	
	
	



[bookmark: _Hlk772559][bookmark: _Hlk4135959]3GPP TSG RAN WG1 Meeting #116-bis	R1-2401985
Changsha, Hunan Province, China, April 15th – 19th, 2024

Agenda item:		9.5.1
Source:	Nokia, Nokia Shanghai Bell
Title:		On-demand SSB SCell Operation
Document for:		Discussion and Decision
Introduction
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Based on the outcome of RAN1#116 meeting, the following agreements were made:
	Agreement:
Regarding the UE assumption on SSB transmission on a cell supporting on-demand SSB SCell operation, the following cases are identified for further study:
·  Case #1: No always-on SSB on the cell
·  Case #2: Always-on SSB is periodically transmitted on the cell
·  FFS: Whether always-on SSB and on-demand SSB are not cell-defining SSB if transmitted.
FFS: Which scenario the above applies for 

Agreement:
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.

Agreement
For the following identified scenarios for on-demand SSB SCell operation, focus future RAN1 discussion to down-select (both may be selected) between the two scenarios.
· Scenario #2: SCell is configured to a UE but before the UE receives SCell activation command (e.g., as defined in TS 38.321)
· Scenario #3: After UE receives SCell activation command (e.g., as defined in TS 38.321)
· This does not preclude SCell for which activation is completed
· FFS: The case where SCell activation is completed
FFS: Application timing between NW triggering message and on demand SSB transmission

Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE

Agreement
For SSB burst(s) triggered by on-demand SSB SCell operation, study at least the following options.
· Option 1: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A.
· Option 1A: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A until gNB turns OFF the on demand SSB
· Option 2: UE expects that on-demand SSB burst(s) is transmitted from time instance A to time instance B and not transmitted after time instance B.
· Option 3: UE expects that on-demand SSB burst(s) is transmitted N times after time instance A and not transmitted after N on-demand SSB bursts are transmitted.
· Option 4: UE expects that on-demand SSB burst(s) is transmitted with a periodicity from time instance A to time instance B and with the other periodicity after time instance B.
· FFS: The combination of above options
· FFS: How to define time instance A/B and the value of N per option
· FFS: Each option is applicable to which Cases or Scenarios (as per the previous agreement)


In this contribution, we will discuss the issues related to the on-demand SSB SCell operation. And in our companion contribution, we will discuss the issues on-demand SIB1 for idle/inactive mode UEs and adaptation of common signal/channel transmissions in [1][2].
On-demand SSB SCell operation for UEs in connected mode
2.1 NR CA scenarios for on-demand SSB SCell operation
In RAN1#116 meeting, for on-demand SSB SCell operation, there are two cases agreed, where the Case-1 targets on the cell, where the SSB transmission is not always-on. And the Case-2 targets on the case where there is always-on SSB with periodic transmission in the cell. Furthermore, regarding the FFS on which CA scenario the two cases shall be applied for, we have the following 4 scenarios to be discussed:
· (Case-1) SSB-less SCell operation with Contiguous Intra-band CA scenario;
· (Case-1) SSB-less SCell operation with Non-Contiguous Intra-band CA scenario; 
· (Case-1) SSB-less SCell operation with Co-located Inter-band CA scenario;
· (Case-2) Always ON periodic SSB transmission in SCell for all CA scenarios, including Non-co-located Inter-band CA scenario

· (Case-1) SSB-less SCell operation with Contiguous Intra-band CA scenario:
The SSB-less SCell operation is supported since NR CA Rel-15/16, where the UE measurement, i.e. AGC tuning, T/F sync, L1-RSRP, etc. of SSB-less SCell may rely on the SSB signal transmissions from the primary or reference cell. Practically, the SSB-less SCell operation can work fine under the Intra-band contiguous CA scenario, since co-location deployment has been assumed for intra-band CA. Therefore, the channel characteristic among the contiguous intra-band carriers can be assumed to be quite similar or even the same, and the AGC tuning and T/F synchronization timing derived from the SSB transmissions of Pcell/reference cell can be directly applicable to the SSB-less SCell. A UE configured with SSB-less operation in contiguous intra-band CA SCell does not require on-demand SSB transmission. 
Proposal 1: From the UE perspective, there is no need for on-demand SSB when SSB-less operation is configured in contiguous intra-band SCell.  

· (Case-1) SSB-less SCell operation with Non-Contiguous Intra-band CA scenario:
Currently the RAN4 RRM requirements for SSB-less SCell operation with Non-contiguous Intra-band CA scenario are under discussion and it is unclear if any RAN4 requirements will be specified. Generally, to our view, it can be quite similar to the Co-located Inter-band CA scenario. For the on-demand SSB SCell operation, anything specified for Co-located Inter-band CA scenario can be re-used for Non-contiguous Intra-band CA scenario. Thus, the SSB-less SCell operation with Non-contiguous Intra-band CA scenario can be de-prioritized.
Observation 1: Currently the RAN4 RRM requirements for SSB-less SCell operation with Non-contiguous Intra-band CA scenario is under discussion. Generally, it may be quite similar to the Co-located Inter-band CA scenario.
Proposal 2: (Case-1) SSB-less SCell operation with Non-contiguous Intra-band CA scenario can be de-prioritized. Anything specified for Co-located Inter-band CA scenario can be re-used for Non-contiguous Intra-band CA scenario.

· [bookmark: _Hlk157670588](Case-1) SSB-less SCell operation with Co-located FR1 Inter-band CA scenario:
Co-located FR1 Inter-band CA scenario was specified in R18 NES mainly lead by RAN4 WG, where the requirements for SSB-less SCell operation were specified for co-located FR1 Inter-band CA scenario. Moreover, the new UE capability reporting IE, scellWithoutSSB-interband, on UE indication supporting of SSB-less SCell operation with co-located Inter-band CA scenario is also specified. 
However, practically, especially for SSB-less SCell operation with co-located FR1 Inter-band CA scenario, the receive time difference (RTD) requirement between the reference cell and SSB-less SCell may not always be fulfilled, even if the UE is reporting its capability of supporting SSB-less SCell operation with co-located Inter-band CA scenario. In this case, the UE measurement on SSB-less SCell cannot be assumed or utilized from the SSB signal from the corresponding reference cell, which means the UE may not be able to operate properly on the SSB-less SCell. 
Currently with NW operation, NW blindly configures the SSB-less SCell to the UE, where the NW does not have the prior-knowledge on whether or not the UE is able to operate properly on the SSB-less SCell with respect to the RTD requirement. Thus, the UE measurements, such as RTD evaluation based on NW triggered on-demand SSB transmission in SSB-less SCell, can be quite important, where the corresponding UE measurement reporting may assist the network decision to configure or not for UE operation in such an SSB-less SCell. 
Observation 2: Practically, especially for SSB-less SCell operation with co-located FR1 Inter-band CA scenario, the receive time difference (RTD) requirement between the reference cell and SSB-less Scell may not always be fulfilled, even if the UE is reporting its capability of supporting SSB-less SCell operation with co-located Inter-band CA scenario.
Observation 3: Currently with NW operation, NW blindly configure the SSB-less SCell to the UE, where the NW does not have the prior-knowledge on whether or not the UE is able to operate properly on the SSB-less SCell with respect to the RTD requirement.
Observation 4: UE measurements, such as RTD evaluation based on NW triggered on-demand SSB transmission in SSB-less SCell, can be quite important, where the corresponding UE measurement reporting may assist the network decision to configure or not for UE operation in such an SSB-less SCell.
Proposal 3: For SSB-less operation with co-located FR1 Inter-band CA scenario, RAN1 to discuss how the UE measurement and reporting with RTD evaluation based on NW triggered on-demand SSB transmission in SSB-less SCell is done.
Furthermore, in RAN1#116 meeting, there were two scenarios, Scenario#2 and Scenario#3, agreed for where/when the on-demand SSB SCell operation is expected to be applied, where:
· For Scenario#2, the on-demand SSB SCell operation is applied between NW sending SCell configuration message, i.e. ScellConfig, and SCell activation command. 
· Considering the UE measurement with RTD evaluation as stated above, the RTD evaluation is performed by UE after the SCell configuration message sending by the NW blindly to the UE. And in this case, the NW may also trigger the on-demand SSB transmission in SSB-less SCell for UE RTD evaluation with SCell configuration message, where configurations of on-demand SSB transmissions can also be carried via SCell configuration message. Moreover, if the SSB-less SCell is unknown to the UE, the on-demand SSB transmission can also be utilized for the cell detection of SSB-less SCell before NW sending of SCell activation command, which it may benefit for reducing the latency of SCell activation procedure.
· For Scenario#3, the on-demand SSB SCell operation is applied after NW sending the SCell Activation command.
· Practically, the time between NW sending the SCell configuration message and SCell activation command can be short, where the UE RTD measurement based on on-demand SSB cannot be finished within this short period of time. In this case, the NW may trigger the on-demand SSB transmission in SSB-less SCell for UE RTD evaluation with SCell activation command, where the configurations of on-demand SSB transmissions can also be carried via SCell activation command. Similarly, if the SSB-less SCell is unknown to the UE, the on-demand SSB transmission can also be utilized for the cell detection of SSB-less SCell, which it may benefit for reducing the overall latency of SCell activation procedure.
Proposal 4: For Scenario#2, NW may trigger the on-demand SSB transmission in SSB-less SCell for UE RTD evaluation with SCell configuration message, where configurations of on-demand SSB transmissions can be carried via SCell configuration message. 
Proposal 5: For Scenario#3, NW may trigger the on-demand SSB transmission in SSB-less SCell for UE RTD evaluation with SCell activation command, where the configurations of on-demand SSB transmissions can be carried via SCell activation command.
Proposal 6: For both Scenario#2 and Scenario#3, if the SSB-less SCell is unknown to the UE, the on-demand SSB transmission can also be utilized for the cell detection of SSB-less SCell, which it may benefit for reducing the latency of SCell activation procedure.
Proposal 7: Both Scenario#2 and Scenario#3 are supported for on-demand SSB SCell operation with co-located FR1 Inter-band CA scenario.
In RAN1#116 meeting, there was also the Scenario#1 proposed. The intention of the Scenario#1 is that the on-demand SSB SCell operation can be applied before SCell is configured, i.e. before NW sending the SCell configuration message. Currently, the inter-frequency neighbouring cell measurement before the SCell addition or configuration is based on UE RSRP evaluation, and it does not consider the UE RTD evaluation, which is crucial for UE operation on SSB-less SCell with co-located FR1 Inter-band CA scenario as stated above. Moreover, having UE RTD evaluation before NW sending SCell configuration message, it may help the NW to avoid the signalling overhead of blind SCell configuration to UEs, where the NW triggered on-demand SSB transmission, i.e. via L1 signalling, may be needed for UE to perform the RTD evaluation and reporting before NW sending SCell configuration message.
Observation 5: Currently, the neighbouring cell measurement before NW operation of SCell addition or configuration is based on UE RSRP evaluation, and it does not consider the UE RTD evaluation, which is crucial for UE operation on SSB-less SCell with co-located FR1 Inter-band CA scenario.
Observation 6: Having UE RTD evaluation before NW sending SCell configuration message, it may help the NW to avoid the blind SCell configuration to UEs, where the NW triggered on-demand SSB transmission, i.e. via L1 signaling, may let the UE to perform the RTD evaluation and reporting before NW sending SCell configuration message.
Moreover, in practice, the network may not be able to configure a cell as SSB-less SCell for all UEs. As presented in Figure-1, Cell 3 could be configured to be SSB-less and UEs could use SSB from Cell 2 to obtain time and frequency synchronization. However, if Cell 2 is fully occupied and a new UE that only supports 2 CC CA and does not support inter-band SSB-less SCell, needs to be configured for CA operation then Cells 1 and 3 need to be used. The on-demand SSB could then be beneficial in Cell 3.
For these UEs, on-demand SSB needs to be transmitted as long as the SCell is configured/activated. This scenario seems relevant to the FFS aspect indicated in RAN1 agreement "FFS: The case where SCell activation is completed". For further discussion, we prefer to discuss "The case where SCell activation is completed" separately and refer it as a Scenario#4.
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Figure-1: Collocated FR1 inter-band scenario with and without SSB



· [bookmark: _Hlk157669901](Case-2) Always-ON periodic SSB transmission in SCell for all CA scenarios, including Non-co-located FR1 Inter-band CA scenario and Inter-band CA scenario with band combination of FR1 and FR2: and Inter-band CA scenario with band combination of FR1 and FR2:
Generally, the Case-2 with always-ON periodic SSB transmission in SCell can be applied for all Intra/Inter-band CA scenarios, including non-co-located FR1 Inter-band CA scenario and Inter-band CA scenario with band combination of FR1 and FR2.
From NW energy saving perspective, SSB transmissions with longer periodicity are preferred in SCell for better NW energy saving. However, the drawback of long SSB transmission periodicity is that it may take quite long time for UE measurement that may impact the latency of SCell activation for UE start utilizing the SCell. To speed-up the UE measurement time, as a trade-off, the NW may dynamically trigger the on-demand SSB transmission in SCell with denser and shorter periodicity for a certain duration, where it helps to speed-up the UE measurement time, i.e. for reducing the time required for UE cell detection measurement and/or L3 measurement, and in the meanwhile, it reduces the latency of UE SCell activation procedure. And after UE completing the measurement based on the NW triggered on-demand denser SSB, the UE may use the sparse SSB with longer periodicity for measurement tracking purpose.
Observation 7: From NW energy saving perspective, SSB transmissions with longer periodicity are preferred in SCell for better NW energy saving. However, the drawback of long SSB transmission periodicity is that it may take quite long time for UE measurement period.
Observation 8: To speed-up the UE measurement time, as a tradeoff, the NW may dynamically trigger the on-demand SSB transmission with denser and shorter periodicity for a certain duration, where it helps speeding-up the UE measurement time.
Moreover, to our view, both Scenario#2 and Scenario#3 can be considered, where for Scenario#2, the NW may trigger the on-demand denser SSB transmission via SCell configuration message for faster UE cell detection measurement before NW sending SCell activation command, and for Scenario-3, the NW may trigger the on-demand denser SSB transmission via SCell activation command for faster UE cell detection measurement after NW sending SCell activation command. Both scenarios can help to reduce the latency of SCell activation procedure.
Proposal 8: For Case #2 both Scenario#2 and Scenario#3 can be considered for faster UE cell detection measurement either before or after NW sending SCell activation command. And both scenarios can help to reduce the latency of SCell activation procedure.
Furthermore, we see the Case-2 scenarios can be treated in the AI. 9.5.3, where the time-domain adaptation of SSB transmission periodicity is to be discussed. As discussed above with Case-2 scenarios, the periodicity of on-demand SSB transmission is adapted shorter in time domain for assisting faster UE cell detection measurement compared with initial SSB transmission with long periodicity in SCell. Thus, it is proposed to consider Case-2 scenarios in AI.9.5.3.
Observation 9: Case-2 scenarios can be treated in the AI. 9.5.3, where the time-domain adaptation of SSB transmission periodicity is to be discussed. For Case-2 scenarios, the periodicity of on-demand SSB transmission is adapted shorter in time domain for assisting faster UE cell detection measurement compared with initial SSB transmission with long periodicity in SCell.
Proposal 9: It is proposed to consider Case-2 scenarios in AI. 9.5.3.
Based on the discussions of above CA scenarios, to our view, the NW-triggered mechanism of on-demand SSB SCell operation can be applicable to both Case-1 with SSB-less CA SCell operation (i.e. co-located FR1 Inter-band CA scenario) and Case-2 with always-on SSB periodic transmission in SCell for all Intra/Inter-band CA scenarios. SCell. It benefits for reducing the time required for UE cell detection measurement and/or L3 measurement, and in the meanwhile it reduces the latency of UE SCell activation procedure. 
Proposal 10: RAN1 to support the NW-triggered mechanism of on-demand SSB SCell operation targeting on both Case-1 with SSB-less CA SCell operation (i.e. co-located FR1 Inter-band CA scenario) and Case-2 with always-on SSB periodic transmission in SCell for all Intra/Inter-band CA scenarios.
Moreover, based on the agreement from RAN1#116, it is understood that the common design for all applicable CA scenarios can be applied at high-level, i.e. NW triggered on-demand SSB SCell operation. But for details, depending on the CA scenarios to be considered, the purpose of applying the on-demand SSB transmission can be different for different CA scenarios, where it may lead to different signaling and procedure with respect to the on-demand SCell operation.
Observation 10: Based on the agreement from RAN1#116, it is understood that the common design for all applicable CA scenarios can be applied at high-level, i.e. NW triggered on-demand SSB SCell operation. But for details, depends on the CA scenarios to be considered, the purpose of applying the on-demand SSB transmission can be different for different CA scenarios, where it may lead to different signaling and procedure with respect to the on-demand SCell operation.

2.2 Details on SSB transmission with on-demand SSB SCell operation:
Generally, regarding impact on SSB structure for on-demand SSB SCell operation, practically the SSB in a SCell may be used for various purposes e.g. cell detection, AGC tuning, time and frequency synchronization, L1/L3 measurement and as QCL source. Any change to the SSB structure has an impact on the existing SSB implementation both at network and UE side. As discussed during the RAN plenary meeting #102, any change to SSB format or structure are excluded from the scope of this objective.
Observation 11: Any change to SSB structure impacts the existing SSB implementation both at network and UE side.
Proposal 11: RAN1 to confirm that the on-demand SSB solutions will not impact the SSB structure. 

Furthermore, about the details on SSB transmissions with on-demand SSB SCell operation, multiple Options are considered in RAN1#116 agreement. 
To our view, the on-demand SSB transmission shall be transmitted with a certain duration, and the on-demand SSB transmission can be stopped implicitly, i.e. after NW receiving of UE measurement reporting or in another way the UE may stop monitoring of on-demand SSB transmission after sending the corresponding UE measurement report. And for different UE measurements, the number of required on-demand SSB bursts, N, for measurements can be different. Thus, Option 2 and 3 are supported for further detailed discussions. Moreover, the value of Instance A and N can be configurable in the SCell configuration message or SCell activation command to UE. The Instance B can also be configurable or implicitly derived based on transmission/reception of corresponding UE measurement report.
Proposal 12: Option 2 and 3 are supported for further detailed discussions. Moreover, the value of Instance A and N can be configurable in the SCell configuration message or SCell activation command to UE. The Instance B can also be configurable or implicitly derived based on transmission/reception of corresponding UE measurement report.
Regarding the Option 4 in the agreement, based on our understanding, it is intended for Case-2 with always-ON periodic SSB transmission in SCell, where the NW triggers on-demand denser SSB transmission with shorter SSB periodicity from time instance A, i.e. when NW sends SCell activation command, and later NW starts sending SSB with longer periodicity after time instance B, i.e. when NW receives UE measurement report. The Option-4 can be jointly considered or merged with the agreement from AI 9.5.3 about adaptation of SSB burst periodicity in time-domain. 
	Agreement
For SSB burst(s) triggered by on-demand SSB SCell operation, study at least the following options.
· Option 1: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A.
· Option 1A: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A until gNB turns OFF the on demand SSB
· Option 2: UE expects that on-demand SSB burst(s) is transmitted from time instance A to time instance B and not transmitted after time instance B.
· Option 3: UE expects that on-demand SSB burst(s) is transmitted N times after time instance A and not transmitted after N on-demand SSB bursts are transmitted.
· Option 4: UE expects that on-demand SSB burst(s) is transmitted with a periodicity from time instance A to time instance B and with the other periodicity after time instance B.
· FFS: The combination of above options
· FFS: How to define time instance A/B and the value of N per option
FFS: Each option is applicable to which Cases or Scenarios (as per the previous agreement)
Agreement: (from AI 9.5.3)
For adaptation of SSB in time-domain, consider the following adaptation mechanisms for further study 
· Adaptation of SSB burst periodicity
· Adaptation based on two SSB configurations where up to two configurations can be active
· Adaptation based on skipping/transmitting some SSB bursts non-uniformly with single SSB configuration
· Adapting the transmitted number of SSBs within a SSB burst
· Cell DTX for SSB adaptation
· Whether to support new SSB burst periodicity value(s)
· Whether to support new SSB burst(s) (i.e. how SSB transmission is made within a burst)
· New compact SSB burst(s) 
· Adapting the position of SSBs within a SSB burst
· Other mechanisms/combinations are not precluded



Observation 12: Option 4 is intended for Case-2 with always-ON periodic SSB transmission in SCell, where the NW triggers on-demand denser SSB transmission with shorter SSB periodicity from time instance A, i.e. when NW sends SCell activation command, and later NW starts sending SSB with longer periodicity after time instance B, i.e. when NW has received UE measurement report.
Proposal 13: Option-4 can be jointly considered or merged with the agreement from AI 9.5.3 about adaptation of SSB burst periodicity in time-domain. 
Also, for some scenarios, the on-demand SSBs may be available from a certain time instance e.g.: during SCell activation and remain available as long as the cell remains active. It would be beneficial to consider Option 1 and Option 1A for such scenarios.
Proposal 14: Option 1 and Option 1A can be applicable to some scenarios and to be considered for further discussion.
Further on whether on-demand SSB and always-on SSB can be non-cell-defining, based on the understanding that the on-demand SSB is considered for the SCell operations like L1/L3 measurements, time frequency synchronization and SCell activation, we feel the on-demand SSBs may be non-cell-defining SSB. However, for the Case-2 the always-on SSB may be cell-defining SSB or non-cell-defining SSB. It should be clarified if cell-defining on-demand SSB should be supported in Case-2. 
Proposal 15: On-demand SSB can be non-cell-defining SSB. However, for Case-2, RAN1 to clarify whether on-demand SSB can be cell-defining SSB.
The configuration for on-demand SSB could be made available to the UE along with the SCell Configuration. The required parameters and signaling enhancement may depend on the Scenarios and the SSB burst transmission options. Hence the configuration and signaling should be discussed once the scenarios and SSB burst transmission options are clear.
Observation 13: The parameter configuration and signaling enhancements of on-demand SSB may depend on the scenarios and the selected SSB burst transmissions options.
Proposal 16: Configuration details of on-demand SSB should be discussed after the scenarios and SSB burst transmission options are clarified.

Conclusions
In this contribution, we have the following observations and proposals:
Proposal 1: From the UE perspective, there is no need for on-demand SSB when SSB-less operation is configured in contiguous intra-band SCell.  
Observation 1: Currently the RAN4 RRM requirements for SSB-less SCell operation with Non-contiguous Intra-band CA scenario is under discussion. Generally, it may be quite similar to the Co-located Inter-band CA scenario.
Proposal 2: (Case-1) SSB-less SCell operation with Non-contiguous Intra-band CA scenario can be de-prioritized. Anything specified for Co-located Inter-band CA scenario can be re-used for Non-contiguous Intra-band CA scenario.
Observation 2: Practically, especially for SSB-less SCell operation with co-located FR1 Inter-band CA scenario, the receive time difference (RTD) requirement between the reference cell and SSB-less Scell may not always be fulfilled, even if the UE is reporting its capability of supporting SSB-less SCell operation with co-located Inter-band CA scenario.
Observation 3: Currently with NW operation, NW blindly configure the SSB-less SCell to the UE, where the NW does not have the prior-knowledge on whether or not the UE is able to operate properly on the SSB-less SCell with respect to the RTD requirement.
Observation 4: UE measurements, such as RTD evaluation based on NW triggered on-demand SSB transmission in SSB-less SCell, can be quite important, where the corresponding UE measurement reporting may assist the network decision to configure or not for UE operation in such an SSB-less SCell.
Proposal 3: For SSB-less operation with co-located FR1 Inter-band CA scenario, RAN1 to discuss how the UE measurement and reporting with RTD evaluation based on NW triggered on-demand SSB transmission in SSB-less SCell is done.
Proposal 4: For Scenario#2, NW may trigger the on-demand SSB transmission in SSB-less SCell for UE RTD evaluation with SCell configuration message, where configurations of on-demand SSB transmissions can be carried via SCell configuration message. 
Proposal 5: For Scenario#3, NW may trigger the on-demand SSB transmission in SSB-less SCell for UE RTD evaluation with SCell activation command, where the configurations of on-demand SSB transmissions can be carried via SCell activation command.
Proposal 6: For both Scenario#2 and Scenario#3, if the SSB-less SCell is unknown to the UE, the on-demand SSB transmission can also be utilized for the cell detection of SSB-less SCell, which it may benefit for reducing the latency of SCell activation procedure.
Proposal 7: Both Scenario#2 and Scenario#3 are supported for on-demand SSB SCell operation with co-located FR1 Inter-band CA scenario.
Observation 5: Currently, the neighbouring cell measurement before NW operation of SCell addition or configuration is based on UE RSRP evaluation, and it does not consider the UE RTD evaluation, which is crucial for UE operation on SSB-less SCell with co-located FR1 Inter-band CA scenario.
Observation 6: Having UE RTD evaluation before NW sending SCell configuration message, it may help the NW to avoid the blind SCell configuration to UEs, where the NW triggered on-demand SSB transmission, i.e. via L1 signaling, may let the UE to perform the RTD evaluation and reporting before NW sending SCell configuration message.
Observation 7: From NW energy saving perspective, SSB transmissions with longer periodicity are preferred in SCell for better NW energy saving. However, the drawback of long SSB transmission periodicity is that it may take quite long time for UE measurement period.
Observation 8: To speed-up the UE measurement time, as a tradeoff, the NW may dynamically trigger the on-demand SSB transmission with denser and shorter periodicity for a certain duration, where it helps speeding-up the UE measurement time.
Proposal 8: For Case #2 both Scenario#2 and Scenario#3 can be considered for faster UE cell detection measurement either before or after NW sending SCell activation command. And both scenarios can help to reduce the latency of SCell activation procedure.
Observation 9: Case-2 scenarios can be treated in the AI. 9.5.3, where the time-domain adaptation of SSB transmission periodicity is to be discussed. For Case-2 scenarios, the periodicity of on-demand SSB transmission is adapted shorter in time domain for assisting faster UE cell detection measurement compared with initial SSB transmission with long periodicity in SCell.
Proposal 9: It is proposed to consider Case-2 scenarios in AI. 9.5.3.
Proposal 10: RAN1 to support the NW-triggered mechanism of on-demand SSB SCell operation targeting on both Case-1 with SSB-less CA SCell operation (i.e. co-located FR1 Inter-band CA scenario) and Case-2 with always-on SSB periodic transmission in SCell for all Intra/Inter-band CA scenarios.
Observation 10: Based on the agreement from RAN1#116, it is understood that, the common design for all applicable CA scenarios can be applied at high-level, i.e. NW triggered on-demand SSB SCell operation. But for details, depends on the CA scenarios to be considered, the purpose of applying the on-demand SSB transmission can be different for different CA scenarios, where it may lead to different signaling and procedure with respect to the on-demand SCell operation.
Observation 11: Any change to SSB structure impacts the existing SSB implementation both at network and UE side.
Proposal 11: RAN1 to confirm that the on-demand SSB solutions will not impact the SSB structure. 
Proposal 12: Option 2 and 3 are supported for further detailed discussions. Moreover, the value of Instance A and N can be configurable in the SCell configuration message or SCell activation command to UE. The Instance B can also be configurable or implicitly derived based on transmission/reception of corresponding UE measurement report.
Observation 12: Option 4 is intended for Case-2 with always-ON periodic SSB transmission in SCell, where the NW triggers on-demand denser SSB transmission with shorter SSB periodicity from time instance A, i.e. when NW sends SCell activation command, and later NW starts sending SSB with longer periodicity after time instance B, i.e. when NW has received UE measurement report.
Proposal 13: Option-4 can be jointly considered or merged with the agreement from AI 9.5.3 about adaptation of SSB burst periodicity in time-domain. 
Proposal 14: Option 1 and Option 1A can be applicable to some scenarios and to be considered for further discussion.
Proposal 15: On-demand SSB can be non-cell-defining SSB. However, for Case-2, RAN1 to clarify whether on-demand SSB can be cell-defining SSB.
Observation 13: The parameter configuration and signaling enhancements of on-demand SSB may depend on the scenarios and the selected SSB burst transmissions options.
Proposal 16: Configuration details of on-demand SSB should be discussed after the scenarios and SSB burst transmission options are clarified.
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