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Introduction
RAN#86 approved a Further Multi-RAT Dual-Connectivity enhancements WI for Release 17 with the following objective [1]:
	1. Support efficient activation/de-activation mechanism for one SCG and SCells 
· Support for one SCG applies to (NG)EN-DC, and NR-DC [RAN2, RAN3, RAN4]
· Support for SCells applies to NR CA, based on RAN1 leading mechanisms [RAN1, RAN2, RAN4]
· This objective applies to FR1 and FR2
2. Support of conditional PSCell change/addition [RAN2,RAN3, RAN4]
· support scenarios which are not addressed in Rel-16 NR mobility WI



With respect to highlighted objective, the following agreements were made in last meetings
	Agreements: [RAN1#103e]
As working assumption, with respect to efficient SCell activation, reuse existing Rel-15/16 TRS structure for temporary RS
1. 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
0. A burst of temporary RS is notated as in S5.1.6.1.1 of TS 38.214
0. “2-slot with four CSI-RSs resources (4 samples)” for FR1
0. either “1-slot with two CSI-RSs resources (2 samples)” or “2-slot with four CSI-RSs resources (4 samples)” for FR2
1. The working assumption can be confirmed after RAN4 check. (A LS for such request is planned). 
1. [LS R1-2009798 for such request is sent]



	Working Assumption: [RAN1#104e]
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 [RAN1#104e]
For efficient activation of SCells, down select at least one option from below:
· 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
· Option 1b: A single DCI to trigger both SCell activation and corresponding temporary RS(s)
· Details FFS including potential impact on SCell activation related procedures and, e.g. timeline design for SCell activation and for receiving temporary RS
· FFS: The same DCI for SCell deactivation
· Option 2: A Rel-15/16 SCell activation MAC-CE to trigger SCell activation and a Rel-15/16 DCI to trigger corresponding temporary RS(s) with enhancement of timeline
· Details FFS including timeline design for receiving a DCI trigger of temporary RS, and for receiving temporary RS
· Note: Companies are encouraged to provide complete solutions for fast SCell activation.
· Note: the previous agreement on the definitions of Alt 1 and Alt 2 is still effective



In this contribution we focus on the yellow-highlighted parts of the above agreements.
On introduction of new SCell activation procedure using temporary RS 
On TRS structure
When it comes to TRS structure, e.g. whether to fully reuse existing Rel-15/16 TRS structure and configuration restriction (refer to 5.1.6.1.1 of TS 38.214), or any modification, we strongly prefer to reuse TRS structure from 5.1.6.1.1 of TS 38.214, i.e. TRS should be 4 symbols apart and in one or two consecutive slots. The benefit is low specification overhead and TRS with a minimum of 52RB (excluding special cases for paired spectrum and SCS=15kHz) and 4 symbol separation should be fully sufficient for time and frequency synchronization purposes.
[bookmark: _Hlk68612528]Note: Response to LS (R1-2009798) from RAN1 to RAN4 is now received from RAN4 to RAN1 as R1-2102300/R4-2104067. Only question Q1 has been definitively answered. We summarize the LS response below.
	· When 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
· When 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: The number of temporary RS symbols is under discussion
· 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: The number of temporary RS symbols is under discussion
So far there is no conclusion on whether/how much benefit can be achieved for the temporary RS based SCell activation in other scenarios (e.g. SCell to be activated is unknown and belongs to FR1, SCell to be activated is unknown and belongs to FR2 if there is no active serving cell on that FR2 band). RAN4 will continue the discussion and provide feedback to RAN1 if there is conclusion.



Observation-1: Based on the answers from RAN4 on Question 1, there is a benefit from using temporary RS in FR1/FR2 for known cell, while for FR2 the topic is still under discussion regarding the number of temporary RS symbols and RAN1 should be able to expect further LS from RAN4. 
Observation-2: Question 2 in the LS from RAN1 to RAN4 is also awaiting response in a future LS.  
Observation-3: Question 3 in the LS which was based on the working assumptions of using TRS as temporary RS is still under discussion, we are waiting on response from RAN4.

On triggering mechanism MAC-CE vs DCI 
In this section we compare the pros and cons of MAC-CE vs DCI.
Table 1 MAC-CE and DCI comparison
	Field Names
	MAC-CE
	DCI

	Pros
	· Relatively easy to add fields or define new MAC CE as compared to DCI.
· No upper bound for number of information bits.
· HARQ gain in MAC-CE.
· Can be transmitted on any active cell.
	· No need to decode and interpret the TB, just get the DCI 
· No issue from L2 point of view if the DCI is used for SCell Activation and Deactivation
· Would not be able to indicate TCI state per SCell. This would require extra fields to be defined. No space in current Dormancy DCIs.
· Slightly better latency (around 1ms less delay) performance.

	Cons
	· In case of ACK failure retransmission would be triggered leading to slightly higher latency.
	· Increased computation complexity for interpreting the DCI information.
· Number of information bits are limited by the structure of the DCI format.
· DCI needs to be configured to be decoded on specific cell(s). Restrictions on Activation.
· UE can monitor maximum (3 scrambled C-RNTI and 1 other) DCI formats over all slots.

	Design 
Criteria
	gNB shall be able to configure or indicate which activation mechanism it uses (Dynamically or RRC configured) for a UE.



To conclude, DCI based activation, e.g. based on dormancy activation command, could be simple. However, the biggest challenge is to provide A-TRS trigger with correct QCL per each cell. From this point of view, MAC-CE is much more flexible and future proof. Therefore, we still suggest to adopt MAC-CE based SCell activation
Proposal-1: Adopt MAC-CE based Scell activation  
 Design details for MAC-CE-based activation of known cell
For triggering with MAC-CE we propose the following options
· Option 1: New MAC-CE for A-TRS triggering and Scell Activation/Deactivation.
· Option 2: New MAC CE for A-TRS Triggering and Legacy MAC-CE for Activation/deactivation.
We prefer Option 1 over Option 2 for its relatively simplicity of one MACE-CE command that handles A-TRS  triggering and SCell activation. Option 2 seems complicated because of the two commands (New MAC CE for A-TRS Triggering and Legacy MAC-CE for Activation/deactivation) where order in which the two commands is received and the possible delays with which they can be received and the behaviour during the transient periods would need to be specified. 
For the triggering purpose, a trigger list (similar to CSI-AperiodicTriggerStateList) including A-TRS/SSB resource and CSI report with reportQuantity set to 'none', could be configured. 
In the Scell activation MAC-CE a gNB shall indicate A-TRS (form the trigger list) to be used for SCell activation, these could be SSB or CSI-RS; 
· A-TRS to be triggered with an offset counted from slot of MAC-CE HARQ-ACK
· SSB of an index. 
With triggering MAC-CE no CSI report would be triggered, i.e. reportQuantity set to 'none'. This is shown in Figure 1 and Figure 2, where a MAC-CE is sent in a PDSCH, the MAC-CE is activating SCell and triggering synchronization based on Aperiodic TRS (Figure 1) or synchronisation based on the earliest SSB (Figure 2). Both of these can be configured in a trigger list. In cases where triggered TRS would be colliding with SSB burst, a gNB may trigger SSB-based SCell activation instead of TRS based. 
[image: ]
Figure 1 SCell activation with TRS
[image: ]
Figure 2 SCell activation with earliest SSB
Proposal-2: When R17 SCell activation command in MAC-CE for a SCell is received 
· Same MAC-CE in the same PDSCH indicates one state from preconfigured list of CSI trigger states for the first-active-BWP of each Scell
· TCI-state associated with the triggered TRS is activated
Other aspects
Moreover, as seen in the Figure 1 and Figure 2, the CSI framework of R15/R16 could be reused, upon activation, and synchronization based on single port A-TRS, UE may be able to measure CSI as per configured P-CSI-RS and/or based on separate trigger of A-CSI-RS either from the activated Scell or from Pcell. 
Proposal-3: For acquisition of CSI after activation, reuse the existing R15/R16 framework.  
Conclusions
With regard to the RAN4 response LS to RAN1 [3], the following observations are made in this contribution:
Observation-1: Based on the answers from RAN4 on Question 1, there is a benefit from using temporary RS in FR1/FR2 for known cell, while for FR2 the topic is still under discussion regarding the number of temporary RS symbols and RAN1 should be able to expect further LS from RAN4. 
Observation-2: Question 2 in the LS from RAN1 to RAN4 is also awaiting response in a future LS.  
Observation-3: Question 3 in the LS which was based on the working assumptions of using TRS as temporary RS is still under discussion, we are waiting on response from RAN4.

In this contribution, we discussed potential solutions to reduce SCell activation delay. Based on the discussion, we made the following proposals:
Proposal-1: Adopt MAC-CE based Scell activation
Proposal-2: When R17 SCell activation command in MAC-CE for a SCell is received 
· Same MAC-CE in the same PDSCH indicates one state from preconfigured list of CSI trigger states for the first-active-BWP of each Scell
· TCI-state associated with the triggered TRS is activated
Proposal-3: For acquisition of CSI after activation, reuse the existing R15/R16 framework.
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