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1. Introduction
In the approved Rel-19 WID [1] there is the objective for on-demand SSB transmission on SCell:

	1. Specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.



In this contribution, we discuss support of on-demand SSB operation for UEs in Connected and provide our views.
2. Discussion
2.1	Progress in RAN1#116
This WI is led by RAN1. It is good to check the RAN1 progress in the last meeting, which is summarized as shown below [2]. From the high-level perspective, RAN1 is discussing two cases: Case #1 assuming no always-on SSB and Case #2 assuming always-on SSB with (relatively) longer periodicity than legacy. From expected signalling perspective, the Case #1 is anyway necessary as per the WID scope. It can be up to RAN1 whether to work on the Case #2 or not.
Observation 1: Case #1 “no always-on SSB on the SCell” can be prioritized from signalling design perspective.

For the target scenarios, RAN1 focuses on two scenarios at least and may select only one (or maybe both). Even though RAN1 is still discussing, this is also related to signalling design and thus RAN2 should also discuss the issue from higher layer perspective.
Observation 2: RAN2 should also discuss two possible scenarios (#2, #3) from higher layer perspective.

For the on-demand SSB triggering, RAN1 already agreed to support on-demand SSB SCell operation triggered by gNB. RAN2 can simply follow this RAN1 agreement.
Observation 3: RAN2 should assume the on-demand SSB transmission on SCell is triggered by gNB.

For the details of SSB burst(s) triggered by on-demand SSB operation, this is more tightly related to lower layer. In addition, this might require a corresponding requirement defined by RAN4. We assume RAN2 can wait for more progress in RAN1 and/or guidance from RAN4 on the requirement.
Observation 4: For details of SSB burst(s) design, RAN2 can wait for RAN1 progress or RAN4 requirement.

	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)




2.2	Possible use cases for on-demand SSB on SCell
Based on the RAN1 progress and the observations in 2.1, we consider RAN2 can firstly focus on the Case #1 and wait for RAN1 progress on the Case #2, if they want to support it as well. For the two scenarios on the table in RAN1, RAN2 should discuss both scenarios and gives observations from higher layer perspective. Hence, we suggest the following directions in the proposals and discuss each scenario below.
Proposal 1: RAN2 to assume that there is no always-on SSB on the SCell and on-demand SSB transmission for the SCell is triggered by the gNB.
Proposal 2: RAN2 to work on the two scenarios below:
· Scenario #2: SCell is configured to a UE but before the UE receives SCell activation command.
· Scenario #3: After UE receives SCell activation command.

Scenario #2: SCell is configured to a UE but before the UE receives SCell activation command.
In this scenario, the SCell is already configured to the UE. Considering the Note1 in the WID, there are some use cases for the gNB to trigger on-demand SSB transmission on the SCell.
	Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.


For example, one use case is to activate the SCell to achieve better throughput performance. This is especially useful for intra-band CA case, where a cell quality can be considered same or similar to the other serving cells (e.g. PCell). Another motivation is for the UE to measure the SSB and report the measurement results in order to decide whether or which configured SCell(s) is to be activated. This is useful for inter-band CA case, where a cell quality may not be known due to inter-band environment from other serving cell(s).
For other use case, e.g. SCell time/frequency synchronization, it can be left up to RAN1 and/or RAN4 discussions. We suggest starting from the earlier mentioned two use cases and may consider others, if necessary.
Proposal 3: RAN2 to discuss possible use cases in the scenario #2, including:
a. gNB to trigger on-demand SSB transmission to activate the SCell
b. gNB to trigger on-demand SSB transmission to request SSB-based measurements on the SCell to decide whether or which configured SCell(s) is to be activated.

We continue some discussions for each possible use case from expected delay perspective. For a, a delay component from on-demand SSB triggering is the SSB transmission/reception, SSB measurements and reporting of the measurement results. The main delay component is the SSB measurement reporting. The SSB measurement reporting in this case could be requested to ensure the SCell is ready to use. For b, the delay component is the SSB transmission/reception, SSB measurements reporting, and the SCell activation command MAC CE transmission/reception. The main delay component is still the SSB measurement reporting, as long as many number of HARQ retransmission is not necessary for the MAC CE. As this use case is more useful for inter-band CA, the SSB measurement reporting will take a few tens of ms or maybe more to ensure stable cell quality considerations. Based on this observation, there will be more delays for SCell activation in the use case b, while this is useful for inter-band CA case.
Proposal 4: RAN2 to assume more SCell activation delay is expected in use case b than that in use case a in the scenario #2.

Table 1. Expected delay for SCell activation in scenario #2
	Use case
	Delay components
	Notes

	a.
	· SSB transmission/reception,
· SSB measurement and reporting of measurement results
	· SSB measurement reporting is used for the network to confirm the SCell is ready to use.

	b. 
	· SSB transmission/reception,
· SSB measurement and reporting of measurement results,
· SCell activation command MAC CE transmission/reception
	· SSB measurement reporting would be main delay component especially for inter-band CA case



Scenario #3: After UE receives SCell activation command.
Firstly, for this scenario there is one FFS in RAN1 about the case where SCell activation is completed. As the details of SCell activation completion in this context would need RAN4 guidance, we assume this scenario at least include on-demand SSB transmission right after SCell activation command is sent from the gNB to the UE. One simple use case in this scenario would be that the gNB requests the UE to perform the measurement on the SSB, which may need SCell activation completion. From actual SCell activation delay perspective, this is similar to the use case a in the scenario #2.
Proposal 5: RAN2 to discuss possible use cases in the scenario #3, including gNB to trigger on-demand SSB transmission to request SSB-based measurements to complete SCell activation.

3. Conclusion
In this contribution we discussed the support of on-demand SSB operation for UEs in Connected and shared some observations related to the RAN1 progress in the last meeting. Then, we reached the following proposals.

Observation 1: Case #1 “no always-on SSB on the SCell” can be prioritized from signalling design perspective.
Observation 2: RAN2 should also discuss two possible scenarios (#2, #3) from higher layer perspective.
Observation 3: RAN2 should assume the on-demand SSB transmission on SCell is triggered by gNB.
Observation 4: For details of SSB burst(s) design, RAN2 can wait for RAN1 progress or RAN4 requirement.

Proposal 1: RAN2 to assume that there is no always-on SSB on the SCell and on-demand SSB transmission for the SCell is triggered by the gNB.
Proposal 2: RAN2 to work on the two scenarios below:
· Scenario #2: SCell is configured to a UE but before the UE receives SCell activation command.
· Scenario #3: After UE receives SCell activation command.

Proposal 3: RAN2 to discuss possible use cases in the scenario #2, including:
a. gNB to trigger on-demand SSB transmission to activate the SCell
b. gNB to trigger on-demand SSB transmission to request SSB-based measurements on the SCell to decide whether or which configured SCell(s) is to be activated.
Proposal 4: RAN2 to assume more SCell activation delay is expected in use case b than that in use case a in the scenario #2.

Proposal 5: RAN2 to discuss possible use cases in the scenario #3, including gNB to trigger on-demand SSB transmission to request SSB-based measurements to complete SCell activation.
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