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During RAN #88-e, a revised WI on enhancements of MR-DC related scenarios are approved [1]. For this WI, RAN1’s work is to specify efficient activation/de-activation mechanism for SCells based on RAN1 leading mechanism. In the RAN1#103-e meeting, some agreements were reached as listed in the Appendix [2]. 
In this contribution, we provide our analysis on Rel-17 efficient activation/de-activation mechanism for SCells.
How to proceed before RAN4 response LS
During RAN1#103e meeting, an LS was approved to RAN4 to seek information on the requirements of temporary RS [3]. As listed below, three questions are provided in the LS, which all have big impacts on RAN1 framework design.
	With respect to efficient SCell activation for NR CA, RAN1 would like to ask RAN4 the following questions,
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?
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?
Q3: does the RAN1 working assumption for temporary RS (i.e., reuse existing Rel-15/16 TRS structure) provides reduction in maximum allowed activation delay requirements (specified in subclause 8.3.2 of TS 38.133)? Also, are there any suggested changes from RAN4 perspective?
One temporary RS burst in the above questions is referred to the working assumption made in this RAN1 meeting for the structure of temporary RS, as in Appendix.



Based on FL summary in RAN1#103e meeting [4], the following 9 issues are left to be resolved. Among all the 9 open issue, Issue-1 to Issue-6 are high priority issues and Issue-7 to Issue-9 are lower priority issues based on the discussion outcome in RAN1#103e.
Issue-1: Triggering command for SCell activation/de-activation and temporary RS
Issue-2: TRS structure for temporary RS
Issue-3: QCL configuration of TRS
Issue-4: Time-domain property of TRS
Issue-5: Additional functionality of temporary RS during the SCell activation
Issue-6: Timeline for temporary RS
Issue-7: Associated BWP for temporary RS
Issue-8: Tactivation reduction with BS assistance but no temporary RS nor SSB
Issue-9: Enhancement for CSI reporting

Obviously, Issue-2, Issue-4, Issue-5 and Issue-6 are highly dependent on RAN4’s response because they are all directly or mainly determined by the temporary RS structure, temporary RS design and time-domain property of temporary RS. In this sense, RAN1 may need to deprioritize the discussion of Issue-2, Issue-4, Issue-5 and Issue-6 until RAN4 LS response arrives. 
Regarding Issue-1, although time-domain property of temporary RS (periodic, aperiodic, semi-persistent etc.) may have impacts on it, for example, aperiodic RS is triggered via DCI and semi-persistent RS is triggered via MAC-CE in Rel-15/Rel-16, the potential impacts here is not fundamental from our perspective. RAN1 can still discuss and analyse the pros and cons of each potential solution on the triggering command for SCell activation/de-activation and temporary RS.
Regarding Issue-3, although time-domain property of temporary RS (periodic, aperiodic, semi-persistent etc.) may have impacts on it, for example, there are some QCL restrictions for Rel-15/Rel-16 aperiodic TRS, RAN1 anyway needs to discuss and analyse whether we can remove this QCL restrictions for temporary RS. 
Based on the above analysis, Issue-1 (Triggering command for SCell activation/de-activation and temporary RS) and Issue-3 (QCL configuration of TRS) are prioritized in this meeting.
Proposal 1: RAN1 prioritizes issues that are not highly dependent on RAN4 LS response in this meeting, i.e., Issue-1 (Triggering command for SCell activation/de-activation and temporary RS) and Issue-3 (QCL configuration of TRS).

Discussion
Triggering command for SCell activation/de-activation and temporary RS
Based on the agreements in RAN1 #103e meeting, two alternatives has been discussed. 
	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



From our perspective, combining SCell activation and temporary RS activation together can further reduce the signalling overhead and can even further reduce SCell activation delay in some cases. It is slightly preferred to design a combined command for SCell activation and temporary RS activation. 
In best cases, separate indication of SCell activation and temporary RS can achieve the same latency as the combined indication. However, as we can see in the current TS 38.133, similar as TCI indication, there are lots of different timelines for different locations of TCI indication for FR2 SCells. If separate indication is adopted for SCell activation and temporary RS, RAN4 may need to define more timelines depending on different locations of these separate indications.
Proposal 2: A combined command is used to activate the SCell and activate/trigger the corresponding TRS. 
Regarding whether to adopt DCI based solution or MAC-CE based solution, RAN1 needs to first discuss and finalize both the DCI based solution and MAC-CE based solution. Once the complete solutions are on the table, RAN1 analyses and compares these different solutions, considering the activation latency, power consumption and etc. 
MAC-CE based solution
The timeline of the MAC-CE based solution is shown in Figure 1. The MAC-CE contains both the SCell activation command and the TRS triggering command. 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.
Proposal 3: 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
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Figure 1. MAC-CE based solution for temporary RS
DCI based solution
The timeline of the DCI based solution is shown in Figure 2. The DCI contains both the SCell activation command and the TRS triggering command. HARQ-ACK feedback may be needed for DCI based solution, but it doesn’t affect the timeline. A triggering offset is between the DCI and the TRS. This triggering offset may contain the time duration for L2 processing, RF warm-up and etc. Another issue is that, currently only UL DCI is allowed to trigger TRS. How to trigger HARQ-ACK for UL DCI is missing in the current spec. If HARQ-ACK is supported for DCI based solution, this issue needs to be addressed.
One main issue for the DCI based solution is how to indicate the target SCell. One straightforward solution is to add an SCell indicator (i.e., a 4-bit field to indicate one SCell from at most 16 serving cells) in the DCI. However, only one SCell can be activated at one time otherwise it may require at most 16 bits in the DCI, which is not desirable as it largely increases the DCI overhead. Another solution is to reuse the design in SCell dormancy from Rel-16, e.g., reusing the SCell dormancy indicator.
Proposal 4: Regarding DCI based solution for fast SCell activation
· TRS trigger state ID is included in the DCI
· Further study how to indicate the target SCell ID, e.g., add new DCI field or reuse the SCell dormancy indicator
· Further study whether DL DCI and/or UL DCI is adopted
· Further study how to trigger HARQ-ACK for UL DCI (if UL DCI is selected)
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Figure 2. DCI based solution for temporary RS
QCL of temporary RS
In RAN1#103e meeting, QCL of temporary RS was discussed but without any comeout unfortunately. Basically, two aspects of QCL of TRS need to be considered, i.e., (1) the QCL source for temporary RS and (2) serve temporary RS as QCL source for other RS/channel.
The QCL source for temporary RS
Before TRS transmission, there is no SSB or P-TRS transmission in inactive Scell, so a simple way is to use temporary RS itself for beam sweeping. Otherwise, if SSB is served as the QCL source for temporary RS, then the UE has to measure SSB first and thus no latency gain is achieved. Thus, beam sweeping of temporary RS is a more reasonable approach.
Currently, there is one RRC parameter repetition for CSI-RS. One way is to reuse the current RRC parameter repetition and a UE can be configured with a NZP-CSI-RS-ResourceSet configured both with trs-Info and repetition.
Serve as QCL source for other RS/channel
After TRS transmission, the CSI-RS for channel measurement can be transmitted. UE needs to first perform AGC settling and time/frequency tracking, and then perform channel measurement. Thus, the CSI-RS should at least be transmitted after the TRS. The TRS needs to serve as QCL source for the subsequent CSI-RS.
Proposal 5: Regarding QCL of temporary RS,
· Beam sweeping is adopted for temporary RS and thus there is no QCL source for temporary RS.
· Temporary RS can be served as QCL source for other channels.
For aperiodic TRS, there is some limitations in Rel-15/Rel-16, e.g., the aperiodic TRS has to be QCLed with the corresponding periodic TRS and the time-domain pattern has to be the same as the corresponding periodic TRS. Since TRS has been agreed as temporary RS, the coupling of aperiodic TRS and periodic TRS can be removed. 
Proposal 6: Aperiodic TRS is decoupled with periodic TRS if aperiodic TRS is served as temporary RS.
· Aperiodic TRS isn’t QCLed with periodic TRS;
· The time-domain pattern of aperiodic TRS can be different from the periodic TRS

TRS structure 
Although TRS structure is highly dependent on RAN4 LS response, we share some preliminary views on this issue. The detailed design may need RAN4 input. 
During RAN1 #103e meeting, the following agreement was achieved. RAN1 agreed to reuse the existing Rel-15/16 TRS structure for temporary RS.  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).

There are two definitions of burst of temporary RS.
1. “2-slot with four CSI-RSs resources (4 samples)” for FR1 and FR2
2. “1-slot with two CSI-RSs resources (2 samples)” for FR2.
Similar as beam sweeping for SSB, it is likely that temporary RS also needs beam sweeping. Then, for “2-slot with four CSI-RSs resources (4 samples)”, one potential way is to that the first slot of a TRS burst is used for AGC setting and the second slot of a TRS burst is used for time/frequency tracking. But of course, this needs RAN4 input and confirmation. If this is possible, then it could be implemented by the higher layer parameter repetition. 
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Figure 3. Multiple TRS burst
Additional functionality of temporary RS during SCell activation
With the existing Rel-15/Rel-16 TRS design, only 1-port TRS is supported. This is clearly insufficient for CSI measurement/acquisition. Besides, TRS is specifically designed for time/frequency tracking, which may not be suitable for channel acquisition. Thus, from our perspective, it is preferred not to use TRS for CSI measurement/acquisition. The legacy CSI measurement and CSI report mechanism can be reused for SCell activation.
Proposal 7: TRS is not used for CSI measurement and Legacy CSI measurement and CSI report mechanism can be reused for SCell activation.
Conclusion
In this contributions, the timeline analysis and candidate solutions for fast SCell activation are presented with the following proposals. 
Proposal 1: RAN1 prioritizes issues that are not highly dependent on RAN4 LS response in this meeting, i.e., Issue-1 (Triggering command for SCell activation/de-activation and temporary RS) and Issue-3 (QCL configuration of TRS).
Proposal 2: A combined command is used to activate the SCell and activate/trigger the corresponding TRS. 
Proposal 3: 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
Proposal 4: Regarding DCI based solution for fast SCell activation
· TRS trigger state ID is included in the DCI
· Further study how to indicate the target SCell ID, e.g., add new DCI field or reuse the SCell dormancy indicator
· Further study whether DL DCI and/or UL DCI is adopted
· Further study how to trigger HARQ-ACK for UL DCI (if UL DCI is selected)
Proposal 5: Regarding QCL of temporary RS,
· Beam sweeping is adopted for temporary RS and thus there is no QCL source for temporary RS.
· Temporary RS can be served as QCL source for other channels.
Proposal 6: Aperiodic TRS is decoupled with periodic TRS if aperiodic TRS is served as temporary RS.
· Aperiodic TRS isn’t QCLed with periodic TRS;
· The time-domain pattern of aperiodic TRS can be different from the periodic TRS
Proposal 7: TRS is not used for CSI measurement and Legacy CSI measurement and CSI report mechanism can be reused for SCell activation.
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Appendix

	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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