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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the past few 3GPP RAN1 meetings, agreements and working assumptions on efficient activation/de-activation mechanism for SCells were achieved, a few of which are listed below:
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:
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).
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)
Send an LS to RAN4. The LS is endorsed in R1-2104110.
RAN4 also provided LS reply R4-2104067 (R1-2102300) and R4-2105799 (R1-2104170) to R1-2009798. Some conclusions / definitive answers are:
· 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.
· 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.
· 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.
In this contribution, further discussions on these enhancements are provided. 

Discussion
Summary of RAN4 LS replies
The following table provides a summary of RAN4 LS replies on the needed number of TRS bursts for several cases. All other cases are still TBD in RAN4.

Table 1 Summary of RAN4 requirements on the number of 2-slot TRS bursts
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There are still a few entries in the table that are unclear from RAN4 inputs. We suggest to prioritize the cases with complete answers from RAN4 for now, and work on other cases when RAN4 decisions are available.
Proposal 1: Prioritize the following cases before further decisions from RAN4 are made:
· FR1 known SCell
· FR1 unknown SCell with an activated intra-band contiguous cell
· FR2 known SCell with an activated intra-band cell

Candidate temporary RS other than TRS
Candidate temporary RS considerations for an unknown SCell
In addition to TRS which has been agreed as a temporary RS, the following candidate temporary RS may be considered for an unknown SCell.
· SSB 
A to-be-activated SCell may be known to the UE or unknown to the UE. If it is known, there is no need for cell search / cell detection. If the SCell is unknown, however, then the SSB may be triggered and transmitted as a temporary RS for cell search / cell detection. According to RAN4 reply, in some cases, the cell detection is not needed, but for other cases when the cell detection is needed, SSB can be used as in legacy procedures, and aperiodic SSB which is transmitted on demand can reduce the latency compared with periodic SSB. The potential latency reduction becomes more significant if the periodic SSB’s periodicity is longer. Thus, aperiodic SSB should be considered as temporary RS for unknown cells.
For the aperiodic triggering of SSB, due to the potential timing uncertainty, the precise timing of the RS based SSS/PSS may not be known to the UE in some cases. 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.
Aperiodic SSB may also be used for AGC and/or time-frequency tracking, in addition to cell detection, though the aperiodic SSB for AGC/time-frequency tracking may be substituted by AP TRS burst(s).

· Cross-carrier RS
A temporary RS may rely on a cross-carrier signal, e.g., if the to-be-activated SCell is unknown, the AP TRS on the SCell may be seen as QCLed with a cross-carrier SSB or a cross-carrier P/SP TRS. The cross-carrier SSB or P/SP TRS should be on an activated carrier which is generally an intra-band carrier (or even stronger, intra-band contiguous/adjacent carrier), and may be configured/received for the UE before the activation process starts. Based on network configuration and standard specification, the UE can assume some common properties across multiple serving cells, and thus a good amount of information about a to-be-activated SCell can be derived by the UE. 
However, the UE cannot assume any common properties across serving cells without network assistance or standardized UE behavior (including UE capability reporting). Then Rel-17 can consider to specify network signaling to the UE about the side information and the UE assumptions with the side information. There are some approaches (not mutually exclusive) to support this, which are potential ways to specify cases/conditions utilizing intra-band (contiguous or non-contiguous) activated serving cell to assist SCell activation according to RAN4 LS.
· Configure/assume cross-carrier QCL properties
A RS sent by a cell may be configured/assumed to QCL with another RS sent by another cell. For example, the TRS on a to-be-activated SCell may be QCLed to the SSB on an activated serving cell, where the activated serving cell may be on a carrier that is intra-band and contiguous (adjacent) with the to-be-activated SCell for FR1, or intra-band with the to-be-activated SCell for FR2. Note that cross-carrier QCL was discussed in RAN1; see [1] for a summary. 
To configure/assume cross-carrier QCL, association between the SSBs for the carriers may be considered. That is, SSB 1 in cell 1 is QCLed with SSB 2 in cell 2, or vice versa. The UE does not really need to utilize one SSB to receive the other SSB, but the QCL relation is to inform the UE that cross-carrier QCL can be assumed. With the SSBs associated with each other, the other signals QCLed to SSB can be assumed to have implied QCL relationships with the cross-carrier SSB.
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Figure 1 Example of bi-directional cross-carrier QCL (relationships shown by dashed lines may be assumed and not need to be configured)


Figure 1 shows an example. In the example, on each carrier, legacy QCL relationships are configures as usual, e.g., TRS 1 is QCLed with Type A to SSB 1, and TRS 2 is QCLed with Type A to SSB 2. When cell 1 and cell 2 are in a band with intra-band CA, or are on carriers with intra-band contiguous CA, or have shared PA, etc., SSB 1 and SSB 2 may be configured / assumed with cross-carrier QCL. Then during the SCell activation, TRS 1 of the to-be-activated cell 1 may be assumed to QCL with Type C/D to SSB 2 of the activated cell 2, and vice versa. 
The QCL between SSB 1 and SSB 2 should be interpreted as bi-directional, i.e., the source and target in the RS pair may be flipped. This may be defined as a new QCL type. For example if cell 1’s SSB is configured as QCL with cell 2’s SSB, since such a relationship is reciprocal between cell 1 and cell 2, it is not necessary to configure the reverse direction and it can be assumed by the UE.
· Introduce new QCL types for pathloss, RSRP, and frequency/time synchronization across carriers
The existing QCL types can be generalized to define that new properties as listed above may be assumed by the UE if signalled by the network. The QCL relationship may be signalled based on reference to cell index, SSB, or RS. If no additional signaling is to be adopted, then the relationship may be specified in standards for intra-band and contiguous carriers for FR1 and intra-band carriers for FR2.
· Introduce cell sets sharing common properties
More generally, the above described common properties are shared among multiple cells, such as intra-band adjacent cells (for FR1, for example), intra-band cells (for FR2), or cells in adjacent bands if they share the same PA/RF. Therefore, it may be useful to introduce cell sets with common properties. This may be done resembling TAGs, that is, the cells are configured into multiple TAGs, and the cells within the same TAG share the same TA.
· Introduce offset values 
Even if some properties are not the same between two cells, there may be a fixed offset (or an offset bounded by an upper bound) between them and known to the network or can be derived by the UE. The network can signal the offset value to the UE. For example, if the symbol boundary of cell 1 is x ms ahead of that of cell 2, the x value can be signalled to the UE and the UE can apply it for acquiring rough timing. For another example, if the pathloss for cell 1 is y dB higher than that for cell 2, the y value can be signalled to the UE for estimating its initial AGC setting. Alternatively, the UE may derive the offset value, e.g., based on the separation of the cells.
Proposal 2: Support aperiodic triggering of SSB search time window for the case of unknown SCell.
Proposal 3: Support cross-carrier RS and cross-carrier properties (e.g., bi-directional cross-carrier QCL between SSBs) for efficient activation according to RAN4 LS inputs.
Aperiodic CSI-RS, CSI-IM, and SRS as temporary RS
In addition to AP TRS which has been agreed as a temporary RS, the following candidate aperiodic RS can also be considered:
· Aperiodic CSI-RS for a to-be-activated SCell
CSI acquisition is a necessary component of SCell activation, and hence in LTE and NR it is always required that a valid CSI report is transmitted as part of the RAN4 SCell activation delay requirements. Reducing the CSI acquisition time can reduce the SCell activation delay. CSI acquisition may be done by DL CSI-RS (and CSI-IM resource; to be further discussed) and UE CSI reporting, or alternatively by UL SRS (to be further discussed). For DL based CSI acquisition, aperiodic CSI-RS and periodic/semi-persistent CSI-RS may be considered. However, periodic/semi-persistent CSI-RS can only be transmitted with predetermined periodicity and slot offset, which may not lead to activation delay reduction in general. On the other hand, aperiodic CSI-RS are more flexible and can be triggered right when the activation procedure starts. Therefore, aperiodic CSI-RS should be included as an additionally configurable temporary RS.
Aperiodic CSI-RS as temporary RS may not have to be triggered every time during a SCell activation. If a quick report of DL CSI is desirable by the network, then the network should be able to trigger an additionally configurable aperiodic CSI-RS, but otherwise the network can decide not to trigger it.
If one transmission of aperiodic CSI-RS 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 guaranteed by MAC CE based CSI-RS triggering (with at least 3 ms timing offset and additional K0 slot 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. 

· Aperiodic CSI-IM and aperiodic CSI
In order for the UE to generate a valid CSI report, CSI-IM resource is needed. Therefore, 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.

· Aperiodic SRS for a to-be-activated 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. (Note that, however, if the SCell activation is considered as completed only after a valid CQI report is sent, an early CSI acquisition via AP SRS still cannot shorten the activation delay.) In addition, utilizing SRS in activation can shift some of the processing from the UE to the network, thus reducing UE processing complexity. Regarding aperiodic SRS versus periodic SRS, similar to the CSI-RS analysis, aperiodic SRS is more suitable for SCell activation delay reduction. Hence, AP SRS should also be considered as an additionally configurable temporary RS.
Aperiodic SRS as temporary RS may not have to be configured / triggered for every to-be-activated 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 additionally configurable aperiodic SRS, but otherwise the network can decide not to configure / trigger it. 

[bookmark: _Hlk53999734]Therefore, we suggest to add AP CSI-RS, AP CSI-IM, AP SRS, and AP SSB (discussed before) 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 4: Support aperiodic CSI-RS as additionally configurable temporary RS, to be triggered if the SCell activation requires a valid DL CSI with reduced delay.
Proposal 5: Support AP CSI-IM as additionally configurable temporary RS resource if AP CSI-RS is supported as temporary RS.
Proposal 6: Support aperiodic SRS as additionally configurable temporary RS, to be triggered if the SCell activation requires a valid UL CSI or DL CSI for TDD or UL TA / PC / beam with reduced delay.

On long-periodicity RS
Periodic RS may help maintain the connection between the UE and the deactivated SCell, which will in turn facilitate SCell activation. Whether periodic RS may be included as “temporary RS” can be further discussed, but (only) long-periodicity RS may be considered for a deactivated SCell to avoid frequent monitoring of the RS while avoiding the SCell to become unknown.
· 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. 
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.

· A combination of P/SP/AP CSI-RS for a to-be-activated 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 for efficient SCell activation, 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.

· Periodic SRS for a deactivated SCell
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 SRS may not have to be configured 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 an optional periodic SRS, but otherwise the network can decide not to configure it.

· Periodic SSB for a deactivated SCell
Similar to the periodic / aperiodic CSI-RS / TRS / SRS described above, for SSB, it is also preferred to combine long-periodicity SSB with aperiodic SSB.
Proposal 7: Support long-periodicity RS (e.g., TRS / CSI-RS / CSI-IM / SRS / SSB) as additional RS / RS resources to facilitate efficient SCell activation.

Triggering signaling
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 general L2 triggering signaling 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 the default temporary RS is always configured, and optionally an AP CSI-RS (and CSI-IM resource) 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, and other RS may be optionally transmitted. Therefore, there are the following components and possible ways:
· Minimum standardized components for SCell activation: 
· Legacy MAC CE activation command to activate the SCell is supported.
· One AP TRS is configured with the SCell, and it will be transmitted during the SCell activation, i.e., triggered by the same legacy MAC CE for activation.
· Additional components that can be additionally configurable and used for SCell activation: 
· One or more additional AP TRS may also be configured for the SCell. A new MAC CE may select an AP TRS to be triggered during the SCell activation (depending on the design, this MAC CE or another MAC CE initiates SCell activation).
· One or more AP CSI-RS may be configured for the SCell. MAC CE may select an AP CSI-RS to be triggered during the SCell activation. One CSI-RS may be the default, so if the SCell activation starts without additional indication, the default AP CSI-RS is also sent.
· One or more AP SRS may be configured for the SCell. MAC CE may select an AP SRS to be triggered during the SCell activation. One SRS may be the default, so if the SCell activation starts without additional indication, the default AP SRS is also sent.
Figure 2 illustrates the framework for SCell activation. 
· The SCell supports the minimum standardized components and mechanism for SCell activation, including that legacy MAC activation command to activate the SCell is always supported, and a default 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 L2 trigger, AP CSI-RS, AP CSI-RS L2 trigger, AP SRS, AP SRS L2 trigger. 
· If an AP TRS L2 trigger is received, in which the TRS selected by the TRS trigger may be different from the default TRS configured for the SCell, then the TRS selected by the TRS trigger is sent and the default TRS is not sent. 
· If an AP CSI-RS L2 trigger is received, then the selected AP CSI-RS will be sent during the SCell activation, and the default AP TRS will also be sent. 
· If an AP SRS L2 trigger is received, then the selected AP SRS will be sent during the SCell activation, and the default 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 2 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
Regarding the details of L2 activation and triggering design, several possibilities may be considered:
· Alt 1: one legacy MAC CE for activation, which also triggers one pre-configured temporary RS 
· Alt 2: one legacy MAC CE for activation + one new MAC CE for temporary RS triggering. The new MAC CE for temporary RS triggering may not be useful for scenarios other than SCell activation, so it may not be used without accompanying the SCell activation MAC CE. That is, the new MAC CE for temporary RS triggering should only be expected in a PDSCH also carrying the SCell activation MAC CE.
· Alt 3: one new joint MAC CE for activation and temporary RS triggering
· Alt 4: left to RAN2
We remark that MAC CE for temporary RS triggering is not the same as activation of some RS; triggering is a one-shot transmission of the RS but activation activates periodic / semi-persistent transmissions of the RS with pre-configured periodicity and slot offset.
We think Alt 1 should be supported, and further detail of new MAC CE design may be left for RAN2 based on RAN1 input of functionalities.
We have the following proposal:
Proposal 8: Support the legacy MAC CE activation command to jointly trigger SCell activation and one AP TRS configured by RRC.
Proposal 9: Additionally, support MAC CE to select/trigger one of the additional AP TRSs configured by RRC, select/trigger one of AP CSI-RSs additionally configured by RRC, and select/trigger one of AP SRSs additionally configured by RRC.
· Send an LS to RAN2 on the requirements for MAC CE / RRC design to support the activation and temporary RS selection/triggering.

Triggering procedure and timeline enhancements
The activation and triggering procedures, timeline, and UE behavior with a L2 signaling can be enhanced. There can be many cases and not all of them have to be explicitly handled in RAN1 standards (they are to be explicitly handled in RAN4 TS 38.133). RAN1 provides an overall timeline for RAN2 TS 38.321 activation timing and refers to RAN4 TS 38.133 for activation delay requirement. An example is provided in Figure 3, assuming FR1 known cell with 15 kHz SCS.
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Figure 3 Example triggering procedure and timeline (for FR1 known cell with 15 kHz SCS)

Details of some components are described below.
· MAC CE triggering time: ending in slot n
This is the slot when the PDSCH carrying MAC CE(s) for activation and temporary RS selection/triggering ends. Note that before the PDSCH reception, there is DCI reception. 
· HARQ, initial MAC processing, and RF delays: ending in slot n + k
The slot n + k is still defined as one slot after the required MAC decoding and processing time, which is the same as the current TS 38.213 of slot n + k, i.e., slot n + k1 + 3 Nslot,subframe, µ + 1. The initial MAC processing refers to MAC CE decoding and other MAC related operations but not those specified in clause 5.9 of TS 38.321 for CSI/PDCCH/SRS/PUCCH/etc. operations.
By this time, temporary RS is not transmitted.
· AGC, gap, time/frequency tracking, fine timing, cell search, etc., after slot n + k
Temporary RS needs to be transmitted after slot n+k. RAN1 had an earlier agreement “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”. Thus, m should be equal to n + k, i.e., m = n + k.
For FR1 known cell, if the measurement cycle is no more than 160 ms, then AGC is not needed, but otherwise 1 burst of AP TRS is needed. After the AGC is set, a minimum gap of 2 slots is also needed.
Then time/frequency tracking based on another burst of AP TRS is needed.
In some cases, fine timing may be needed, cell search for an unknown cell is needed, some uncertainties (for MAC, RRC, etc.) are also needed as defined in TS 38.133. 
Some details of these operations are not to be specified in RAN1. The role of RAN1 here may be to ensure 1 or more AP TRS bursts with desired design are provided. RAN1 may inform RAN2/RAN4 about X AP TRS bursts with some gaps in between, and the X may be 1, 2, or more, and the TRS bursts should be for the same BWP, not for different BWPs. The MAC signaling details and timing details can be left to RAN2/RAN4.
· Time offset for the first AP TRS
In order for the UE to receive an AP TRS, the TRS should not be sent before the initial MAC processing and RF delays are done. So the earliest possible timing may be immediately after slot n + k, e.g., slot n + k + 1. However, it may be useful to allow some flexibility here, such as the UE may take some time to get ready for the AP TRS. This is a bit similar to L1 AP TRS triggering offset; a larger offset can allow the UE to have more time to respond. Therefore, we suggest to transmit the AP TRS in slot n + k + kTRS, where kTRS is an additional slot offset for AP TRS (also referred to as K0 or aperiodicTriggeringOffset for CSI-RS/TRS) and may be configured by RRC signaling or specified by MAC signaling. The kTRS may also be a fixed value specified by the standards, or may take one value out of several specified by the standards, and the selection is via RRC or MAC signaling.
In more details, the current mechanism for TRS triggering offset may be largely reused. In the current mechanism, the maximum possible triggering slot offset for a CSI-RS is 24 or 31, and MinSchedulingOffsetK0-Values can take one or two values up to 16, where each minimum K0 parameter denotes minimum applicable value(s) for the TDRA table for PDSCH and for A-CSI RS triggering Offset(s). When multiple minimum K0 parameters are configured, one of them is indicated in the triggering DCI. When no minimum K0 parameter is configured, the default offset specified by the standard specification is to be used. Then for AP TRP triggering via MAC CE, 0, 1, or more minimum K0 parameters may be configured for the configured TRS, and the MAC CE can select one which will be the kTRS described in the above. 

· SRS, CSI, PDCCH, PUCCH, etc.
At the final stage of activation after slot n + k, according to TS 38.133, operations related to SRS, CSI, PDCCH, PUCCH, etc., can start. Note that CSI reporting related operations can start as early as slot n + k.
Other temporary RS, such as AP CSI-RS/SRS and even more AP TRS may be transmitted, and AP CSI reporting with a valid CQI may be performed.
· Time offset for AP CSI-RS
Similar to the timing offset design for AP TRS above, the AP CSI-RS may be transmitted in slot n + k + kCSI-RS, where kCSI-RS is an additional slot offset for AP TRS, and the AP SRS in slot n + k + kSRS, where kSRS is an additional slot offset for AP SRS. These offsets may be configured by RRC signaling or specified by MAC signaling. These offsets may also be a fixed value specified by the standards, or may take one value out of several specified by the standards, and the selection is via RRC or MAC signaling.
In general, the offset for CSI-RS should be larger than that for TRS, and ensure that the CSI-RS is sent only after any prerequisite TRS burst(s) is completed. For example, if 2-slot AGC with TRS is needed, followed by 2-slot gap and another TRS burst of 2 slots for tracking, the CSI-RS offset should be after the TRS burst for tracking, e.g., kCSI-RS ≥ kTRS + 6 slots. Generally, as the network controls the activation process and temporary RS transmissions under various conditions (e.g., those specified in TS 38.133), the network should guarantee that the offsets for the signals can meet appropriate signal transmission/reception requirements.
The CSI-RS triggering offset mechanism may be similar to the above TRS triggering offset mechanism. To have more flexibility, the configured AP CSI-RS may be allowed to have a different offset than the AP TRS triggering offset. Generally, the offsets may be configured differently for different TRS/CSI-RS resources in RRC, and may be indicated differently/separately for different TRS/CSI-RS resources in the MAC CE.
· Time offset for AP SRS
The offset for SRS generally may be larger than that for TRS, but if the prerequisites are already available/valid for the SRS, the SRS may be sent as early as the TRS. For example, for SRS with usage “antennaSwitching” or “codebook” in FR1, if the pathloss RS for the SRS and other prerequisites (e.g., timing advance) are available/valid, the SRS may be sent without waiting for AGC or tracking to be completed; note that the RSRP/pathloss estimate may still be available/valid for the SRS especially if long-periodicity SSB/CSI-RS are still transmitted during deactivation, or if the pathloss RS is allowed to be configured on a different serving cell which is activated, and the TA may be valid if the SCell is in a TAG with an activated serving cell. However, for “nonCodebook”, a prerequisite is the associated CSI-RS (on the same carrier as the SRS) to be transmitted, so the SRS with “nonCodebook” can only be after the associated CSI-RS. Again, the network can guarantee the proper time order with sufficient flexibility in selecting the offsets.
The AP SRS triggering offset may be based on one or more configured slotoffset values, and one value is to be selected by the MAC CE. However, as the SRS can only be transmitted in UL slot or on UL symbols in a flexible slot in TDD, the triggering slot offset may also be only accounting for UL slots and flexible slots with sufficient OFDM symbols to fit the AP SRS transmission.
· CSI reporting
CSI reporting, based on AP/P/SP CSI-RS and the associated CSI-IM, may be done after the CSI-RS transmission(s) and an additional time delay for UE processing. The time relation between the CSI-RS transmission and the CSI reporting as defined in current standards can be reused.
The CSI reporting may be on a different carrier or on the carrier being activated. For P/SP CSI reporting, current standardized procedures can be followed. For AP CSI reporting triggered by MAC CE, the reporting parameters should be mainly configured by RRC and the rest few (if any) by the MAC CE. A straightforward design is to add a CSI request field in the MAC CE and the design of the field is similar to that in a DCI.
· BWP
By default, when the SCell is activated, the UL BWP and DL BWP that are being activated are based on firstActiveDownlinkBWP-Id and firstActiveUplinkBWP-Id. Therefore, the above signals and operations, e.g., the configured TRS and its transmission should be on the first active BWPs. If the gNB needs to activate a different DL BWP or UL BWP, it may also indicate so in the MAC CE, and the signals and operations will be for the indicated BWP(s). Alternatively, as a configured TRS is associated with a BWP ID, when a specific TRS is selected by the MAC CE, the BWP associated with the TRS is selected to be the active BWP. On the other hand, RAN1 had an 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”. It is a bit unclear how the independence on the BWP may be achieved, and further discussion can be considered.
We have the following proposal.
Proposal 10: For SCell activation, support
· On and after slot n + k (according to current TS 38.213) + kTRS, transmission of X AP TRS bursts with a gap between the bursts, the value of X includes at least 1 and 2; additional values may be from RAN4
· On slot n + k + kSRS, transmission of AP SRS if configured or triggered by MAC CE
· On slot n + k + kCSI-RS which is also after a number of AP TRS bursts, transmission of AP CSI-RS/CSI-IM if configured or triggered by MAC CE, and reporting a valid CQI based on existing reporting mechanism
· The values of kTRS, kSRS, and kCSI-RS are determined by the network and provided to the UE by RRC or MAC signaling
· Inform RAN2/RAN4 on RAN1 decisions in an LS.

[bookmark: _Hlk71040555]Aperiodic TRS and 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 to-be-activated 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 the channel properties derived from the SSB and/or associated P/SP TRS are still valid for the AP TRS to use. Then there is no issue with the QCL for AP TRS. This has been confirmed by RAN4 for FR1/FR2. For FR1, if the known SCell measurement cycle is no larger than 160 ms, 1 burst of 2 slots with 4 AP CSI-RS resources as TRS is sufficient for time/frequency tracking, and if the known SCell measurement cycle is larger than 160 ms, 2 bursts of AP CSI-RS resources as TRS are sufficient for AGC and time/frequency tracking. For FR2, 1 burst of 2-slot AP CSI-RS resources as TRS is sufficient for fine timing tracking. Therefore, the SSB and/or associated P/SP TRS of the to-be-activated SCell is the QCL source for the temporary AP TRS in case of known SCell.
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 as described before, such as the AP TRS is QCLed with a cross-carrier SSB or a cross-carrier P/SP TRS, and the QCL type may be Type C (and also D for FR2) or further discussed. 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.
After the transmission of AP TRS during activation, it should serve as the QCL source for other RS(s) after it, including P/SP TRS, P/SP/AP CSI-RS, P/SP/AP SRS. However, after a transmission of P/SP TRS, the P/SP TRS, or the P/SP and AP TRS jointly, can be used as the QCL source for RS(s) after it.
For an unknown SCell, most likely the SSB (or RS based on SSS/PSS) needs to be transmitted, preferably based on a trigger over periodic SSB, and then the P/SP/AP TRS may be transmitted. The activation latency will be longer, so it may be desirable to avoid the case of a SCell becomes unknown via a long-periodicity RS.
Proposal 11: The associated P/SP TRS and SSB of the to-be-activated SCell is the QCL source for the temporary AP TRS in case of known SCell.
Proposal 12: The AP TRS serves as the QCL source for other RS following it, including P/SP TRS if sent after the AP TRS, and the AP/P/SP TRS serves as the QCL source for other RS after the P/SP TRS.

RS transmissions during activation for different cases
As described above, for different cases with different requirements on AGC/cell detection/tracking, RS transmissions may be different. A summary is provided in below table.

Table 2 Summary of the number of 2-slot TRS bursts and number of SSB transmissions (numbers in the table are for 2-slot TRS bursts unless otherwise specified)
[image: ]
From the table, we can see at least 2-slot TRS burst(s) should be supported, and m1 SSB bursts and/or m2 SSB bursts should be supported, where m1 and m2 may be 1 or more. The cases (i.e., rows) in the table may be assigned with IDs and the IDs may be selected by the MAC CE to reduce MAC signaling overhead.
Proposal 13: Support at least 1 burst and 2 bursts of 2-slot aperiodic TRS, and m SSB bursts as temporary RS, and FFS m.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed Rel-17 efficient SCell activation mechanism. The following are proposed: 
Proposal 1: Prioritize the following cases before further decisions from RAN4 are made:
· FR1 known SCell
· FR1 unknown SCell with an activated intra-band contiguous cell
· FR2 known SCell with an activated intra-band cell
Proposal 2: Support aperiodic triggering of SSB search time window for the case of unknown SCell.
Proposal 3: Support cross-carrier RS and cross-carrier properties (e.g., bi-directional cross-carrier QCL between SSBs) for efficient activation according to RAN4 LS inputs.
Proposal 4: Support aperiodic CSI-RS as additionally configurable temporary RS, to be triggered if the SCell activation requires a valid DL CSI with reduced delay.
Proposal 5: Support AP CSI-IM as additionally configurable temporary RS resource if AP CSI-RS is supported as temporary RS.
Proposal 6: Support aperiodic SRS as additionally configurable temporary RS, to be triggered if the SCell activation requires a valid UL CSI or DL CSI for TDD or UL TA / PC / beam with reduced delay.
Proposal 7: Support long-periodicity RS (e.g., TRS / CSI-RS / CSI-IM / SRS / SSB) as additional RS / RS resources to facilitate efficient SCell activation.
Proposal 8: Support the legacy MAC CE activation command to jointly trigger SCell activation and one AP TRS configured by RRC.
Proposal 9: Additionally, support MAC CE to select/trigger one of the additional AP TRSs configured by RRC, select/trigger one of AP CSI-RSs additionally configured by RRC, and select/trigger one of AP SRSs additionally configured by RRC.
· Send an LS to RAN2 on the requirements for MAC CE / RRC design to support the activation and temporary RS selection/triggering.
Proposal 10: For SCell activation, support
· On and after slot n + k (according to current TS 38.213) + kTRS, transmission of X AP TRS bursts with a gap between the bursts, the value of X includes at least 1 and 2; additional values may be from RAN4
· On slot n + k + kSRS, transmission of AP SRS if configured or triggered by MAC CE
· On slot n + k + kCSI-RS which is also after a number of AP TRS bursts, transmission of AP CSI-RS/CSI-IM if configured or triggered by MAC CE, and reporting a valid CQI based on existing reporting mechanism
· The values of kTRS, kSRS, and kCSI-RS are determined by the network and provided to the UE by RRC or MAC signaling
· Inform RAN2/RAN4 on RAN1 decisions in an LS.
Proposal 11: The associated P/SP TRS and SSB of the to-be-activated SCell is the QCL source for the temporary AP TRS in case of known SCell.
Proposal 12: The AP TRS serves as the QCL source for other RS following it, including P/SP TRS if sent after the AP TRS, and the AP/P/SP TRS serves as the QCL source for other RS after the P/SP TRS.
Proposal 13: Support at least 1 burst and 2 bursts of 2-slot aperiodic TRS, and m SSB bursts as temporary RS, and FFS m.
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