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During RAN #88-e, a revised WI on enhancements of MR-DC related scenarios was approved [1]. For this WI, RAN1’s work is to specify efficient activation/de-activation mechanism for SCells based on RAN1 leading mechanism. During RAN1#104bis-e meeting, it has been agreed to use MAC-CE based combined command for SCell activation and TRS activation [2]. 
In this contribution, we provide our analysis on Rel-17 efficient activation/de-activation mechanism for SCells.
Discussion
Triggering command
Based on the agreements in RAN1#104bis-e meeting, the following agreement has been achieved.
	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)
Send an LS to RAN4. The LS is endorsed in R1-2104110.



In the last meeting, the MAC-CE based solution for the trigger of temporary RS and Scell activation are agreed. But the following two candidates need further confirmation.
· Alt 1: A PDSCH TB containing Rel-15/16 MAC-CE for SCell activation and a new MAC-CE for temporary RSs.
· Alt 2: A PDSCH TB containing one new MAC-CE for trigger both SCell activation and temporary RS.
Since a new MAC-CE is needed for both candidates, we propose to use one single new MAC-CE to trigger both SCell activation and temporary RS. Besides, the new MAC-CE can be used to differentiate the Rel-17 fast SCell activation procedure from the legacy SCell activation procedure. With this, network and UE have the same understanding on the expected timeline.

Proposal 1: A PDSCH TB containing one new MAC-CE for trigger both SCell activation and temporary RS is introduced.
The TRS triggering offset can be reused to indicate the starting position of TRS burst(s) transmission, but there are some options to define the TRS triggering offset starting position:
Opt.1 the end of PUCCH carrying HARQ-ACK;
Opt.2 the end of PUCCH carrying HARQ-ACK plus 1 ms, including timeline B (MAC-CE L2 process);
Opt.3 the end of PUCCH carrying HARQ-ACK plus 3 ms, including timeline B/C/D/E (MAC-CE L2 process/RF retune/RF warm up/Margin);
Opt.4 the end of PUCCH carrying HARQ-ACK plus 4 ms, including timeline B/C/D/E (MAC-CE L2 process/RF retune/RF warm up/Margin).
The timeline of the MAC-CE based solution is shown in Figure 1, and the TRS triggering offset starting position is the end of PUCCH carrying HARQ-ACK. HARQ-ACK feedback is needed for MAC-CE based solution. After the HARQ-ACK feedback, a triggering offset is followed between the HARQ-ACK and the TRS. This triggering offset may contain the time duration for L2 processing, RF warm-up and etc. To reduce the impact and simplify the implementation, MAC-CE based solution can make the best of the current SCell activation design and TRS design. The detailed timeline for TRS bursts (i.e., time duration F and G in Figure 1) still needs RAN4 inputs. 
The detailed design of MAC-CE can be left to RAN2. RAN1 can focus on the needed functionalities of this MAC-CE first.
Proposal 2: Regarding MAC-CE based solution for fast SCell activation
· HARQ-ACK feedback is needed for this MAC-CE
· Target SCell ID is included in the MAC-CE
· TRS triggering information (e.g., trigger state ID) is included in the MAC-CE
· Reused the TRS triggering offset to indicate the starting position of TRS burst(s), and further discuss the starting position for TRS triggering offset.
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Figure 1. MAC-CE based solution for temporary RS

QCL of temporary RS
During RAN1 #104-e meeting, QCL of temporary RS was discussed and the following working assumption was 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



In Rel-15, TRS can be QCLed with SSB via QCL-typeC and QCL-typeD. In this case, the same mechanism can be reused. 
Proposal 3: For efficient SCell activation, TRS can be QCLed with the SSB of the to-be-activated SCell via QCL-typeC and QCL-typeD.
[bookmark: _GoBack]For the case of unknown SCell, if SCell is contiguous to an active serving cell in the same band (Intra-band continuous CA), the mechanism of FR1 known cell can be reused. But for other cases, if SSB of the to-be-activated SCell is still needed, then UE still needs to receive and measure some of the SSBs before receiving TRS. In this sense, the reduction of SCell activation delay may not be attractive. 
Based on the current timeline, UE needs to first perform AGC adjustment and acquire time synchronization before receiving SSBs and decoding MIB. For the case of unknown cell, the SSBs for AGC adjustment and time synchronization are replaced by temporary RS. Meanwhile, the temporary RS itself can be used for beam sweeping, and the temporary RS can be served as QCL source for the SSB, and then UE can receive one SSB to decode MIB. Whether this kind of process can still reduce the SCell activation latency needs further study.
Proposal 4: For efficient SCell activation, FFS whether temporary RS of the to-be-activated SCell should be indicated as a QCL source for the SSB in case of unknown SCell without Intra-band continuous CA.

TRS structure
In RAN4 latest reply LS [4], at least for the case that SCell to be activated is known and belongs to FR1 with SCell measurement cycle larger than 160ms, one more temporary RS burst is needed for both AGC setting and time/frequency tracking, similar as TRS repetition. To minimize the impact of specs, it could be implemented by the higher layer parameter repetition. However, it couldn’t configure repetition and the repetition number for TRS.
	Q1: to expedite SCell activation, RAN1 is studying whether and under which conditions (e.g. FR1/FR2, known/unknown cell, etc.), how many temporary RS bursts/symbols are required to achieve both UE AGC setting and time/frequency tracking. Does RAN4 have any information to share for these aspects?
[bookmark: _Hlk63254759][RAN4 Response]: In RAN4#98e, the following agreements are achieved in [R4-2104067]: 
	· SCell to be activated is known and belongs to FR1
· If SCell measurement cycle is equal to or smaller than 160ms
· [bookmark: _Hlk63255458]temporary RS can be used for time/frequency tracking
· [bookmark: _Hlk63254919][bookmark: _Hlk63255366]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
· [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
· 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
· [bookmark: _Hlk63255665]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.
Q2: for AGC setting in intra-band CA comprising of a to-be-activated SCell and an activated serving cell, when a temporary RS is transmitted on the to-be-activated SCell, whether and under which conditions (e.g., FR1/FR2, known/unknown cell, etc.) the UE may require to receive another RS transmitted also on the other activated serving cell in the same band?
[bookmark: _Hlk63256122][RAN4 Response]: This question is still under discussion in RAN4. RAN4 will continue the discussion and provide feedback to RAN1 if there is conclusion.



So TRS repetition should be supported and there are some options to configure/indicate the repetition. 
Opt.1 RRC configures the repetition number for TRS;
Opt.2 The triggering command (DCI/MAC-CE) indicates the repetition number for TRS;
Opt.3 Define a time duration and a periodicity of the duration, the TRS is transmitted during the duration;
Opt.4 No need to explicitly indicate the repetition number for TRS.
After comparing the options above, we found that there was no problem to work even using Opt.4. RAN4 will define corresponding requirements for Rel-17 fast SCell activation, network can repeat the TRS for a number of times as long as the requirements defined by RAN4 can be met. On the other side, UE can receive and measure the TRS for a particular number of times, it doesn’t need to measure all TRS as long as the requirements can be met by the UE.
Proposal 5: For efficient SCell activation, TRS repetition is supported. The Opt.4 (No need to explicitly indicate the repetition number for TRS.) can be considered.
According to RAN4 LS, the minimum gap between the RS symbol(s) for AGC and the RS symbols for time/frequency acquisition is 2 slots or 2 ms, it’s straightforward to reuse the existing Rel-15/Rel-16 TRS structure for temporary RS, otherwise we may need to define new TRS pattern that spans over 6 slots (i.e., 2 slots of TRS + 2 slots gap + 2 slots of TRS).
In the previous meeting, TRS is selected as the temporary RS. For efficient activation of SCells, the TRS triggered for temporary RS is aperiodic. 
Proposal 6: Regarding temporary RS,
Reuse the existing Rel-15/Rel-16 TRS structure for temporary RS
The TRS triggered for temporary RS is aperiodic

TRS in other cells for intra-band CA
In RAN4 LS [3], UE expects that another RS and/or SSB (burst) is also transmitted on the other activated serving cell. According to TS 38.133, in case of intra-band SCell activation of FR1, all active serving cells and SCells being activated or released are transmitting SSB bursts in the same slot. So it is better to trigger temporary RS in all the carriers in intra-band CA. But in RAN1, the issue is how to trigger TRS in multiple cells with one triggering command.
	Q2: for AGC setting in intra-band CA comprising of a to-be-activated SCell and an activated serving cell, when a temporary RS is transmitted on the to-be-activated SCell, whether and under which conditions (e.g., FR1/FR2, known/unknown cell, etc.) the UE may require to receive another RS transmitted also on the other activated serving cell in the same band?
[RAN4 Response]: This question is still under discussion in RAN4.
· Based on the legacy requirement assumption, UE expects another RS and/or SSB (burst) is also transmitted on the other activated serving cell, having all the RSs time-aligned within MTRD requirement for intra-band CA
· FFS on new assumption where UE does not require to receive another RS transmitted also on the other activated serving cell in the same band




Proposal 7: RAN1 further studies how to trigger multiple TRS in multiple cells (including the to-be-activated SCell and other activated intra-band cells) with one triggering command for intra-band CA.

Conclusion
In this contribution, the following proposals are analysed and provided.
Proposal 1: A PDSCH TB containing one new MAC-CE for trigger both SCell activation and temporary RS is introduced.
Proposal 2: Regarding MAC-CE based solution for fast SCell activation
· HARQ-ACK feedback is needed for this MAC-CE
· Target SCell ID is included in the MAC-CE
· TRS triggering information (e.g., trigger state ID) is included in the MAC-CE
· Reused the TRS triggering offset to indicate the starting position of TRS burst(s), and further discuss the starting position for TRS triggering offset.
Proposal 3: For efficient SCell activation, TRS can be QCLed with the SSB of the to-be-activated SCell via QCL-typeC and QCL-typeD.
Proposal 4: For efficient SCell activation, FFS whether temporary RS of the to-be-activated SCell should be indicated as a QCL source for the SSB in case of unknown SCell without Intra-band continuous CA.
Proposal 5: For efficient SCell activation, TRS repetition is supported. The Opt.4 (No need to explicitly indicate the repetition number for TRS.) can be considered.
Proposal 6: Regarding temporary RS,
Reuse the existing Rel-15/Rel-16 TRS structure for temporary RS
The TRS triggered for temporary RS is aperiodic
Proposal 7: RAN1 further studies how to trigger multiple TRS in multiple cells (including the to-be-activated SCell and other activated intra-band cells) with one triggering command for intra-band CA.
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