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In 3GPP RAN1 Meetings #102-e and #103-e, agreements on efficient activation/de-activation mechanism for SCells were achieved:
Working Assumption
At least for the case of known cell, temporary RS is supported to expedite the activation process during the SCell activation procedure for efficient SCell activation for both FR1 and FR2:
·         The temporary RS should provide at least the functionalities of AGC settling and time/frequency tracking during SCell activation procedure.
·         FFS potential functionalities of CSI measurement/acquisition and cell search
Agreements:
TRS is selected as temporary RS for Scell activation
·         If more functionalities are confirmed to be supported by temporary RS, other RS candidates, e.g. aperiodic CSI-RS, P/SP-CSI RS, SRS and RS based on SSS/PSS, are not precluded.
·         The TRS should be triggered by DCI or MAC-CE. FFS which exact triggering command.
  Agreements:
UEs measure the triggered temporary RS during Scell activation procedure no earlier than a slot m:
·         FFS timeline values m which may need coordination with RAN4.
·         FFS if the triggered temporary RS can be associated with a BWP, then the measurement above is independent of the activation state of the BWP.
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:
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
In this contribution, further discussions on these enhancements are provided. Note that the working assumption is under check by RAN4, and we will revisit it after RAN4 replies.

Discussion
Triggering procedure enhancement
The legacy activation procedure uses L2 signaling. This legacy signaling should still be supported in Rel-17. Furthermore, L2 signaling can also be enhanced to trigger one or more temporary RS and hence lead to efficient SCell, alongside with any enhancement using a L1 signaling as an activation command. L2 signaling allows the network to receive an ACK/NACK for the activation command, and hence it can avoid the small-probability event of temporary out of sync due to DCI detection problem if a DCI activation command is used. Not enhancing the L2 signaling based SCell activation reduces the flexibility to the network and is not desirable.
L2 signaling itself may not need to be modified / enhanced in Rel-17, but the triggering procedure with a L2 signaling can be enhanced. Temporary RS can be linked to and triggered with existing L2 signaling, that is, L2 signaling can also serve as a joint trigger. The starting time (i.e., reference time) of the triggering offset for the temporary RS can be defined as the slot after the required MAC decoding time (such as slot n+3 if the signaling is received in slot n) or after the ACK for the L2 signaling is sent, which can be decided by RAN1.
Proposal 1: Support efficient SCell activation via existing L2 signaling with enhanced activation procedure:
· SCell activation procedure initiated when UE receives the L2 signaling;
· Associated temporary RS is triggered with the L2 signaling, and FFS the starting time for triggering offset.

In addition, with various enhancements proposed in Rel-17 that may significantly shorten the latency, it may be meaningful to further reduce the delay due to the L2 signaling. L1 signaling is hence considered for its low latency. Note that the L1 activation does not necessarily mean a newly designed L1 signaling or L1 procedure; rather, existing L1 signaling may be reused (e.g., reusing existing aperiodic RS and its trigger for SCell activation), and once the UE receives the L1 signaling associated with a deactivated SCell, the L2 activation procedure starts and the aperiodic RS triggered by the L1 signaling is also sent. Therefore, if the activation procedure involves aperiodic CSI-RS resource trigger and/or aperiodic CSI reporting trigger, the network and UE can then use one or more of these triggers associated with a deactivated SCell as the activation command for the SCell. This not only reduces the delay due to L2 signaling and possibly multiple signaling to complete one activation, but also limits the control channel overhead. The potential issue of this approach is the reliability of the DCI, which does not have ACK/NACK/HARQ while MAC command does. Thus, if the DCI is missed or incorrectly decoded, the network and UE may be temporarily out of sync until the network/UE find the problem and correct it. Nevertheless, the probability of such error occurring is small (<1% in general), and the DCI based approach may still be beneficial to most of the scenarios.
Proposal 2: Support efficient SCell activation via existing L1 AP RS (e.g., TRS/CSI-RS/SRS based temporary RS if agreed) triggers with enhanced activation procedure:
· SCell activation procedure initiated when UE receives a temporary RS trigger associated with the SCell.

Candidate temporary RS other than TRS
In addition to TRS which has been agreed as a temporary RS, the following candidate RS can be considered:
· Periodic CSI-RS / TRS for a deactivated SCell
In essence, periodic CSI-RS and TRS (or likewise, SP CSI-RS and TRS) act like LTE CRS and thus can shorten the activation latency. The pros include that their occurrences are fully predictable, which can help reduce PDCCH monitoring and PDCCH overhead, and simplify UE design. The cons include that it is difficult to set the periodicity: if it is too long then the latency reduction is not significant, but if it is too short then the overhead and energy consumption are high. To overcome the periodicity issue, long-periodicity CSI-RS / TRS may be used jointly with aperiodic CSI-RS / TRS for the best tradeoff between short latency and reduced UE power consumption and overhead.
Therefore, optional long-periodicity CSI-RS (also including long-periodicity TRS) of periodicity at least 100 TTIs may be configured for a deactivated SCell to reduce energy consumption while keeping the link alive. The P/SP TRS configured for the deactivated SCell can also serve as the source RS for the AP TRS during the activation process.
Note that when periodic CSI-RS is configured for CSI acquisition, periodic CSI-IM resources should also be configured. 
We also point out that when periodic CSI-RS is configured for a deactivated SCell, the term “temporary RS” for it may not be very accurate. However, in this contribution, we stick with the existing term “temporary RS” even if the RS is periodic or semi-persistent.
Finally, when periodic CSI-RS / CSI-IM are configured for a deactivated SCell, the UE is required to monitor the CSI-RS / CSI-IM as configured.

· Aperiodic CSI-RS for a deactivated SCell
Aperiodic CSI-RS are more flexible and can be triggered right when the activation procedure starts. If one transmission is not enough, multiple aperiodic CSI-RS can be triggered (via one trigger if overhead reduction is considered). The total energy consumption associated with receiving the aperiodic CSI-RS is lower than periodic CSI-RS, and especially so if the deactivation duration is long and the periodicity is short. With a sufficient triggering offset, the UE does not have to be ready for receiving an aperiodic CSI-RS and generating an aperiodic CSI-RS report all the time. The triggering offset can allow enough time for the UE to respond to the aperiodic trigger. The cons include additional PDCCH monitoring and overhead on another serving cell are needed. If many SCells are deactivated, PDCCH monitoring on those activated serving cells may become significant. 
Aperiodic CSI-RS as temporary RS may not have to be triggered every time during a SCell activation. If a report of DL CSI is required by the network, then the network should be able to trigger an optional aperiodic CSI-RS, but otherwise the network can decide not to trigger it.

· A combination of P/AP CSI-RS for a deactivated SCell
This provides the network with most flexibility/capability. 
Comparing CSI-RS with TRS, we note that CSI-RS is needed for CSI measurement, while TRS is for tracking. Since in most SCell activation, CSI measurement and reporting are needed, CSI-RS is still needed even when TRS is used as a temporary RS for activation. Thus, at least one of AP CSI-RS and P/SP CSI-RS should be supported as temporary RS, and it seems a combination of long-periodicity P/SP CSI-RS and AP CSI-RS may be able to achieve the best tradeoff among fast activation and reduced UE power consumption.

· Aperiodic CSI-IM and aperiodic CSI
Each AP CSI-RS may also be configured with an AP CSI-IM resource(s), and the AP CSI-IM resource(s) is also transmitted when the AP CSI-RS is transmitted. Therefore, the AP CSI-IM resource(s) is also viewed as a part of a temporary RS or temporary RS resource. In this sense, the L1 AP CSI-RS trigger discussed in RAN1 so far may be better interpreted as a L1 AP CSI trigger. An AP CSI trigger triggers a combination of an AP CSI-RS(s) and an AP CSI-IM resource(s), and a CQI and/or L1 SINR is to be reported according to the CSI-RS/CSI-IM. The timing relation and configurations for the AP CSI trigger, the AP CSI-RS, the AP CSI-IM, and the AP CSI report are generally the same as the conventional ones.

· SRS for a deactivated SCell
It is known that SRS can be useful for providing DL full MIMO CSI in TDD systems, UL CSI in TDD/FDD, maintaining UL TA, UL power control, and UL/DL beam. Therefore, SRS can be very important for a to-be-activated SCell to re-acquire CSI, TA, power control, and beam. In the case that the pathloss RS for the SRS is on an activated cell, the UE may be able to transmit the SRS on the to-be-activated SCell without waiting for the DL AGC to settle. In fact, a SCell may not be fully usable as a “fully activated” SCell until its UL is also ready, which can be achieved by SRS transmissions. In addition, utilizing SRS in activation can shift some of the processing from the UE to the network, thus reducing UE processing complexity. Hence, SRS should also considered as temporary RS.
Similar to the periodic / aperiodic CSI-RS  / TRS described above, for the SRS as temporary RS, it is also preferred to combine long-periodicity SRS with aperiodic SRS.
Periodic and aperiodic SRS as temporary RS may not have to be configured / triggered for every deactivated SCell. If UL CSI for FDD / TDD, or DL CSI for TDD, or UL TA, or UL power control, or UL beam management is required by the network, then the network should be able to configure / trigger an optional periodic / aperiodic SRS, but otherwise the network can decide not to trigger it.

· RS based on SSS/PSS
A to-be-activated SCell may be known to the UE or unknown to the UE. If it is known, the TRS as a temporary RS can provide UE at least the functionalities such as time/frequency tracking during activation. If the SCell is not known, however, then TRS may not be sufficient, and RS based on SSS/PSS is needed. Thus, RS based on SSS/PSS should be considered as temporary RS for unknown cells.
Similar to the periodic / aperiodic CSI-RS  / TRS described above, for the RS based on SSS / PSS, it is also preferred to combine long-periodicity SSS / PSS with aperiodic SSS / PSS. For the aperiodic triggering of RS based on SSS / PSS, due to the potential timing uncertainty, the precise timing of the RS based SSS/PSS may not be known to the UE. Hence, a search time window for the RS based on SSS/PSS may be configured or signalled to the UE for the case of activation of an unknown SCell.

[bookmark: _Hlk53999734]Therefore, we suggest to add AP / P / SP CSI-RS, AP / P / SP CSI-IM, AP / P / SP SRS, and AP / P / SP RS based on SSS/PSS as optional temporary RS / RS resources. Note that the temporary RS may not be always needed for activation, and whether a specific temporary RS is supported/used or not depends on network configuration / UE capability. The only temporary RS that shall be always triggered during SCell activation is TRS.
Proposal 3: Support long-periodicity RS (e.g., TRS / CSI-RS / CSI-IM / SRS / SSS / PSS if agreed) as optional temporary RS / RS resources.
Proposal 4: Support aperiodic CSI-RS as optional temporary RS, to be triggered if the SCell activation requires a valid DL CSI.
Proposal 5: Support AP CSI-IM as optional temporary RS resource if AP CSI-RS is supported as temporary RS.
Proposal 6: Support aperiodic SRS as optional temporary RS, to be triggered if the SCell activation requires a valid UL CSI or DL CSI for TDD or UL TA / PC / beam.
Proposal 7: Support aperiodic triggering of SSS/PSS search time window for the case of unknown SCell.

QCL for aperiodic TRS
An AP TRS is generally not a standalone RS, i.e., it relies on a P/SP TRS. In particular, the AP TRS is QCLed to the P/SP TRS. We now examine the reliance for a deactivated SCell when the AP TRS is a temporary RS used to facilitate the activation. 
First, for a known SCell, the time/frequency synchronization is still maintained, and most likely, the channel properties derived from the P/SP TRS are still valid for the AP TRS to use. Then there is no issue with the QCL for AP TRS. However, the assumption that “most likely, the channel properties derived from the P/SP TRS are still valid for the AP TRS to use” needs to be confirmed, which is related to the LS to RAN4. Some further study may be needed.
If the above assumption does not hold for some cases, then other solutions need to be provided for the QCL of the AP TRS. One is that the AP TRS can rely on a cross-carrier signal, such as the AP TRS is QCLed with a cross-carrier SSB or a cross-carrier P/SP TRS with QCL Type A and QCL Type D (for FR2). The cross-carrier SSB or P/SP TRS should be on an activated carrier which is generally an intra-band carrier, and should be configured/received for the UE before the activation process starts. In another solution, in case of the cross-carrier SSB or P/SP TRS is not available, the AP TRS may be transmitted in consecutive slots according to the design of the associated P/SP TRS so that the UE can derive sufficient tracking information from the TRS.
For an unknown SCell, most likely the SSB (or RS based on SSS/PSS) needs to be transmitted, and then the P/SP/AP TRS may be transmitted. The activation latency will be long, so it may be desirable to avoid the case of a SCell becomes unknown via a long-periodicity RS.
Proposal 8: Further study the QCL requirement for aperiodic TRS based on RAN4 inputs.

Triggering command
As seen above, different scenarios exist, and different functionalities are required. The scenarios include at least known SCell and unknown SCell, which implies that the activation procedure may or may not need SSB. In addition, for AGC settling, usually it needs TRS and/or CSI-RS. For time/frequency tracking, usually it needs TRS. And for CSI measurement/acquisition, usually it needs CSI-RS and CSI reporting, and/or SRS. However, to mandate all these RSs be transmitted and processed during the activation may not be realistic due to the high RS overhead and operation/processing complexity. This means that under difference circumstances, different RSs and different procedures should be adopted. Therefore, it is needed to provide a flexible framework for configuration and triggering temporary RS with reasonable overhead and complexity. A joint triggering command design and its associated triggering mechanism can provide such flexibility with low triggering overhead and complexity, which is described below.
SCell activation triggering (i.e., activation command) configuration and temporary RS configuration are supported. For a configured SCell, a TRS as a temporary RS is always configured, and optionally an AP CSI-RS is configured, and optionally an AP SRS is configured. These RSs will be useful during the SCell activation procedure. At least the TRS will be always transmitted during the SCell activation, for all the possible ways that the SCell activation is triggered: via a MAC signaling, via an AP TRS L1 trigger for the TRS, via an AP CSI-RS L1 trigger for the CSI-RS which is associated with the SCell and hence the TRS, or via an AP SRS L1 trigger for the SRS which is associated with the SCell and hence the TRS. Therefore, there are the following components and possible ways:
· Minimum standardized components for SCell activation: 
· MAC activation command to activate the SCell is supported (but not necessarily sent in every activation, since other triggers may be sent).
· An AP TRS is configured with the SCell, and it will be transmitted during the SCell activation.
· Additional components that can be optionally configured and used for SCell activation: 
· AP TRS trigger (sent on another cell) may be used to trigger the AP TRS and the SCell activation without MAC activation command.
· An AP CSI-RS may be configured with the SCell. If configured, the AP CSI-RS is also sent when the SCell activation starts.
· AP CSI-RS trigger (sent on another cell) may be used to trigger the AP CSI-RS and the SCell activation without MAC activation command.
· An AP SRS may be configured with the SCell. If configured, the AP SRS is also sent when the SCell activation starts.
· AP SRS trigger (sent on another cell) may be used to trigger the AP SRS and the SCell activation without MAC activation command.
Figure 1 illustrates the framework for SCell activation. The SCell supports the minimum standardized components and mechanism for SCell activation, including that MAC activation command (e.g., with existing L2 signaling) to activate the SCell is always supported (but not necessarily sent during every activation), and an AP TRS is always configured with the SCell, so it is always transmitted during the SCell activation, regardless of how the activation starts. Additional components that can be optionally configured and used for SCell activation include AP TRS trigger, AP CSI-RS, AP CSI-RS trigger, AP SRS, AP SRS trigger. If an AP CSI-RS trigger is received, then the associated AP CSI-RS will be sent during the SCell activation, which is also associated with an AP TRS, and the AP TRS will also be sent. If an AP TRS trigger is received, in which the TRS indicated by the TRS trigger may be different from the default TRS configured for the SCell, then the TRS indicated by the TRS trigger is sent and the default TRS is not sent. If an AP SRS trigger is received, then the associated AP SRS will be sent during the SCell activation, which is also associated with an AP TRS, and the AP TRS will also be sent. Similarly, if AP RS for SSS / PSS is supported, the above framework can also incorporate the AP RS for SSS / PSS and its associated trigger.
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Figure 1 Illustration of SCell activation triggering commands and temporary RS. Green parts are the minimum components for the enhanced SCell activation, and red parts are additional components that can be optionally configured and used for the enhanced SCell activation
Therefore, joint triggers are supported which start the SCell activation and trigger at least the associated AP TRS. The use of joint triggers helps reduce triggering signaling overhead. Additionally, depending on the type of the joint trigger, additional AP TRS / AP CSI-RS / AP SRS can also be triggered, which provides full flexibility to the network to control the activation process. Existing L1 / L2 triggering commands may be used without any modification, thus reducing the standard impact; only the association of a temporary RS to the SCell activation and corresponding UE behavior need to be enhanced in Rel-17. 
We have the following proposal:
Proposal 9: Support joint triggering SCell activation and an AP TRS, and the joint trigger may be
· An existing MAC activation command;
· An existing AP CSI-RS trigger, which also triggers the associated AP CSI-RS; 
· An existing AP SRS trigger, which also triggers the associated AP SRS; or
· An existing AP TRS trigger, which triggers the associated AP TRS.
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In this contribution, we discussed Rel-17 efficient SCell activation mechanism. The following are proposed: 
Proposal 1: Support efficient SCell activation via existing L2 signaling with enhanced activation procedure:
· SCell activation procedure initiated when UE receives the L2 signaling;
· Associated temporary RS is triggered with the L2 signaling, and FFS the starting time for triggering offset.
Proposal 2: Support efficient SCell activation via existing L1 AP RS (e.g., TRS/CSI-RS/SRS based temporary RS if agreed) triggers with enhanced activation procedure:
· SCell activation procedure initiated when UE receives a temporary RS trigger associated with the SCell.
Proposal 3: Support long-periodicity RS (e.g., TRS / CSI-RS / CSI-IM / SRS / SSS / PSS if agreed) as optional temporary RS / RS resources.
Proposal 4: Support aperiodic CSI-RS as optional temporary RS, to be triggered if the SCell activation requires a valid DL CSI.
Proposal 5: Support AP CSI-IM as optional temporary RS resource if AP CSI-RS is supported as temporary RS.
Proposal 6: Support aperiodic SRS as optional temporary RS, to be triggered if the SCell activation requires a valid UL CSI or DL CSI for TDD or UL TA / PC / beam.
Proposal 7: Support aperiodic triggering of SSS/PSS search time window for the case of unknown SCell.
Proposal 8: Further study the QCL requirement for aperiodic TRS based on RAN4 inputs.
Proposal 9: Support joint triggering SCell activation and an AP TRS, and the joint trigger may be
· An existing MAC activation command;
· An existing AP CSI-RS trigger, which also triggers the associated AP CSI-RS; 
· An existing AP SRS trigger, which also triggers the associated AP SRS; or
· An existing AP TRS trigger, which triggers the associated AP TRS.
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