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Introduction
[bookmark: OLE_LINK641][bookmark: OLE_LINK642][bookmark: OLE_LINK643]Rel-19 NES WI has been approved in RAN#102 [1]. As an on-demand SSB SCell operation is the one of the objectives of Rel-19 NES and RAN1 has reached several agreements [2], listed in Annex.
The WID describes the following objective on on-demand SSB 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)
· [bookmark: _Hlk161762789]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 would like to discuss and provide our views on the on-demand SSB SCell operation from RAN2 perspective.
[bookmark: OLE_LINK626][bookmark: OLE_LINK627][bookmark: OLE_LINK301][bookmark: OLE_LINK302]Discussion
On-demand SSB SCell
To reduce network energy consumption, on-demand SSB SCell should not be used as a normal cell. We assume the SCell is activated to handle user burst traffics in connected mode, and when the NW is expected the traffic is low, the NW should stop on-demand SSB transmissions and deactivate/release the SCell. Given the above use-case, on-demand SSB SCell should not be used as a PCell. Otherwise, the UEs may camp on this cell during on-demand SSB transmission periods and consequently the UE suddenly loses DL synchronisations due to stopping of on-demand SSB. It would case some waste in the idle/inactive UE behaviours. 
In addition, if always-on SSB is transmitted in the cell and it is allowed to use as a PCell for the UEs in idle/inactive mode, it should be discussed under the on-demand SIB1 scenario.
Observation 1:	Even if the UE can receive SSB in the cell (always-on SSB or on-demand SSB), the cell should not be allowed to access from idle/inactive mode UEs as a PCell.

Therefore, for on-demand SSB SCell, some barring mechanism for idle/inactive UEs is used. In our understanding, because the UE in idle/inactive mode behaviours are the same, the Rel-19 NES UEs also should not camp on the on-demand SCell as well as legacy UEs. Thus, an existing barring mechanism (e.g., MIB barring) can work for this purpose.
Proposal 1:	An existing mechanism (e.g., MIB barring) indicates the on-demand SSB SCell is not used as a PCell for idle/inactive mode UEs.

Views on identified scenarios and cases in RAN1
In the last meeting, RAN1 agreed to support at least the following scenarios #2 and #2A for on-demand SSB SCell but it is still FFS whether scenarios #3A and #3B are supported or not.
· 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 #2A:
· When UE receives SCell activation command (e.g., as defined in TS 38.321)
· Scenario #3A:
· After UE receives SCell activation command (e.g., as defined in TS 38.321) until SCell activation is complete
· Scenario #3B:
· When SCell activation is completed and SCell is activated or After SCell activation is completed and SCell is activated

In addition, RAN1 will consider both cases #1 and #2 for the above scenarios, respectively.
· Case #1: No always-on SSB on the cell
· Case #2: Always-on SSB is periodically transmitted on the cell

Figure 1 shows an example of on-demand SSB (OD-SSB) procedure indicating OD-SSB transmission, corresponding SCell states and messages on the above scenarios.
[image: ]
Figure 1: Example of OD-SSB procedure
Scenario 2:
· Step1: the NW configures the SCell with on-demand SSB operation, but OD-SSB is not transmitted.
· Case #1: the NW preliminarily configures the SCell due to no measured results on the cell.
· Case #2: the NW can use measured and reported always-on SSB measurement results by the UE to determine SCell for addition.
· Step2: the NW starts OD-SSB transmission for SCell activation.
· Case #1: the UE adjusts the time/frequency synchronization by the OD-SSB and measures the cell quality. The reported measurement results may be used in the NW to determine which SCell should be activated.
· Case #2: the UE can use the OD-SSB for finer synchronization adjustment or measurement results.

Scenario 2A:
· Step3: the NW may transmit OD-SSB for fast SCell activation.
· Cases #1/#2: the UE adjusts the frequency/time synchronization by the OD-SSB (which is shorter periodicity than OD-SSB in Step2 and always-on SSB).

Scenario 3A:
· Step4: if the fast SCell activation in Scenario #2A is not required, OD-SSB in Step3 is not transmitted. In this case, the NW transmits OD-SSB based on the SCell configuration in Step1 for time/frequency synchronization adjustment.
· Case #1: the UE needs to adjust the time/frequency synchronization by the OD-SSB before the SCell activation.
· Case #2: OD-SSB may not be needed because there is always-on SSB on SCell, but it may be useful to transmit OD-SSB with shorter SSB periodicity to avoid long delay of SCell activation.
· Step5: the UE indicates the SCell activation MAC-CE is successfully received and SCell is activated to the NW.
· The NW may start DL(/UL) scheduling after L1 ACK reception.

Scenario 3B:
· Step6: the NW transmits OD-SSB transmission for time/frequency synchronization tracking, RRM measurements for SCell release or deactivation.
· Case #1: the UE can use the OD-SSB for synchronization adjustment or RRM measurements.
· Case #2: OD-SSB may not be needed because there is always-on SSB on SCell, but it may be useful to transmit OD-SSB with shorter SSB periodicity to be aware of SCell degradation quality or re-synchronization.

Table.1 shows a summary of potential issues on each step in Figure 1.

Table.1 - Summary of on-demand SSB scenarios and RAN2 issues
	Scenario
	
	Potential issues (RAN2 issues are highlighted in yellow)

	Scenario #2
	Step1
	· How to indicate the UE that the configured SCell is on-demand SSB SCell.
· In the case1, how the NW selects and configures a proper SCell without measured results.

	
	Step2
	· Whether the OD-SSB transmissions are triggered by RRC SCell addition or not (separate indication).
· Whether/how the NW informs a duration of OD-SSB operation for the served UE in the cell.
· Whether UE-triggered mechanism can be supported for the OD-SSB transmission.
· Whether the OD-SSB on the cell is limited to NCD SSB.
· How to configure OD-SSB resources, especially in the case #1, or the case #2 with NCD always-on SSB because NCD SSB has the same properties of CD SSB other than time/frequency resources.
· How to obtain L1/L3 measurement results by OD-SSB.

	Scenario #2A
	Step3
	· Whether the OD-SSB transmissions are triggered by SCell activation MAC CE or not (separate indication).
· Whether the SCell is activated by RRC (as a part of Step1).
· Whether the legacy SCell activation MAC CE is reused.
· Whether the OD-SSB on the cell is limited to NCD SSB.

	Scenario #3A
	Step4
	· Whether to support the scenario #3A.
· Whether the OD-SSB transmissions are triggered by separate indication
· Whether the OD-SSB on the cell is limited to NCD SSB.
· How to obtain L1/L3 measurement results by OD-SSB.

	
	Step5
	· This Step5 may be omitted when the SCell is activated by RRC.

	Scenario #3B
	Step6
	· Whether to support the scenario #3B.
· Whether the OD-SSB transmissions are triggered by separate indication
· Whether UE-triggered mechanism can be supported for the OD-SSB transmission.
· Whether the OD-SSB on the cell is limited to NCD SSB.
· How to obtain L1/L3 measurement results by OD-SSB.



Some issues like on-demand SSB triggering method/signalling depend on RAN1 progress. In other words, UE identification of on-demand SSB SCell, on-demand SSB configurations and L1/L3 measurements can be discussed in RAN2 first.
Proposal 2: 	RAN2 first to focus on UE identification of on-demand SSB SCell, on-demand SSB configurations and L1/L3 measurements.

Issues on Scenario #2
UE identification of on-demand SSB SCell:
From RAN1 agreements, the SCell with on-demand SSB transmission would have different SSB transmission mode from the legacy SCell, i.e., the SCell with on-demand SSB transmission may have no SSB transmission or have the always-on SSB transmission (e.g., with a long periodicity than usual) before the on-demand SSB transmission. In order for the UE not to measure the SCell with no always-on SSB to save the UE’s power, or for the UE to measure the SCell with always-on SSB with the relaxed measurement requirements, the UE may need to know which SCell is the SCell with on-demand SSB. Therefore, it is proposed that the gNB should indicate to the UE if the configured SCell is an SCell with on-demand SSB. 
Proposal 3: 	The gNB indicates to the UE if the configured SCell is an SCell with on-demand SSB transmission.

As described in the WID, for the trigger of the on-demand SSB, RAN WGs would select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul and SCell activation/deactivation signalling. In RAN1#116, it is agreed to support on-demand SSB SCell operation triggered by the gNB and the details of associated signalling/indication/configuration provided to the UE is FFS. 
In case that a cell has been configured as the SCell and has been transmitting on-demand SSB for UE1, if the cell is later configured as the SCell for UE2, then UE2 can direct use the on-demand SSB to perform DL synchronization and measurements. In this case, UE2 can be informed that the SCell with on-demand SSB is currently transmitting the on-demand SSB. 
Proposal 4:	The gNB indicates to the UE if the configured SCell is transmitting the on-demand SSB.

Since not all of the Rel-19 UEs may support the on-demand SSB SCell operation, a UE capability is proposed to be introduced to indicate whether the UE supports the on-demand SSB SCell operation. 
Proposal 5:	The UE indicates whether it supports the on-demand SSB SCell operation.

On-demand SSB configurations:
As agreed in RAN1#116-bis, it is up to gNB implementation whether always-on SSB on the cell is cell-defining SSB (CD SSB) or non-cell-defining SSB (NCD SSB). It means the gNB can transmit always-on NCD SSBs in the cell. However, NCD SSB is used by the RedCap UE operation and has the same properties as the corresponding CD SSB as shown in TS38.331. 

nonCellDefiningSSB
If configured, the RedCap UE operating in this BWP uses this SSB for the purposes for which it would otherwise have used the CD-SSB of the serving cell (e.g. obtaining sync, measurements, RLM). Furthermore, other parts of the BWP configuration that refer to an SSB (e.g. the “SSB” configured in the QCL-Info IE; the “ssb-Index” configured in the RadioLinkMonitoringRS; CFRA-SSB-Resource; PRACH-ResourceDedicatedBFR) refer implicitily to this NCD-SSB.
The NCD-SSB has the same values for the properties (e.g., ssb-PositionsInBurst, PCI, ssb-PBCH-BlockPower) of the corresponding CD-SSB apart from the values of the properties configured in the NonCellDefiningSSB-r17 IE.

Observation 2:	Rel-17 NCD SSB configuration is configured for RedCap UE operation.

For the UE type restriction, the easiest way is to extend it to Rel-19 NES UE on top of the RedCap UE. However, RAN1 is discussing whether on-demand SSB is limited to NCD or not. Depending on the RAN1 conclusion, it would be some further RAN2 impacts on the current NCD SSB definitions in RRC due to the above relationship between CD and NCD SSB. Table.2 shows potential RAN2 impacts on the possible SSB type combination between always-on SSB and on-demand SSB.

Table.2 - Possible SSB type combination between always-on SSB and on-demand SSB 
	Combination no.
	Always-on SSB
	On-demand SSB
	Can NCD SSB use the same properties of corresponding CD SSB?

	1
	N/A
	CD
	-

	2
	
	NCD
	No

	3
	CD
	CD
	-

	4
	
	NCD
	Yes

	5
	NCD
	CD
	Maybe Yes 

	6
	
	NCD
	No



From the table.2, at least for the combinations 2 and 6, the on-demand SSB cannot refer the same properties of corresponding CD SSB, because there is no corresponding CD SSB in the cell. For the combination 5, it is not straightforward way, but it is possible that the on-demand SSB (CD-SSB) is used as a corresponding SSB. On the other hand, considering network energy saving efficiency, it might be problematic because the periodicity of NCD SSB shall not be less than the periodicity of the serving cell’s CD SSB.

Observation 3:	If the on-demand SSB is NCD SSB in Case #1 (no always-on SSB in the cell), the UE may not identify the NCD on-demand SSB properties.
Observation 4:	If both the always-on SSB and the on-demand SSB in the cell are NCD SSB, the UE may not identify the NCD on-demand SSB properties.

In order to resolve the issues, two options are considered.
· Option1: the NW doesn’t support the cases where there is no corresponding CD SSB in the cell.
· Option2: NCD SSB configuration will be enhanced to include all SSB properties.
If RAN1 agrees the on-demand SSB is limited to NCD SSB and existing NCD SSB configuration is reused, the always-on SSB may be limited to CD SSB only (combination 4). It seems contradiction with the previous RAN1 agreement “whether it is up to gNB implementation whether always-on SSB (if transmitted) on the cell is cell-defining SSB or not”. Option2 can support any combinations in Table.2 but specification impact is larger than Option1.
Proposal 6:	RAN2 should discuss and downselect the following options, if there is no corresponding CD SSB in the cell.
· [bookmark: _Hlk165392661]Option1: the NW doesn’t support the cases where there is no corresponding CD SSB in the cell.
· Option2: NCD SSB configuration will be enhanced to include all SSB properties.

L1/L3 measurements on on-demand SSB:
Regarding L1/L3 measurements, there are still many options in RAN1 about transmission pattern duration of on-demand SSB burst(s) (see in Annex). However, from the configuration aspects, the on-demand SSB transmission occasions are indicated by the NW in any case. Otherwise, the UE cannot measure the on-demand SSB correctly. 
[bookmark: _Hlk161951896]Thus, to measure the on-demand SSB, a periodicity of on-demand SSB in SCell should be configured to the UE for averaging measured results. It is cell specific information then RRC should be configured it. RAN2 considers other measurement configurations (e.g., information about time instance A/B) after RAN1 makes further progress on on-demand SSB transmission pattern. In addition, it is obvious to get precise measurement results, the UE should measure the associated SSB and filter the measured results only when on-demand SSB is transmitted.
Observation 5:	To obtain L1/L3 measurement results from on-demand SSB, on-demand SSB periodicity will be configured to the UE.
Proposal 7:	For L1/L3 measurements, RAN2 to wait for RAN1 progress on the on-demand SSB transmission pattern.
Proposal 8:	The UE should measure and filter the associated SSB only when the on-demand SSB is transmitted.

Issues on Scenario #2A
Scenario #2A with both case #1 and #2 are supported in RAN1 for the on-demand SSB SCell operation. In this scenario, the on-demand SSB transmission is generally used for the fast SCell activation. The SCell is activated by SCell activation/deactivation MAC CE, it is natural to reuse the existing MAC CE signalling to trigger the on-demand SSB in the SCell. Separate indication (RRC or DCI) doesn’t have to consider in this case. FFS enhanced or new MAC CE would be necessary for this purpose.
Proposal 9:	At SCell activation, RAN2 to confirm MAC CE can be used for triggering of on-demand SSB in the SCell.

Issues on Scenario #3A/#3B
RAN1 has not yet agreed to support scenario #3A/3B. If RAN1 agrees to support the on-demand SSB transmission after a reception of SCell activation command, potential use-cases and impacts on RAN2 are as follows:
· AGC and time/frequency synchronization:
· RAN2 should discuss when/how the UE monitor the on-demand SSB to maintain AGC and time/frequency synchronization for the activated SCell.
· L1/L3 measurements:
· Besides cell measurements, RAN2 should discuss BFD and measurement event evaluation on the on-demand SSB.
However, these issues will be clarified after these scenarios are supported in RAN1. Thus, for the time being, RAN2 should wait for further RAN1 progress.
Proposal 10:	RAN2 to wait for further RAN1 progress on the scenario after a reception of SCell activation command.

Conclusion
[bookmark: OLE_LINK3]In this contribution, we have some discussions about on-demand SSB SCell operations, and the following proposals are made:
General aspects:
Observation 1:	Even if the UE can receive SSB in the cell (always-on SSB or on-demand SSB), the cell should not be allowed to access from idle/inactive mode UEs as a PCell.
Proposal 1:	An existing mechanism (e.g., MIB barring) indicates the on-demand SSB SCell is not used as a PCell for idle/inactive mode UEs.
Proposal 2: 	RAN2 first to focus on UE identification of on-demand SSB SCell, on-demand SSB configurations and L1/L3 measurements.

UE identification of on-demand SSB SCell:
Proposal 3: 	The gNB indicates to the UE if the configured SCell is an SCell with on-demand SSB transmission.
Proposal 4:	The gNB indicates to the UE if the configured SCell is transmitting the on-demand SSB.
Proposal 5:	The UE indicates whether it supports the on-demand SSB SCell operation.

On-demand SSB configurations:
Observation 2:	Rel-17 NCD SSB configuration is configured for RedCap UE operation.
Observation 3:	If the on-demand SSB is NCD SSB in Case #1 (no always-on SSB in the cell), the UE may not identify the NCD on-demand SSB properties.
Observation 4:	If both the always-on SSB and the on-demand SSB in the cell are NCD SSB, the UE may not identify the NCD on-demand SSB properties.
Proposal 6:	RAN2 should discuss and downselect the following options, if there is no corresponding CD SSB in the cell.
· Option1: the NW doesn’t support the cases where there is no corresponding CD SSB in the cell.
· Option2: NCD SSB configuration will be enhanced to include all SSB properties.

L1/L3 measurements on on-demand SSB:
Observation 5:	To obtain L1/L3 measurement results from on-demand SSB, on-demand SSB periodicity will be configured to the UE.
Proposal 7:	For L1/L3 measurements, RAN2 to wait for RAN1 progress on the on-demand SSB transmission pattern.
Proposal 8:	The UE should measure and filter the associated SSB only when the on-demand SSB is transmitted.

Issues on Scenario #2A:
Proposal 9:	At SCell activation, RAN2 to confirm MAC CE can be used for triggering of on-demand SSB in the SCell.

Issues on Scenario #3A and #3B:
Proposal 10:	RAN2 to wait for further RAN1 progress on the scenario after a reception of SCell activation command.
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Annex -	RAN1 agreements on on-demand SSB SCell
<RAN1#116-bis>

Agreement
For the identified scenarios and cases (as per RAN1#116 agreement), on-demand SSB can be triggered by gNB at least for the following scenarios/cases:
· Scenario #2 and Case #1
· Scenario #2 and Case #2
· Scenario #2A and Case #1
· Scenario #2A and Case #2
· FFS: Scenario #3A and Case #1
· FFS: Scenario #3A and Case #2
· FFS: Scenario #3B and Case #1
· FFS: Scenario #3B and Case #2
· For Case #1, once on-demand SSB is triggered, its transmission is in a periodic manner.
· Note: This does not imply periodic on-demand SSB is transmitted indefinitely after triggered.
· Notes:
· Scenario #2A refers to
· “When UE receives SCell activation command (e.g., as defined in TS 38.321)”
· Scenario #3A refers to
· “After UE receives SCell activation command (e.g., as defined in TS 38.321) until SCell activation is completed”
· Scenario #3B refers to
· “When SCell activation is completed and SCell is activated” or
· “After SCell activation is completed and SCell is activated”
· For discussion purpose under AI 9.5.1, always-on SSB is SSB supported in Rel-18 specifications.
· Timing for on-demand SSB transmission (e.g. when the triggered SSB starts and ends) will be separately discussed.

Agreement
· For a cell supporting on-demand SSB SCell operation,
· Note: It is up to gNB implementation whether always-on SSB (if transmitted) on the cell is cell-defining SSB or not.
· For on-demand SSB on the cell, downselect between the following alternatives
· Alt-1: It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
· Alt-2: On-demand SSB is limited to non-cell-defining SSB.
· FFS: Further limitations to on-demand SSB 

Agreement
· For a cell supporting on-demand SSB SCell operation,
· L1 and/or L3 measurement based on on-demand SSB is supported for the cell.
· FFS further details on L1 and/or L3 measurement

Agreement
The following agreement from RAN1#116 is modified (in red)
· For SSB burst(s) triggeredindicated 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
For a cell supporting on-demand SSB SCell operation, further study the following options.
· Option 1: Separate signaling between legacy/existing signaling (e.g., RRC, MAC CE) providing SCell activation/deactivation and signaling providing On-demand SSB transmission indication.
· Option 2: A single signaling in which both SCell activation/deactivation and On-demand SSB transmission indication are provided.
· FFS: Details of the signaling
· Other options are not precluded.
· FFS: Details on On-demand SSB transmission indication


<RAN1#116>

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

[bookmark: _Hlk161764668]Agreement
· Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE
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