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Introduction
[bookmark: _Hlk510705081]In this document, contributions submitted under agenda item 7.2.13.3 on Efficient and low latency serving cell configuration/activation/setup [1-13] are summarized, along with some suggestions for further discussion.
Discussion
Discussion on different proposed enhancements can be categorized into following areas
· Improvements to Rel15 Scell activation/deactivation procedure
· Improvements related to ’dormancy-like behaviour’ on activated Scells (i.e., sparse/no PDCCH monitoring on activated Scell while maintaining CSI mearurments/reporting)
· Other improvements for Rel16 

1. Improvements to Rel15 Scell activation/deactivation procedure
a. Short interval CSI measurements/reporting, ’Temporary RS’, aperiodic TRS triggered during Scell activation - [1],[3],[6],[7],[8],[13]
b. L1 based activation/deactivation – [2],[7],[12],[13]
c. Additional CSI-RS or TRS configured on deactivated Scells – [7],[9]
d. Use aperiodic CSI-RS trigger as implicit indication to also activate Scell - [9]
e. No improvements specified in Rel16 – [5]
Notes
· [bookmark: _GoBack]Most companies support triggering one of the following during Scell activation – a) short interval CSI measurements/reporting, b) ’Temporary RS’, c) aperiodic TRS 
· RAN1 and RAN2 already sent LSs to RAN4 asking how much Scell activatation latency reduction can be achieved, if RS like above are available
· More discussion needed on specific details. i.e.,
· Specific RS measurement/reporting configuration to be triggered during activation
· How is the trigerring done? (explicit in activation command, implicit during activation etc.)
· Also discuss if RAN1 should wait for RAN4 input or proceed with above design aspects in paralell

2. Improvements related to ’dormancy-like behaviour’ on activated Scells (i.e., sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting)
a. DCI on serving cell x to adapt PDCCH monitoring on Scell(s) other than cell x (for UE not configured with cross-carrier scheduling/CIF)
i. [2],[11],[13] (DCI-based SS set activation/deactivation) 
b. DCI on serving cell x to adapt BWP switching on Scell(s) other than cell x (for UE not configured with cross-carrier scheduling/CIF)
i. [2],[7],[8],[13] 
c. implicit linkage between BWP switching on cell x and BWP switching on Scell(s) different from cell x
i. [1] (BWP switch bundle and/or CC grouping), [4],[7],[8] 
d. For UE configured with cross-carrier scheduling/CIF
i. per-BWP configuration of cross-carrier vs. self scheduling (i.e., instead of Rel15 per serving cell configuration) – [10]
ii. Rel15 per cell configuration of cross-carrier scheduling vs. Self-scheduling (i.e., use existing spec) – [2]
e. MAC CE signalling to adapt PDCCH monitoring periodicity of Scells – [5]
f. Use ’power saving signal’ , ’pdcch skipping’ – [6],[12]

Notes
· Most companies want to support ’dormancy-like behaviour’ on activated Scells (i.e., sparse/no PDCCH monitoring on activated Scell while maintaining CSI measurements/reporting)
· Many alternatives proposed for trigerring to/from ’dormancy like behavior’ with low latency
· Discuss further pros and cons of above alternatives and and how to harmozie/prioritize different cases (e.g., with/without cross carrier scheduling, with/without multiple BWPs on Scells, etc.)

3. Other improvements 
a. Cross-carrier triggering of PDCCH order [1]
b. Signalling of QCL/RSRP/coupling loss linkage between different serving cells [9]
c. BWP switch in L1 activation command – [12]
d. repetition of CSI-RS for mobility [13]
e. SCG RACH Procedure Latency Reduction [13]
f. UE configured to measure SSB with a separate SMTC monitoring cycle when ’dormancy’ behaviour is used [13]
Notes
· Discuss further above improvements
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Annex A – Proposals in the tdocs
R1-1908099	Discussion on SCell activation and deactivation	Huawei, HiSilicon
Observation 1: During the SCell activation,
· SMTC periodicity is the main component;
· L1 based activation signaling through PDCCH does not seem to provide obvious benefit on latency;
· Periodic CSI-RS and periodic CSI reporting are simple process for frequency/time tracking, measurement and reporting. 
Observation 2: Without search space configuration optimization for scheduled cell (e.g. separate PDCCH monitoring period), even if per BWP configuration of cross-carrier scheduling is introduced, the benefit of “dormancy-like BWP behaviour” for the SCell may not be significant.
Observation 3: Switch between different configured BWPs can control both PDCCH monitoring and CSI measurement.
Observation 4: For additional explicit L1 signalling, new DCI design of cross-carrier BWP switch or separate cross-carrier PDCCH monitoring/CSI measurement control is needed for fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring. 
Observation 5: In current specification, SCell activation delay varies from about ten milliseconds to tens of milliseconds based on SCell FR, states and network configurations. Optimized SCell activation delay could be about 10 ms for FR1 known SCell.
Observation 6: Activated SCell from dormancy to normal delay could be about a few milliseconds when not considering AGC and BM procedure, similar to BWP switching delay.
Observation 7: The energy consumption in a deactivated SCell would be 20* Tdeactivated.
Observation 8: When activities of AGC and beam management are not considered, the energy consumption of SCell activated (dormancy) would be 100* Tdormancy_CSIProc+20* (Tdormancy-Tdormancy_CSIProc).
Observation 9: In some cases, random access procedure on a SCell is needed and can only be initiated by a PDCCH order.
Observation 10: Random access delay for a SCell being activated can be seen as the sum of SCell activation delay and random access triggering delay.
Observation 11: Random access delay for a SCell being activated can be reduced to SCell activation delay if cross-carrier PDCCH order can be supported.

Proposal 1: Short interval periodic CSI-RS resource and CSI reporting can be supported for low latency of SCell activation.
Proposal 2: BWP switch with BWP bundle configuration can be supported for fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring.
Proposal 3: Whether activities of AGC and beam management are needed in ‘dormancy-like behaviour’ on activated SCells should be clarified.
Proposal 4: Improvements on both R15 SCell activation/deactivation procedure and  ‘dormancy-like behaviour’ on activated BWP can be supported in R16.
Proposal 5: Cross-carrier triggering PDCCH order by DCI format 1_0 or DCI format 1_1 should be supported.
Proposal 6: Support the UE to have different behaviors on different cell in order to reduce PDCCH monitoring on SCell(s).
R1-1908180	Efficient Scell activation	vivo
Observation 1: The Scell activation delay can be reduced from 27ms (assuming typical 20ms SMTC periodicity) to 
· Around 5~6ms if DCI is used for Scell activation and on-demand RS triggering
· Around 8~9ms if MAC CE is used for Scell activation and on-demand RS triggering
Proposal 1: To reply Q4 and Q5 of RAN2 LS in R1-1908003 based on the above analysis and observation 1. 
Proposal 2: NR supports a DCI based Scell activation command and on-demand RS for UE Scell preparation triggered by the DCI command. 
Observation 2: With support of “dormancy” behavior, the latency from a “dormancy” behavior to a regular Scell monitoring can be down to 1ms level.
Proposal 3: To reply Q1 of RAN2 LS in R1-1908003 based on the above analysis and observation 2.
Proposal 4: Support the following enhanced schemes to minimize the UE power consumption on an activated Scell:
· Dynamic switching of PDCCH monitoring periodicity for an activated Scell based on a DCI indication from another serving cell, e.g. Pcell
· Dynamic BWP switching from a ‘dormant’ DL BWP (DL BWP without PDCCH search space) to a regular DL BWP for an activated Scell, based on a DCI indication from another serving cell, e.g. Pcell
Proposal 5: If necessary, RAN1 further investigates the potential adaptation schemes to support Scell “dormancy” behavior without relying on cross-carrier scheduling capability.

R1-1908244	Discussion on low latency Scell activation	ZTE
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.

R1-1908391	Efficient and low latency SCell data transmission for NR CA	MediaTek Inc.
Observation 1: BWP-based switch is currently available to support dormancy behaviour on SCell (s). If BWP-based switch is not used for dormancy behaviour, huge duplicated efforts are required to cover
· new mechanism of L1-indication from dormancy behaviour to active behaviour (by RAN1)
· new mechanism of L1-indication from active behaviour to dormancy behaviour (by RAN1)
· new RRC configuration of periodic CSI[/RRM] measurement for dormancy (by RAN2)
· new switch delay requirement (by RAN4)

Proposal 1: BWP-based switch should be used to achieve dormancy behaviour on SCell (s).
Observation 2: To support up to 16 DL CCs in NR with a new dedicated DCI to bring each CC from dormancy behaviour to active behaviour, more than 15 bits would be required.
Observation 3: Since the new dedicated DCI is not a scheduling DCI, there would be no HARQ ACK/NACK for this DCI, and thus decrease the robustness of this switch mechanism. 
Proposal 2:  Implicit bundled configurations between PCell and SCell(s) for switch from dormancy behaviour to active behaviour on SCell (s) is supported as an efficient and scalable solution for adapting SCell (s) operations. The implicit indication can be
· Option 1: SCell (s) switches from dormancy behaviour to active behaviour when PCell has data scheduling activity
· Option 2: SCell (s) switches from dormancy behaviour to active behaviour when PCell switches to large data BWP
Proposal 3: Use explicit indication to specify the SCell (s) bundle relation based on user application, while transition follows PCell by implicit bundled switch. In this case, only part of the SCell (s) switch from dormancy behaviour to active behaviour depending on the explicit indication. The explicit indication based on RRC/MAC-CE/DCI is FFS and the implicit bundled indication is based on BWP or data scheduling activity is FFS.

R1-1908516	On SCell Activation/Deactivation	Samsung

Proposal: RAN1 should first conclude on a total expected delay for activating/deactivating “dormant” SCells by L1/MAC/RCC and then compare explicit L1 signaling to Rel-15 RRC signaling or to potential enhancements of Rel-15 MAC CE signaling.  


In addition, the following observations are made.

Observation 1: Enhancements to Rel-15 NR SCell activation procedure are not further considered.

Observation 2: NR Rel-15 allows for SCell “dormancy” based on RRC signaling.

Observation 3: An explicit L1 approach that combines triggering an SCell out of “dormant” state, A-CSI-RS triggering on the SCell, CSI report for the SCell, and flexibility in indicating corresponding SCells is preferable in terms of latency and flexibility over implicit L1 approaches.

Observation 4: Enhancing Rel-15 MAC CE is a simpler and potentially more flexible option than introducing new L1 signaling for activating/deactivating “dormant” UE operation on an SCell.

R1-1908578	Fast Scell activation and Scell dormancy CATT
Proposal 1:  The power saving signal/channel at the PCell is used to include the control information to trigger  the UE in or out of the dormancy behavior before or within Active time.  
Proposal 2:  The PDCCH skipping should be supported as the short dormancy behavior when SCell in the active state.     
Proposal 3:   Temporary RS is useful in helping UE performing channel tracking and CSI/RRM/beam measurements for fast SCell activation
Proposal 4:   The temporary RS could be indicated by the power saving signal/channel
R1-1908876	Discussion on fast activation and deactivation of scell	CMCC
Proposal 1. A new group common DCI can be used as the L1-based Scell activation/deactivation signalling.
Proposal 2. Additional RS resources can be pre-configured on deactivated Scells or triggered by Scell activation DCI signalling.
Proposal 3. Dormant BWP with no search space configuration should be supported.
Proposal 4. Two alternatives can be further studied as the BWP switch solution from dormant BWP to normal BWP on Scells:
•	Alt 1. Using a new DCI on Pcell;
•	Alt 2. Scell BWP switch behaviour is implicitly derived from Pcell 
R1-1908924	Efficient CA design 	Nokia, Nokia Shanghai Bell
Observation 1: In “dormancy”, potential power saving can be estimated to be between 50-75%
Observation 2: Latency of activation from state of spare/no monitoring on activated Scell would be small. TYPE 1 timeline of BWP switch delay could be considered for switching from dormant BWP (Alt.2). Alt1 could potentially reduce this delay, however, this requires further discussion in RAN4.
Observation 3: Alt2 does not require any specification effort in RAN1 and minor specification effort in RAN2.
Based on the above observations 1-3 we have the following proposal:
Proposal 1: To facilitate fast activation from state of spare/no monitoring on activated Scell, use implicit/explicit signalling on cell x to trigger BWP switch on Scell
· A BWP configured with spare/no monitoring on activated Scell is a dormant BWP
· Note: In above bullets cell x can be Pcell or another Scell that is the scheduling cell for the Scell(s) being activated
Proposal 2: Reply to LS:
· The introduction of “dormancy” is feasible from RAN1 perspective
· 50-75% power saving can be achieved by activating “dormancy” at Scell 
· The activation delay from state of spare/no monitoring on activated Scell is comparable to BWP switching delay (R15) which is required to adapt RRC parameters between BWPs.
· If dormancy is enabled by switching between an active BWP, RAN2 shall enable configuration of cross-carrier scheduling per BWP instead of per cell in R16 to facilitate fast BWP switching from dormant BWP. Otherwise, no further specification impact is expected in RAN1.

Observation 4: The introduction of new activation procedure based on temporary RS is feasible from RAN1 perspective.
Observation 5: Deactivation of Scell enables 100% power savings (deep sleep)
Observation 6: In RAN1, specification impact of new TMRS-based Scell activation procedure can be limited to definition of TMRS triggering.  
Observation 7: By introducing TMRS-based Scell activation procedure, Scell activation delay could be reduced from typical 20ms (SMTC periodicity) to [5] ms instead.  
Based on the observations 4-7 we have the following proposal: 

Proposal 3: Introduce new TMRS-based Scell activation procedure
· activation is MAC-CE based 
· FFS: indication of the TMRS slot(s) positions and pattern
· FFS: handling collision of TMRS and SSB
Proposal 4: Reply to LS:
· The introduction of new activation procedure based on temporary RS is feasible from RAN1 perspective  
· 100% power saving (Deep sleep) can be achieved by deactivating Scell 
· TMRS-based Scell activation procedure can reduce activation time, i.e the time between MAC-CE send and the time when PDCCH can be received on Scell,  from typical 24ms to about [~5] ms 
· If the new TMRS-based Scell activation procedure is based on MAC-CE activation, then RAN1 specification effort is not significant. 
R1-1909021	NR fast SCell activation, Futurewei
Observation: Side information about the pathloss, coupling loss, RSRP, and/or frequency/timing offset for the to-be-activated SCell may be available from another cell and help reduce activation latency.
Proposal 1: Support utilizing side information about the pathloss, coupling loss, RSRP, and/or frequency/timing offset via:
· Introducing new QCL types 
· Introducing cell sets sharing common properties
· Introducing offset value signalling.
Proposal 2: Support acquiring new information about the deactivated SCell via:
· Periodic CSI-RS/TRS for the deactivated SCell
· Aperiodic CSI-RS/TRS for the deactivated SCell
· A combination of above
Proposal 3: Support signaling latency/overhead reduction in activation via existing L1 aperiodic triggers.

R1-1909131	Open issues on SCell fast activation and deactivation	ASUSTEK COMPUTER (SHANGHAI)
Observation 1: Fast adaptation of PDCCH monitoring as a result of state transition, e.g. between deactivated/dormant state and activation state” is within the scope of MR-DC WID.
Observation 2: Signaling indicating fast activation of one serving cell would come from another serving cell.
Observation 3: The necessity to support sparse PDCCH monitoring in deactivation state or dormant state is unclear.
Proposal 1: For MR-DC, RAN1 focus on enabling fast adaptation from no PDCCH monitoring to more frequent PDCCH monitoring and vice versa.
Observation 4: Using BWP switch command for fast adaptation of PDCCH monitoring can avoid defining new DCI and reuse exiting signaling details.
Observation 5: Supporting fast adaptation between self-scheduling and cross-carrier scheduling can ensure availability of fast activation.
Proposal 2: BWP switch command is used for fast adaptation between no PDCCH monitoring and more frequent PDCCH monitoring.
Proposal 3: Fast adaptation between self-scheduling and cross-carrier scheduling via BWP switch is supported.

R1-1909144	Reduced latency Scell management for NR-NR CA	Ericsson
Observation 1
· With current NR CA framework
· Individual Scells can be activated/deactivated for efficient scheduling according to traffic data arrival.
· If Scell activation delay is small (e.g. a few slots), the required number of Scells can be quickly activated at the onset of data burst arrival and deactivated upon completion of data burst transmissions to reduce UE power consumption. 
· However, according to current RAN4 specifications, NR activation delay can be quite long (in the range of  ~5ms to hundreds of milliseconds) and due to this Scells are likely to be always activated leading to increased UE power consumption.

Observation 2
· By introducing ‘dormancy like behaviour on activated Scells’ 
· Scell management latency is reduced by keeping Scells activated for long durations which avoids the deactivated  activated state transitions that have the currently specified long delays.
· CSI measurements and any associated beam management procedures are maintained on activated Scells so that cells are available for quick data scheduling
· PDCCH monitoring on the activated Scells is adapted according to data burst arrival to reduce UE power consumption.

Proposal
· Support dormancy like behavior on activated Scells using following L1 mechanism
· Introduce dedicated DCI format to adapt PDCCH monitoring on activated SCell(s) 
· The DCI format is sent on Pcell/scheduling cell for the Scells
· The DCI format is monitored in UESS without additional UE BDs
· N = [1] bit(s) per configured Scell is used in the DCI to adapt between sparse/no PDCCH monitoring and frequent PDCCH monitoring
· When UE is configured with multiple BWPs for the Scell, PDCCH monitoring adaptation indication is applicable on current active BWP at the time when the DCI format is received.

R1-1909224	Discussion on efficient Scell operation OPPO
Proposal 1: DCI based Scell activation/deactivation is supported.
Proposal 2: Joint Scell activation and BWP switching is supported.
Proposal 3: PDCCH monitoring periodicity adaptation and PDCCH skipping shall be supported on Scell.

R1-1909287	Fast SCG and Scell activation	Qualcomm Incorporated
Observation 1: In NR, AGC, initial CQI warm up, beam management and MIB reading can be all performed based on SSB monitoring.
Observation 2: 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 return to SCell utilization when traffic arrives.

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 compared to Rel-15.
Proposal 3: “Dormancy” behavior can be supported in NR, i.e. the UE can be configured to measure SSB with a separate SMTC monitoring cycle for AGC, initial CQI warm up, beam management and MIB reading when no PDCCH/PDSCH is expected, to achieve good trade-off between latency reduction for return to SCell utilization and UE power consumption.
Proposal 4: In NR, “dormancy” behavior for a SCell can be supported by configuring a particular BWP without PDCCH/PDSCH monitoring as the dormant BWP for the SCell.
Proposal 5: RAN1 supports dormant BWP and specifies the required new DCI signaling and/or BWP switching behavior for dormant BWP on SCell in association with the PCell.
Proposal 6: Semi-persistent search space configuration based on DCI-signaling can be considered as an alternative to support fast transitioning in and out of SCell “dormancy” behavior.
Proposal 7: New DCI information to trigger BWP switch from dormant BWP on SCell and/or fast SCell activation should be based on reusing an existing DCI of C-RNTI that the UE is expected to monitor for DL scheduling, but with special values in one or more existing fields to allow reinterpreting other field(s) as containing the new information. UE is expected to send acknowledgement based on the HARQ-ACK resource indicated by the DCI.
Proposal 8: Consider latency reduction mechanisms for RACH procedure on SCG, including both CBRA and CFRA.
Proposal 9: Support repetition of CSI-RS for mobility.
Annex B – LS from RAN2

RAN2 discussed NR fast SCell activation, and made below agreements:

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 utilisation 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 soluton for  fast SCell activation. RAN1/4 input required on feasibility and benefit.

As a summary, RAN2 concluded to study two solutions: the ‘dormancy’ behaviour and the temporary RS at SCell activation to reduce activation latency (e.g. SSB, CSI-RS or TRS activated after SCell activation), which are illustrated in above agreements. To make progress, RAN2 would like to request RAN1/RAN4 for input on their feasibility and benefit.
For this study, RAN2 focus on latency performance for fast return to SCell utilisation for data transfer. RAN2 would like to understand better on what UE activities contribute to the latency of SCell activation in NR Rel-15. According to TS 38.133, it is specified the following requirements of NR SCell activation latency, which include three parts:
 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]
RAN2 would like to ask RAN4: 
Q 1:  Which part is the dominant contributor to NR SCell activation latency? Any difference between FR1 and FR2?
Then RAN2 would like to ask RAN1/RAN4 input on the ‘dormancy’ behaviour. 
Q 2:  which part of latency can be reduced via the ‘dormancy’ behaviour and by how much?

Q 3: if the latency can be reduced, is it feasible to support ‘dormancy’ behaviour from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?

RAN2 also would like to ask RAN1/RAN4 input on temporary RS.
Q 4: which part of latency can be reduced via temporary RS and by how much?

Q 5: if the latency can be reduced, is it feasible to support temporary RS from RAN1/RAN4 perspective? If it is feasible, what are expected spec impacts from RAN1/RAN4 perspective?

