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Introduction
[bookmark: _Hlk26864288]In RAN1 #104b-e, efficient activation/de-activation for SCell was discussed with following agreements [1]:
Agreement
For efficient activation of SCells
· Option 1a: MAC CE(s) contained in a single PDSCH to trigger both SCell activation and corresponding temporary RS(s)
· Details FFS including timeline design for receiving temporary RS
Note: Separate from the support of Option 1a, it is up to RAN4 whether or not to consider an activation time enhancement for Option 2 without requiring further RAN1 work
· Option 2: A Rel-15/16 SCell activation MAC-CE to trigger SCell activation and a Rel-15/16 DCI to trigger corresponding Rel-15/16 A-TRS(s)

In this contribution, we show our views on efficient activation/de-activation for SCell.
Discussion
Known SCell vs. unknown SCell
In RAN4, SCell activation delay requirements are defined based on a set of parameters, including: FR1 vs. FR2, known cell vs. unknown cell, SCell measurement cycle configuration, CSI-RS configuration mode and so on. Most of these parameters depend on gNB configuration so that gNB and UE can share the same understanding about the parameter settings. However, the parameter of known/unknown SCell is an exception. 
The RAN4 definition of known/unknown SCell (for the case of FR1, in TS 38.133) is copied as following.
	SCell in FR1 is known if it has been meeting the following conditions:
-	During the period equal to max(5*measCycleSCell,  5*DRX cycles) for FR1 before the reception of the SCell activation command:
-	the UE has sent a valid measurement report for the SCell being activated and
-	the SSB measured remains detectable according to the cell identification conditions specified in clause 9.2 and 9.3.
-	the SSB measured during the period equal to max(5*measCycleSCell, 5*DRX cycles) also remains detectable during the SCell activation delay according to the cell identification conditions specified in clause 9.2 and 9.3.
Otherwise SCell in FR1 is unknown.


As seen, there are two conditions for a SCell in FR1 to be known SCell: 
· Condition-1: UE has sent a valid SSB measurement report for the SCell during a given period of T before reception of SCell activation command; 
· Condition-2: The SSB measured during T remains detectable during T as well as the SCell activation delay interval (i.e., after reception of SCell activation command), where the detectability of SSB is decided according to the SS-RSRP/SS-RSRQ/SS-SINR/SSB-RP/SSB-EsIoT for a corresponding band. 
However, there is no specification so far to ensure both gNB and UE can have the same understanding on whether a SSB “remains detectable in a given period”, which makes known/unknown SCell to be just a RAN4 description tool for UE requirements on SCell activation, i.e., keeping the concept transparent to other WGs as of nowadays. In other words, any RAN1 procedure that needs coordination between gNB and UE, e.g. fast SCell activation, should not be built upon RAN4 concept of known/unknown SCell.
Observation 1: As of Rel-16, known and unknown SCell are RAN4 internal terminologies; and gNB and UE may not have the same understanding whether a to-be-activated SCell is known or unknown. 
Temporary RS structure
RAN4 replies two LSs [2][3] on temporary RS structure, as summarized in Table 1:
[bookmark: _Ref71546925]Table 1 RAN4 requirements on Temporary RS structure
	
	known SCell,
w/o contiguous active serving cell in the same band
	known SCell,
w/ contiguous active serving cell in the same band
	unknown SCell, w/ contiguous active serving cell in the same band 
	unknown SCell, w/o contiguous active serving cell in the same band

	FR1, measurement cycle<=160ms
	T/F tracking: 1 burst required.
	AGC: 1 burst required if pwr diff. <=6dB. (no information from RAN4 for otherwise)
T/F tracking: 1 burst required. 
(Note 1)
	FFS in RAN4

	FR1, measurement cycle>160ms
	AGC: 1 burst
T/F tracking: 1 burst
(Note 1)
	
	

	FR2
	Fine time tracking: 1 burst required. 
	T/F tracking: 1 burst required. 
	No TRS should be used for AGC. No RAN4 conclusion on using TRS for T/F tracking. 


Note 1: Interval between the two burst may be either 2slots or 2ms (TBD in RAN4).
It can be seen from above summary:
1) A-TRS with repetition of two bursts is required in FR1. However, at least for the case where the measurement cycle is no more than 160ms and to-be-activated SCell has a contiguous active serving cell in the same band, the UE requires either no TRS burst for AGC or one burst TRS for AGC, depending on whether to-be-activated SCell is known or unknown, which is however not known to gNB. Therefore, for simplicity, A-TRS with repetition of more than one burst should be applied in all cases in FR1 that RAN4 allows A-TRS being used for fast cell activation.  
2) When the to-be-activated SCell is unknown and meanwhile does not have a contiguous active serving cell in the same band, RAN4 LS suggested that A-TRS should not be used for fast cell activation in FR2 and probably in FR1 as well. However, because the gNB is not aware of whether a to-be-activated SCell is known to UE or not, gNB remains uncertain about whether the UE follows the fast cell activation timeline with A-TRS or the legacy cell activation timeline with SSB, which means gNB has to be made prepared in handling two kinds of timelines. Meanwhile, UE could fallback to legacy SCell activation based on SSB, either at the beginning of the SCell activation or after failure of SCell activation based on A-TRS.
Proposal 1: A-TRS with repetition of more than one burst is always applied for fast SCell activation in FR1.
Proposal 2: RAN1 does not provide Rel-17 fast SCell activation enhancement for a to-be-activated SCell in FR2 that is an unknown cell and does not have a contiguous active serving cell in the same band.  
Proposal 3: RAN1 allows gNB not knowing UE behavior on whether to choose A-TRS-based fast SCell activation or SSB-based legacy SCell activation. 
QCL information
As working assumption in RAN1#104e, due to uncertainty of known SCell and unknown SCell, it is difficult for gNB to judge and then to indicate whether a SSB before SCell activation is a safe QCL source for A-TRS. 
	Working Assumption
For efficient SCell activation with assistance of temporary RS, a SSB of the to-be-activated SCell can be indicated as a QCL source for the temporary RS in case of known SCell
· FFS: QCL type
· FFS: the case of unknown SCell
· FFS: other QCL source, e.g. the SSB/P-TRS of another active cell



On the other hand, if any optimization should be given upon QCL relationship, we think the optimization should be the other way around: A-TRS can be the QCL source of SSB and CSI-RS transmitted after A-TRS, and Rel-15 QCL type for P-TRS and SSB/CSI-RS, i.e. Type C or Type D, can be reused.
Proposal 4: A-TRS can be a QCL source for SSB and CSI-RS to assist SSB detection and CSI measurement. Rel-15 QCL type for P-TRS and SSB/CSI-RS can be reused for A-TRS and SSB/CSI-RS.
Associated BWP
Once SCell activation command is received, the UE detects SSB in the BWP identified by firstActiveDownlinkBWP-Id. So A-TRS for fast SCell activation should be associated with the firstActiveDownlinkBWP to reduce specification and implementation complexities by avoiding BWP switching. 
Proposal 5: A-TRS for fast SCell activation should be associated with the firstActiveDownlinkBWP.
Triggering command
The solution of A-TRS triggering signaling is narrowed down to the following three options. 
· Option 1: Reuse legacy MAC-CE
Option 1 is to use Rel-15/16 SCell activation MAC-CE to implicitly trigger the A-TRS belonging to a specific configuration. To be more specific, if a UE is configured with the specific TRS configuration, it expects the A-TRS being sent by gNB once it receives the SCell activation MAC-CE; otherwise, it follows the legacy SCell activation process upon reception of SCell activation MAC-CE. Option 1 has smallest spec impact.
· Option 2: One new MAC-CE 
Option 2 is to design one new MAC-CE, including SCell activation filed and A-TRS triggering field. A-TRS triggering field corresponds with some A-TRS configurations pre-configured by RRC or indicates specific A-TRS parameter, e.g. offset. 
Comparing with option 1, option 2 provides flexibility of A-TRS structure. However, according to above analysis, gNB and UE does not have common understanding on whether a to-be-activated SCell is known or unknown. So gNB cannot always configure a precise A-TRS structure to match diverse to-be-activated SCell situation and a conservative A-TRS structure is always applied, then the flexibility of A-TRS structure is not necessary. Moreover, Option 2 needs more high layer spec work.
· Option 3: Two MAC-CEs in one PDSCH
Option3 is to reuse Rel-15/16 SCell activation MAC-CE and to design one new MAC-CE for A-TRS triggering. Moreover, the two MAC-CE’s should be restricted to be delivered within one PDSCH. Usually it is an implementation issue to transmit two MAC-CE either jointly in one PDSCH or separately in two PDSCHs. gNB makes decision depending on available resource and system efficiency. Restriction on two MAC-CEs in one PDSCH may lead system efficiency loss. The decision on Option 3 should be made in RAN2, given the related spec impact happens in RAN2. 
Given the benefits of option 2 and option 3 are limited but more spec works are required, option 1 is preferred due to smallest spec impact.
Proposal 6: For a UE configured with A-TRS for fast SCell activation, Rel-15/16 SCell activation MAC-CE implicitly triggers the transmission of A-TRS based on the configured transmission parameters.
Timeline requirement
The gNB usually transmits A-TRS after ensuring the UE has successively received the SCell activation command. So, the slot to transmit A-TRS should be after the slot of HARQ-ACK feedback of SCell activation command and it is natural to define starting point of A-TRS offset as the HARQ-ACK feedback slot of triggering command.
In addition, to ensure UE has enough time for MAC layer procedure, offset should be no smaller than 3 ms.
Proposal 7: The starting reference point of A-TRS offset is the slot of HARQ-ACK feedback for the PDSCH carrying SCell activation command.
· The offset should be no smaller than 3 ms.
Conclusions
In this contribution, we show our views on the enhancements on efficient activation/de-activation for SCell with following observation and proposals:
Observation 1: As of Rel-16, known and unknown SCell are RAN4 internal terminologies; and gNB and UE may not have the same understanding whether a to-be-activated SCell is known or unknown. 
Proposal 1: A-TRS with repetition of more than one burst is always applied for fast SCell activation in FR1.
Proposal 2: RAN1 does not provide Rel-17 fast SCell activation enhancement for a to-be-activated SCell in FR2 that is an unknown cell and does not have a contiguous active serving cell in the same band.  
Proposal 3: RAN1 allows gNB not knowing UE behavior on whether to choose A-TRS-based fast SCell activation or SSB-based legacy SCell activation. 
Proposal 4: A-TRS can be a QCL source for SSB and CSI-RS to assist SSB detection and CSI measurement. Rel-15 QCL type for P-TRS and SSB/CSI-RS can be reused for A-TRS and SSB/CSI-RS.
Proposal 5: A-TRS for fast SCell activation should be associated with the firstActiveDownlinkBWP.
Proposal 6: For a UE configured with A-TRS for fast SCell activation, Rel-15/16 SCell activation MAC-CE implicitly triggers the transmission of A-TRS based on the configured transmission parameters.
Proposal 7: The starting reference point of A-TRS offset is the slot of HARQ-ACK feedback for the PDSCH carrying SCell activation command.
· The offset should be no smaller than 3 ms.
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Appendix. RAN4 Reply LS on A-TRS structure
	· SCell to be activated is known and belongs to FR1
· If SCell measurement cycle is equal to or smaller than 160ms
· temporary RS can be used for time/frequency tracking
· 1 burst (2-slot with four CSI-RS resources) is required based on RAN1 working assumptions on temporary RS design provided in the LS R1-2009798.
· If SCell measurement cycle is larger than 160ms
· temporary RS can be used for AGC
· 1 burst (2-slot with four CSI-RS resources) is required
· temporary RS can be used for time/frequency tracking
· 1 separate burst (2-slot with four CSI-RS resources) is required in addition to the one burst required for AGC
· The agreements above apply based on RAN1 working assumptions on temporary RS design provided in the LS R1-2009798.
· FFS: whether minimum gap between the RS symbol(s) for AGC and the RS symbols for time/frequency acquisition is considered to account for UE AGC application time delay
· The minimum gap length is FFS

	In this meeting RAN4 further discussed the minimum gap and reached the following conclusions:
· Minimum gap between the RS symbol(s) for AGC and the RS symbols for time/frequency acquisition is needed to account for UE AGC application time delay. The minimum gap length is,
· Option 1: 2 slots
· Option 2: 2 ms
· RAN4 will continue to discuss the options above and provide feedback to RAN1 if there is conclusion
· SCell is unknown and belongs to FR1
· When SCell is contiguous to an active serving cell in the same band (Intra-band continuous CA)
· UE can perform AGC adjustment based on temporary RS; 
· One temporary RS burst with only “2-slot with four CSI-RSs resources (4 samples)” is required when the power difference in serving cell and to be activated Scell is smaller than or equal to 6dB.
· No cell detection provided the conditions specified for intra-band contiguous CA case in TS38.133 section 8.3.2 are satisfied;
· UE can perform time-frequency tracking based on temporary RS
· One temporary RS burst with only “2-slot with four CSI-RSs resources (4 samples)” is required.
· The agreements above apply based on RAN1 working assumptions on temporary RS design provided in the LS R1-2009798.
· So far there is no conclusion on whether/how much benefit can be achieved for the temporary RS based SCell activation in other scenarios (when SCell is non-contiguous to an active serving cell in the same band, and when SCell to be activated and active serving cell are in the different band). RAN4 will continue the discussion and provide feedback to RAN1 if there is conclusion.
· SCell to be activated belongs to FR2
· If there is at least one active serving cell on that FR2 band and temporary RS for the target SCell is provided, no matter whether the SCell to be activated is known or unknown 
· Temporary RS can be used for time/ frequency tracking
· 1 burst with only “2-slot with four CSI-RSs resources (4 samples)” is required
· If there is no active serving cell on that FR2 band, and the SCell to be activated is known to UE
· Temporary RS can be used for fine timing tracking
· 1 burst with only “2-slot with four CSI-RSs resources (4 samples)” is required
· If the SCell being activated is unknown and there is no active serving cell on that FR2 band, 
· Temporary RS can not be used for AGC
· No conclusion on whether to consider the case for temporary RS based time/frequency tracking to enhance SCell activation latency.
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