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[bookmark: _Ref521334010]Introduction
Support efficient activation/de-activation mechanism for one SCG and SCells is approved as the objective of further Multi-RAT Dual-Connectivity enhancements [1]. During the previous RAN1 meetings, the design of temporary RS was further discussed and the following agreements were achieved:
	
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

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 provide our views on the design of temporary RS and the corresponding triggering command.
Discussion
Design of temporary RS
A de-activated SCell can be activated by the MAC CE carried by a PDSCH on an activated serving cell. Generally speaking, the SCell activation/de-activation delay consists of three components, i.e. THARQ, Tactivation_time and TCSI_Reporting, which is defined in TS38.133. One example assuming SCell measurement cycle is smaller than 160ms and the SCell is known in FR1 is shown in Figure 1.


Figure 1: SCell activation delay for a known SCell in FR1
Considering the latest time point at which the actions on active cell are applicable is a valid CSI reporting is available, temporary RS is needed to speed up the procedure of SCell activation/de-activation. As shown in Figure 2, the dominated factor of SCell delay is the alignment time to the first SSB and the delay caused by the uncertainty of the valid CSI reporting. The straightforward solution is to trigger a temporary RS after gNB receives an ACK to the MAC CE carrying an activation indication. Subsequently, UE handles the time/frequency tracking and CSI measurement based on the temporary RS. The temporary RS can be triggered by either DCI or MAC CE activating the SCell. One example is shown in Figure 2.


Figure 2: Efficient SCell activation by introducing temporary RS

In RAN1#103e meeting, an LS was sent to RAN4 from RAN1 in which RAN1 asks several questions on the temporary RS design [2]. RAN4 provide their views which can be summarized in the table below [3][4]. 
Table 1: Views on temporary RS design from RAN4
	Frequency range
	Whether the cell is known to UE
	Other conditions
	The requirement on TRS structure

	#1
	Known cell
	Measurement cycle <= 160 ms
	· [bookmark: _Hlk63255458][bookmark: _Hlk63255366]Temporary RS can be used for time/frequency tracking and 1 burst (2-slot with four CSI-RS resources) is required. 
From our understanding, the AGC settling can be handled based on the SSB measuring occasion. One burst with four samples across two slots is sufficient for temporary RS.

	
	
	Measurement cycle > 160 ms
	· [bookmark: _Hlk63255476]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
Temporary RS can be used for AGC and T/F tracking.  2 bursts with 2-slot with four CSI-RS resources respectively are required.

	
	Unknown cell
	Despite of the measurement cycle
	If the to-be-activated SCell is contiguous to an active serving cell in the same band:
· 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
Temporary RS can be used for AGC and T/F tracking.  2 bursts with 2-slot with four CSI-RS resources respectively are required.

	
	
	
	Otherwise, RAN4 still have no conclusion on whether/how much benefit can be achieved for the temporary RS based SCell activation.

	#2
	Known cell
	Active serving cell exists on the band
	1 burst with only “2-slot with four CSI-RSs resources (4 samples)” is required for T/F tracking.
How about AGC settling?

	
	
	Active serving cell doesn’t exist on the band
	1 burst with only “2-slot with four CSI-RSs resources (4 samples)” is required for T/F tracking.
How about AGC settling?

	
	Unknown cell
	Active serving cell exists on the band
	1 burst with only “2-slot with four CSI-RSs resources (4 samples)” is required for T/F tracking.
How about AGC settling?

	
	
	Active serving cell doesn’t exist on the band
	Temporary RS cannot be used for AGC.
From our understanding, it is impossible to apply the temporary RS based SCell activation in this scenario.



Based on the feedback from RAN4 so far, two separate temporary RS bursts are needed for AGC settling and time/frequency tracking. However, for all the other scenarios, more detailed insights from RAN4 are needed before jumping into the temporary RS design. Furthermore, the minimum gap between the RS symbol(s) for AGC and the RS symbols for time/frequency acquisition needs further discussion in RAN4. From this perspective, it is better to start the detail design on temporary RS structure until there is a big picture in RAN4.

Observation: The temporary RS structure highly depends on the requirement from RAN4. More inputs from RAN4 are required before determine a detailed design of temporary RS.

It is well-known that all the BWPs configured on an inactive cell are inactive before the cell is activated. If a UE measures the triggered temporary RS during SCell activation procedure, the measurement on the target BWP should be allowed despite of the activation state of the BWP. Generally speaking, TRS is sufficient for time/frequency tracking purpose. The restrictions on the TRS configuration focus on the time-domain locations, bandwidth, density and the periodicity of periodic TRS, which should not be the flaw for the usage of time/frequency tracking. Considering the triggering timeline can be down to 0 slot, the delay would be significantly reduced compared to the alignment delay coming with first available SSB. Furthermore, UE needs to do AGC based on the temporary RS so as to speed up the SCell activation procedure. As mentioned in the aforementioned paragraph, optimization on top of current TRS structure is necessary in order to make sure it is capable for time/frequency tracking and AGC, which can be further concluded after more inputs from RAN4. 
Another issue is whether to support periodic TRS for expediting SCell activation purpose. There is a restriction on the periodicity for periodic TRS, i.e. the periodicity has to be larger than 10 ms. It will not be so friendly for latency reduction as aperiodic TRS. Furthermore, it introduces additional workload for network side given it is not an on-demand RS.
Proposal 1: For the temporary RS introduced to expedite the activation process during the SCell activation procedure for efficient SCell activation
· UE can measure the temporary RS on the target BWP despite of the activation state of the BWP
· At least reuse the existing TRS structure and restriction of aperiodic TRS
· Further study how to support time/frequency tracking and AGC via the same aperiodic TRS

In the previous meeting, a working assumption on QCL source for temporary RS was made as below:
	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


[bookmark: _Hlk500800106][bookmark: _Hlk500784100]In the current specification, periodic TRS has to be configured as the QCL source, i.e. QCL type A and QCL type D if applicable, of aperiodic TRS. However, the periodic TRS for QCL source purpose will introduce additional RS overhead. Considering SS/PBCH block is known for a UE staying on the known SCell, it is straightforward to take it as the QCL source without additional effort. Typically, QCL type C and QCL type D can be indicated for the CSI RS resource if it is indicated to take SS/PBCH block as the QCL source. The reason is that SS/PBCH cannot provide accurate information for Doppler spread and delay spread as CSI RS, due to the consecutive structure in time domain. Considering one of the major functionality of temporary RS is time/frequency tracking, only QCL type C and QCL type D need to be obtained from the SS/PBCH block, which is similar to the relationship between periodic TRS and SS/PBCH block. Therefore, QCL type C and type D can be configured for the temporary RS which is QCLed with SS/PBCH block.
For unknown cell, the SS/PBCH block measured is undetectable hence it is impossible to configure the SSB on the to-be-activated cell as the QCL source for temporary RS. In this case, the SS/PBCH block and periodic TRS (if configured) of another active cell can be used as the QCL source for the temporary RS. As defined in the current specification, QCL type A, QCL type B and QCL type C can be configured only for the QCL source on the same carrier. Hence, only QCL type D is feasible for the source reference signal if it is configured on another active cell.
 Proposal 2: Confirm the working assumption with the following updates:
	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
· The qcl-type of temporary RS can be set to QCL type C and, when applicable, QCL type D. FFS: QCL type 
· FFS: the case of unknown SCell
· FFS: other QCL source, e.g. the SSB/P-TRS of another active cell can be indicated as a QCL source (QCL type D) for the temporary RS on the to-be-activated SCell in case of unknown SCell



Triggering command for temporary RS
Regarding to the triggering command for temporary RS, it was agreed that MAC CE(s) contained in a single PDSCH is used to trigger both SCell activation and corresponding temporary RS(s). However, the timeline design for triggering temporary RS is still open. Considering a single PDSCH is used to trigger both SCell and corresponding temporary RS(s), the reference time point for determining the slot for temporary RS can be defined as slot n+k. Value k is  where slot n+m is a slot indicated for PUCCH transmission with HARQ-ACK information for the PDSCH reception and [image: ] is a number of slots per subframe for the SCS configuration [image: ] of the PUCCH transmission. The offset X between the slot n+k and the slot in which the CSI-RS resource set is transmitted can be indicated via MAC CE or predefined.


Figure 3: Triggering timeline for temporary RS

Proposal 3: The last downlink slot on the to-be-activated cell overlaps with slot n+k defined in TS38.213 should be used as the reference slot to determine the timeline for triggering temporary RS.

Furthermore, the required number of temporary RS bursts for AGC settling purpose and time/frequency tracking purpose is diverse depending on the scenario. For example, one burst for time/frequency tracking is sufficient in some cases while two separate bursts are required for ACG settling and time/frequency tracking in the other cases. Further study on how to determine the number of temporary RS bursts is necessary. 

Conclusion
This contribution discusses the issues corresponding to efficient SCell activation. We have the following observation and proposals:
Observation: The temporary RS structure highly depends on the requirement from RAN4.  More inputs from RAN4 are required before determine a detailed design of temporary RS.

Proposal 1: For the temporary RS introduced to expedite the activation process during the SCell activation procedure for efficient SCell activation
· UE can measure the temporary RS on the target BWP despite of the activation state of the BWP
· At least reuse the existing TRS structure and restriction for A-TRS
· Further study how to support time/frequency tracking and AGC via the same A-TRS

Proposal 2: Confirm the working assumption with the following updates:
	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
· The qcl-type of temporary RS can be set to QCL type C and, when applicable, QCL type D. FFS: QCL type 
· FFS: the case of unknown SCell
· FFS: other QCL source, e.g. t The SSB/P-TRS of another active cell can be indicated as a QCL source (QCL type D) for the temporary RS on the to-be-activated SCell in case of unknown SCell



Proposal 3: The last downlink slot on the to-be-activated cell overlaps with slot n+k defined in TS38.213 should be used as the reference slot to determine the timeline for triggering temporary RS.
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Agreements achieved in RAN1#102 emeeting:
Agreements:
Companies are encouraged to provide design details of temporary RS next meeting, at least including:
· TRS structure, e.g. whether to fully reuse existing Rel-15/16 TRS structure and configuration restriction (refer to S5.1.6.1.1 of TS 38.214), or any modification
· QCL information, if any
· Triggering command: DCI format/fields or MAC-CE fields
· Triggering timeline/scheduling offset

Agreements achieved in RAN1#103 emeeting:
Agreements:
As working assumption, with respect to efficient SCell activation, reuse existing Rel-15/16 TRS structure for temporary RS
· FFS: how many burst/symbols are required for both AGC settling and Time/Frequency tracking for different cases, e.g. FR1 and FR2, known and unknown SCell
· A burst of temporary RS is notated as in S5.1.6.1.1 of TS 38.214
· “2-slot with four CSI-RSs resources (4 samples)” for FR1
· either “1-slot with two CSI-RSs resources (2 samples)” or “2-slot with four CSI-RSs resources (4 samples)” for FR2
· The working assumption can be confirmed after RAN4 check. (A LS for such request is planned).

Agreements:
For efficient SCell activation, discuss and agree from the following alternatives at RAN1#104-e
· Alt 1:  the trigger of temporary RS is integrated into a single triggering signaling with the trigger of SCell activation transmitted on an activated cell.
· FFS detailed design of this integrated triggering signaling.
· Potential examples of single triggering signaling for further discussions
· A PDSCH TB, e.g. containing two respective MAC-CEs for both triggers, one MAC-CE for both triggers
· A DCI for both triggers
· A PDSCH TB and its scheduling DL grant, e.g. MAC-CE for activation and DL grant for temporary RS
· A DL grant and a UL grant received in the same slot/OFDM symbols of PDCCH where the DL grant is scheduling a MAC-CE for SCell activation and the UL grant is triggering the RS.
· Rel-15/16 SCell activation MAC-CE and a specific configuration of temporary RS being implicitly triggered as well
· Alt2: Triggering of temporary RS separately from SCell activation command is not precluded and both ‘separate’ triggers (examples below) and ‘integrated’ triggers (examples in Alt 1) are considered for SCell activation
· FFS detailed design of separate triggering signaling.
· Potential examples of separate triggering signaling for further discussions
· Rel-15/16 SCell activation MAC-CE and Rel 15/16 DCI triggering
· Rel-15/16 SCell activation MAC-CE and new DCI triggering for temporary RS
· Note: temporary RS should be triggered by DCI or MAC-CE.
· Note: the final mechanism of trigger signaling targets at applicability to one or more SCell activation.
· FFS handling of  SCell activation by existing Rel15/16 CA activation command when temporary RS is configured and triggered/not triggered
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