NR, a similar approach can be considered. An intermediate state between SCell activation and deactivation, where UE does not PDCCH monitoring on the SCell and does not expect to be scheduled on the SCell. Other periodic activities on the SCell including CSI measurement and reporting, beam management, RRM may still be performed at much reduced duty cycle, but at a level to allow transition to activation state can be very quick. It can be viewed as a way to “suspend” SCell operation for moderate level of power saving.
[bookmark: _Toc1143367]Observation 1: Not monitoring PDCCH on SCell is a necessary but not a sufficient condition for improving SCell energy efficiency. Other periodic activities including CSI measurement and reporting, beam management, and/or RRM may still be performed at much reduced duty cycle. There is tradeoff between minimizing SCell power consumption level and maintaining sufficient state information about the SCell such that UE can very quickly transition the SCell to activation state when traffic arrives.

The latency for transition in and out of dormancy state should be smaller than the latency for SCell activation/deactivation. In NR, BWP adaptation is supported with BWP transition latency up to the order of 2 milliseconds. It makes sense to consider a scheme that leverages BWP adaptation framework for SCell dormancy support, as discussed in the next section.

[bookmark: _Ref528665980]Dormant BWP for SCell
From the perspective of BWP adaptation applied to SCell, rather than adapting the bandwidth of each individual SCell, being able to put SCell into power saving state and bringing it back briskly would be more effective for power saving. SCell dormancy state can correspond to a designated BWP with special attributes supporting low power operation. Such BWP can be called “dormant BWP” where no uplink or downlink grant is expected by the UE, but other periodic activities such as CSI measurement and reporting may happen at a much larger periodicity.
The details of how “dormant BWP” can be configured can be discussed further. During period of low traffic activity, activated SCell(s) can have its active BWP switched to the dormant BWP; The UE would continue monitoring DL control channel on the PCell, but not on the SCell(s) with dormant BWP being active. The actual signaling mechanism to put SCell in and out of dormant BWP can be done via specialized BWP DCI signaling on the PCell. Also, the default BWP for the SCell can be configured to be the dormant BWP, so that when BWP timer expires, the SCell autonomously switches to the dormant BWP for power saving. 
Alternatively, a more simplified scheme is to base the switching of SCell’s dormant BWP on PCell’s active BWP status. For example, one BWP on PCell can be designated as the “power saving BWP” and whenever it is active, SCell’s active BWP is implicitly switched to the dormant BWP (illustrated below). It is most logical to configure the power saving BWP the same as the default BWP on PCell, so that upon BWP timer expiry, SCells are switched to the dormant BWP. For better flexibility, the set of SCells affected by the implicit switching can also be RRC-configured.



Being able to bring SCell(s) in and out of dormancy relatively quickly is beneficial for power saving. Leveraging the BWP framework allows reusing many of the mechanisms (e.g. DCI signaling, BWP inactivity timer, etc), resulting in less specification work and impact.
Dormant BWP should be configured considering the following. There should be no PDCCH monitoring for the SCell when the dormant BWP is “active”. This can be achieved by CORESET / search space configuration for the BWP. CSI or SRS activities should have reduced duty cycle, and these can be configured accordingly for the BWP. RRM requirement can also be relaxed. Beam management can also be relaxed according to reduced CSI transmissions.
[bookmark: _Toc1149877]Proposal 3: SCell dormancy state should be supported in Rel-16 NR for power saving. The BWP framework should be enhanced to support operation with “dormant BWP”.

[bookmark: _Ref528948684]Semi-persistent search space configuration
A DCI-based search space set activation/deactivation scheme has been proposed in the context of PDCCH monitoring reduction [3]. In this scheme, the SS sets in the SCell remains inactive normally, and can be selectively activated by DCI signaling from the anchor SS set. When a SS set is inactive, the UE will skip PDCCH monitoring in the set.
In connection with the dormancy state, an SCell may be said to be dormant when all the configured SS sets within the cell are inactive. Therefore, the DCI-based SS set activation/deactivation may be considered as a signaling basis for fast transition of SCell to the dormancy state.
[bookmark: _Toc528863312][bookmark: _Toc528958967][bookmark: _Toc528960883][bookmark: _Toc534394002][bookmark: _Toc1149878]Proposal 4: Semi-persistent search space configuration based on DCI-signaling can be considered to support fast transitioning in and out of SCell dormancy state.

Latency Comparison
One difference with SCell dormancy state is that when a SCell is deactivated, UE does not have to perform any measurement or operations on the SCell, whereas for SCell dormancy state, UE may perform CQI measurements and reporting, albeit at a much sparser periodicity. It is expected that transitioning from dormancy state to activated state is still much shorter than transitioning from deactivated state, if it is implemented similar to BWP transition. Based on initial estimates, even for the best optimization scenario, SCell activation latency may be reduced to 6~7 milliseconds, but still quite large compared to SCell dormancy BWP transition latency.
	Scheme
	Latency
(15kHz SCS)
	Comment

	Dormant BWP switching
	1~3 msec
	BWP transition latency for multiple CC is to be decided in RAN4

	Fast Scell activation
	7~12 msec 
	Best optimization estimate

	Rel-15 SCell activation (baseline)
	24~84 msec
	Upper range is for unknown cell. Lower range for known cell with SCell measurement cycle less than 160 msec.



[bookmark: _Hlk534965862]One way the two proposed schemes can be differentiated is that SCell dormancy state targets faster (short-term) traffic variations, while fast SCell activation/deactivation targets slower (long-term) traffic variations.

1.1 SCG RACH Procedure Latency Reduction
As described below, one objective of DC/CA enhancement WI is the efficient and low latency serving cell configuration/activation/setup.
RP-181469:
Efficient and low latency serving cell configuration/activation/setup: Minimizing signaling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]
o	This objective applies to MR-DC, NR-NR DC and CA
[bookmark: _Hlk534898345]o	The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode

In the following, we focus on reducing SCG setup latency in DC, which includes latency due to initial access on PSCell. As shown in Figure 3, DC with NR as SCG includes two scenarios: EN-DC and NR-NR DC. For UE at the cell edge of NR PSCell, the initial access may be delayed due to message retransmissions. Compared with connected mode, retransmissions may happen more frequently in initial access due to the use of wider beams. Beam refinement may only be performed when UE is in connected mode in R15.
Therefore, to reduce initial access latency on PSCell, latency reduction mechanisms should be considered for corresponding message transmissions. Otherwise, initial access latency may be significantly affected by message retransmissions. In R15, if Msg1 has no response, UE may have to retransmit in next RACH occasion. Initial access is successful only when all messages go through successfully. 
[bookmark: _Toc1149879]Proposal 5: Consider latency reduction mechanisms for RACH procedure on SCG, including both CBRA and CFRA. 

[image: ]
[bookmark: _Ref525819517][bookmark: _Hlk534972806]Figure 3: DC scenarios with NR as SCG

1.2 CSI-RS Resource Repetition for Mobility
To reduce initial access latency on PSCell, one way is to improve message reception reliability via UE beam refinement. Specifically, for UE performing CFRA on PSCell, PCell can configure PSCell to transmit CSI-RS with repetition. As illustrated in Figure 4, UE can beam sweep within each CSI-RS repetition to find the best Tx/Rx beam pair, which is then used for the following message exchange. This will improve the link budget and hence the latency for the whole initial access. 



Figure 4: UE Rx refinement via repetition of CSI-RS for mobility

However, according to [4], the CSI-RS in CFRA follows the structure of CSI-RS for mobility, which currently cannot be configured with repetition. So far, only NZP-CSI-RS resource set for L1 measurement can be configured with repetition in R15. Therefore, it would be beneficial to also enable repetition configuration of CSI-RS for mobility. 
[bookmark: _Toc1149880]Proposal 6: Support repetition of CSI-RS for mobility.
[bookmark: _Toc503314554][bookmark: _Toc503531337]Conclusion
In this contribution, the following proposals have been made.
Proposal 1: A-TRS/CSI triggering from SCell activation command should be supported in Rel-16 to greatly reduce SCell activation time.
Proposal 2: DCI-based signaling for SCell activation/deactivation should be supported in Rel-16, if other enhancements are also adopted to greatly reduce the overall activation timeline.
Proposal 3: SCell dormancy state should be supported in Rel-16 NR for power saving. The BWP framework should be enhanced to support operation with “dormant BWP”.
Proposal 4: Semi-persistent search space configuration based on DCI-signaling can be considered to support fast transitioning in and out of SCell dormancy state.
Proposal 5: Consider latency reduction mechanisms for RACH procedure on SCG, including both CBRA and CFRA.
Proposal 6: Support repetition of CSI-RS for mobility.
[bookmark: _GoBack]
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