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Introduction
In the RAN #116 meeting, the agreements listed in Appendix were achieved for on-demand SSB SCell operation [1]. 
In this contribution, we further share our views on the targeted scenarios and corresponding on-demand SSB SCell operation.
Discussion
Multi-cell scenarios
As mentioned in the WID, the on-demand SSB SCell operation is only confined within CA framework. Depending on the difference on intra-/inter-band CA and the co-location assumption of PCell and SCells, the system operation for network energy saving is different, which is briefly shown by Figure.1. In previous meeting, it was agreed that a common design should be pursued for applicable CA configurations.
	Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.



Also, as discussed in the previous meeting, the applicable CA configurations would include:
· Scenario #A: Intra-band CA with SSB-less SCell operation, which targets for co-located case, for example,
· usage of TRP #1 serving F1 and F2
· Scenario #B: Intra-band CA excluding the SSB-less SCell operation, which may target for both co-located and non-co-located case, for example,
· co-located case uses TRP #1 serving F1 and F2
· non-co-located case uses TRP #1 serving F1 and TRP #2 serving F3
· Scenario #C: Inter-band CA with SSB-less SCell operation, which targets for co-located case, for example,
· usage of TRP #1 serving F1 and F2
· Scenario #D: Inter-band CA excluding the SSB-less SCell operation, which may target for both co-located and non-co-located case, for example,
· co-located case uses TRP #1 serving F1 and F2
· non-co-located case uses TRP #1 serving F1 and TRP #2 serving F3



                                                Figure.1 An example of the deployment of CA using multiple TRPs
In Figure.1, F1 cell in red and F2 cell in green provide with same coverage. F3 cell in blue provides only partial coverage of F1 cell or F2 cell. When F1 cell is configured as PCell for a UE, the F2 and F3 can be configured with on-demand SSB SCell operation. The possible reasons to enable SSB on SCells is different between F2 Cell and F3 Cell depending on the scenarios.
· PCell and SCell with same coverage: Network may decide whether to switch SSB ON/OFF of F2 Cell based only DL/UL traffic status. As per traffic status, each UE's throughput and multiple UE's cell loads are taken into account at the network. As these traffic are already known at the network from BSR from UE or DL network buffer status, "on-demand" is not required from UE triggering but from system perspective. The UE mobility and cell coverage are not required to be considered in this scenario as F2 SCell coverage is same as the F1 PCell. The mobility related measurement of SSB only on F1 frequency may be sufficient. CSI related measurement of SSB may be required in F2 frequency. Alternatively, to use CSI-RS for the CSI related measurements in F2 may also be needed. Instead of cross-carrier scheduling from F1 PCell, if PDCCH is sent in F2 SCell, on-demand SSB or TRS is required for the PDCCH monitoring purpose.

· Scell is only part of PCell coverage: In addition to the reason to enable SSB ON of the same coverage of PCell and SCell, UE mobility aspect needs be considered as the coverage of PCell and SCell are different. UE may or may not be within F3 SCell coverage. To potentially use the F3, network needs to know whether UE is within F3 SCell coverage or not. One way is based on network implementation method like UE location is estimated from PCell or TRP #2 for F3 SCell has the receiver of SRS or PRACH in F1 frequency. The other way is on-demand SSB is sent in F3 SCell and UE measures them. If UE detects SSB of F3 SCell, UE reports the detection of F3 SCell. For such usage, SSB ON is required regardless of DL/UL traffic status. Note that, the final decision of SSB ON/OFF after UE report and whether F3 SCell is detectable is up to the network.

Table 1: summary of the difference for the factor to enable SSB ON/OFF
	
	PCell and SCell are same coverage
	SCell is only part of PCell coverage

	SSB ON/OFF based on the DL/UL traffic status
	- SSB ON/OFF based on each UE's throughput and multiple UE's cell loads
- If TRS is not used, SSB is required for following purpose.
- CSI measurement
- PDCCH for self-scheduling
- PDSCH/PUSCH
- SRS
	- SSB ON/OFF based on each UE's throughput and multiple UE's cell loads
- If TRS is not used, SSB is required for following purpose.
- CSI measurement
- PDCCH for self-scheduling
- PDSCH/PUSCH
- SRS

	SSB ON/OFF based on the UE mobility
	Not required to be considered
	- SSB ON is required regardless of traffic if UE measure the coverage of SCell.
- SSB ON is not required if UE existence of SCell is identified by network implementation.



Observation 1: PCell and SCell are assumed to be same coverage or not makes the difference on whether the cause of SSB ON/OFF is DL/UL traffic or UE mobility. 
Proposal 1: When PCell and SCell are assumed to be same coverage, traffic status is the only reason to enable SSB ON/OFF. "On-demand" is sufficient only from network perspective without UE triggering.
Proposal 2: When SCell is only part of PCell coverage, the mechanism for the detection of UE existence in SCell coverage may be required. Both traffic status and UE mobility are factors to consider for on-demand SSB triggering. In this case, "on-demand" may be from UE request but the final decision of SSB ON/OFF is network.
Proposal 3: All CA scenarios A, B, C and D, i.e., intra/inter-band with and without SSB-less SCell operation, including the same or different coverage of PCell and SCell, should be supported.
· On-demand SSB DL triggering signaling applies to all the CA configurations for Scenario A, B, C and D.
· UE request/report can be optionally supported for the cases that SCell is only part of PCell coverage.

Regarding the SSB-less operation in the Scenario #A and #C, an SCell can be configured with SSB-less operation for intra-band CA, and inter-band CA in FR1/collocated cells. For such SCell, a reference cell (PCell or SCells is not limited) is configured as the synchronization and measurement reference source. In our understanding, the Rel.19 on-demand SSB SCell can operate together with the Rel.18 SSB-less SCell operation for more aggressive energy saving gain. The procedures and signaling design should take this into account. For co-located case, especially for inter-band CA and intra-band non-contiguous CA, on-demand SSB would help to balance the NES gain and service quality when jointly operating with SSB-less SCell operation.
[bookmark: _Hlk163212792]Proposal 4: The signaling/procedure design for Rel.19 on-demand SSB SCell should consider the coexistence with the Rel.18 SSB-less SCell operation. 

Compatibility of the on-demand SSB SCell operation
In this section, we discuss the potential impact to the compatibility and coexistence with legacy UEs by introducing the on-demand SSB feature. Below two cases were identified in the previous meeting for such discussion:
	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 


As the usage of a serving cell frequency is up to network implementation, when an SCell frequency is configured to a Rel.19 UE as an SCell operating on-demand SSB, it may also be configured to a legacy UE not supporting such feature as a PCell or SCell.. Legacy always-on SSB could serve all the functions (cell identification, RRM measurement and t/f sync), while on-demand SSB can be used for t/f sync before traffic (e.g., for co-located case) or all the functions (both co-located and non-co-located case).
· For Case #1, if legacy UE is served in on-demand SSB SCell, the SSB ON/OFF for legacy UEs may be controlled by the MAC-CE based SCell activation/deactivation procedure. Or this SCell can be configured with SSB-less SCell operation. While for Rel.19 UEs, more efficient signaling and procedure is also worth to utilize. We see such deployments have energy saving and signaling overhead merits.
· For Case #2, the legacy SSB for either PCell or SCell should be always ON. 
· If the periodicity of the legacy SSB is short, we do not see the benefits for such usage and deployment of features, as the room for network energy saving is limited.
· If the periodicity of the legacy SSB is large enough but within 160ms periodicity, we see the potential energy saving gain for such deployment. This can be seen as backward compatible operation.
· For Case #2, when always-on SSB is with different periodicity from legacy SSB, it is also related to Obj#3 dealing with SSB adaptation in time domain.
Observation 2: When legacy UEs and Rel.19 UEs coexist in a serving cell, it is also possible to operate the on-demand SSB feature for energy saving gain. Whether/how such scenario should be considered would impact 
· The signaling/procedure design for on-demand SSB ON/OFF, and
· Whether to define the on-demand SSB as the only SSB in the cell or additional SSB besides the legacy SSB. We are also okay to discuss this in the 3rd objective of this WI.
Proposal 5: At least Case #1 (No always-on SSB on the cell) should be supported to maximize NES gain. When legacy UEs are served, SSB should be sent continuously. Additionally, whether the support of Case #2 (Always-on SSB is periodically transmitted on the cell) uses larger periodicity of SSB burst than 160 ms or not needs to be further clarified.

On “FFS: Whether always-on SSB and on-demand SSB are not cell-defining SSB if transmitted.”
· Whether on-demand SSB is cell-defining SSB depends on whether it is associated with RMSI, i.e., whether it contains the scheduling information of SIB1 and whether it locates in the synchronization raster for cell selection/reselection. As on-demand SSB is for SCell to transmit and new release UE to measure, it should be non-cell defining SSB in order not to be detected by legacy UEs. Compared with cell barring, the power consumption of the legacy UEs can be achieved.
Regarding always-on SSB, it needs further clarification whether it is just legacy SSB or newly configured SSB (for 9.5.3) of Rel.19. Thus, if it is legacy SSB, it follows how it is configured and can potentially be a cell-defining SSB. If it is part of the adaptive SSB in 9.5.3, it is not cell defining SSB.
Proposal 6: On-demand SSB is not cell-defining SSB. Always-on SSB can potentially be cell-defining SSB if it is configured as legacy cell-defining SSB.

On-demand SSB triggering and transmission timing
Regarding the on-demand SSB triggering and operation timing, below agreements were achieved.
	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



[image: A diagram of a sc cell activating process
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Figure.2 Brief illustration on SCell configuration and activation timing
In above scenarios, it is not clear on whether they are applicable for on-demand SSB triggering, transmission timing or both. As shown in the Figure.2, our understanding is:
· When on-demand SSB is used for L1/L3 measurement before traffic scheduling, triggering signaling can be in Phase 1 and on-demand SSB can be transmitted in Phase 1.
· When on-demand SSB is used for L1 measurement and time/frequency synchronization before traffic scheduling, triggering signaling can be within SCell activation signaling, or during Phase 2, and SSB transmission can be during Phase 2 and Phase 3.
Therefore, we have the below proposals:
Proposal 7: When on-demand SSB is used for L3/L1 measurement before SCell activation and traffic scheduling, at least scenario #2 should be supported for both triggering signaling and SSB transmission timing. 
Proposal 8: When on-demand SSB is for L1 measurement and t/f sync before traffic scheduling, scenario #3 should be supported. Triggering signaling can be same time and within SCell activation signaling, or after UE receives SCell activation signalling. SSB transmission can be after SCell activation signaling including after SCell activation is completed.


On-demand SSB transmission options
In the previous meeting, several options were identified for further study, as per below agreement.
	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)



Particularly on Option 4, whether the on-demand SSB after time instance B is assumed as part of always-on SSB or part of adaptive SSB in 9.5.3 is not clear to us. If in the context of 9.5.3, our interpretation is this on-demand SSB is configured with two different periodicities, as shown in Figure.3. If in the context of this agenda, it can be interpreted as always-on SSB in the Case 2 that Always-on SSB is periodically transmitted on the cell.

[image: ]Figure.3 An example of 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.

Different options may be applicable in different scenarios (inter/intra-band CA w/ and w/o SSB-less operation) and cases (case 1: No always-on SSB on the cell and case 2: Always-on SSB is periodically transmitted on the cell), depending on the functionalities of on-demand SSB, i.e., for measurement or traffic scheduling. Our views are summarized in Table.2.

Table.2 Applicable on-demand SSB transmission options in different scenarios and cases
	On-demand SSB options in different cases and scenarios
	Case 1 (No always-on SSB on the cell)
	Case 2 (Always-on SSB is periodically transmitted on the cell):

	Intra-band CA with SSB-less SCell operation
	· For measurement: Option 1/1A, when SSB of reference cell is not reliable or switched OFF
· For traffic scheduling: Option 2/3
· For both: Option 1/1A/4
	· Not applicable

	Intra-band CA excluding the SSB-less SCell operation
	· For measurement: Option 1/1A
· For traffic scheduling: Option 2/3
· For both: Option 1/1A/4
	· For measurement: No need to utilize the on-demand SSB.
· For traffic scheduling: Option 2/3
· For both: Option 4

	Inter-band CA with SSB-less SCell operation
	· For measurement: Option 1/1A, when SSB of reference cell is not reliable or switched OFF
· For traffic scheduling: Option 2/3
· For both: Option 1/1A/4
	· Not applicable

	Inter-band CA excluding the SSB-less SCell operation
	· For measurement: Option 1/1A
· For traffic scheduling: Option 2/3
· For both: Option 1/1A/4
	· For measurement: No need to utilize the on-demand SSB.
· For traffic scheduling: Option 2/3
· For both: Option 4



Proposal 9: The on-demand SSB option applicability in different scenarios and cases described in table 2 should be discussed and supported.

SSB transmission status indication signal
As per the discussion in all previous sections, our views in the SSB transmission status indication signal design are:
· For better NES gain of non-co-located case, L1 based signaling should be used for SSB transmission status indication signal for more dynamic operation. 
· Per serving cell-based SSB transmission status indication signal should be supported in the DCI design for on-demand SSB indication. To this end, DCI format 2_9-like structure can be considered, where each block for a serving cell can indicate one or both of activation/deactivation and SSB ON/OFF.
· Option 1 and 1A can be supported by the dynamic SSB ON/OFF indication.
· Option 2 and 3 can be supported with a RRC configured validity period after SSB is triggered. Between Option 2 and 3, we slightly prefer Option 2. As a during from time instance A to B can be more accommodating to the SSB bursts following either a fixed or configured SSB pattern or more dynamically scheduled SSB burst occasions, such details can be further studied.
· Option 4, as mentioned before, may belong to adaptive SSB in 9.5.3. For more unified frame design, SSB periodicity switching may also supported by this DCI.
Proposal 10: DCI based signaling should be supported for SCell SSB transmission status indication signal per serving cell. Validity period may be optionally configured for the on-demand SSB. Potential SSB periodicity switching may also be configured and supported by the DCI.
Conclusion
Based on the discussion, the following proposals are highlighted: 
Observation 1: PCell and SCell are assumed to be same coverage or not makes the difference on whether the cause of SSB ON/OFF is DL/UL traffic or UE mobility. 
Proposal 1: When PCell and SCell are assumed to be same coverage, traffic status is the only reason to enable SSB ON/OFF. "On-demand" is sufficient only from network perspective without UE triggering.
Proposal 2: When SCell is only part of PCell coverage, the mechanism for the detection of UE existence in SCell coverage may be required. Both traffic status and UE mobility are factors to consider for on-demand SSB triggering. In this case, "on-demand" may be from UE request but the final decision of SSB ON/OFF is network.
Proposal 3: All CA scenarios A, B, C and D, i.e., intra/inter-band with and without SSB-less SCell operation, including the same or different coverage of PCell and SCell, should be supported.
· On-demand SSB DL triggering signaling applies to all the CA configurations for Scenario A, B, C and D.
· UE request/report can be optionally supported for the cases that SCell is only part of PCell coverage.
Proposal 4: The signaling/procedure design for Rel.19 on-demand SSB SCell should consider the coexistence with the Rel.18 SSB-less SCell operation. 
Observation 2: When legacy UEs and Rel.19 UEs coexist in a serving cell, it is also possible to operate the on-demand SSB feature for energy saving gain. Whether/how such scenario should be considered would impact 
· The signaling/procedure design for on-demand SSB ON/OFF, and
· Whether to define the on-demand SSB as the only SSB in the cell or additional SSB besides the legacy SSB. We are also okay to discuss this in the 3rd objective of this WI.
Proposal 5: At least Case #1 (No always-on SSB on the cell) should be supported to maximize NES gain. When legacy UEs are served, SSB should be sent continuously. Additionally, whether the support of Case #2 (Always-on SSB is periodically transmitted on the cell) uses larger periodicity of SSB burst than 160 ms or not needs to be further clarified.
Proposal 6: On-demand SSB is not cell-defining SSB. Always-on SSB can potentially be cell-defining SSB if it is configured as legacy cell-defining SSB.
Proposal 7: When on-demand SSB is used for L3/L1 measurement before SCell activation and traffic scheduling, at least scenario #2 should be supported for both triggering signaling and SSB transmission timing. 
Proposal 8: When on-demand SSB is for L1 measurement and t/f sync before traffic scheduling, scenario #3 should be supported. Triggering signaling can be same time and within SCell activation signaling, or after UE receives SCell activation signalling. SSB transmission can be after SCell activation signaling including after SCell activation is completed.
Proposal 9: The on-demand SSB option applicability in different scenarios and cases described in table 2 should be discussed and supported.
Table.2 Applicable on-demand SSB transmission options in different scenarios and cases
	On-demand SSB options in different cases and scenarios
	Case 1 (No always-on SSB on the cell)
	Case 2 (Always-on SSB is periodically transmitted on the cell):

	Intra-band CA with SSB-less SCell operation
	· For measurement: Option 1/1A, when SSB of reference cell is not reliable or switched OFF
· For traffic scheduling: Option 2/3
· For both: Option 1/1A/4
	· Not applicable

	Intra-band CA excluding the SSB-less SCell operation
	· For measurement: Option 1/1A
· For traffic scheduling: Option 2/3
· For both: Option 1/1A/4
	· For measurement: No need to utilize the on-demand SSB.
· For traffic scheduling: Option 2/3
· For both: Option 4

	Inter-band CA with SSB-less SCell operation
	· For measurement: Option 1/1A, when SSB of reference cell is not reliable or switched OFF
· For traffic scheduling: Option 2/3
· For both: Option 1/1A/4
	· Not applicable

	Inter-band CA excluding the SSB-less SCell operation
	· For measurement: Option 1/1A
· For traffic scheduling: Option 2/3
· For both: Option 1/1A/4
	· For measurement: No need to utilize the on-demand SSB.
· For traffic scheduling: Option 2/3
· For both: Option 4



Proposal 10: DCI based signaling should be supported for SCell SSB transmission status indication signal per serving cell. Validity period may be optionally configured for the on-demand SSB. Potential SSB periodicity switching may also be configured and supported by the DCI.

Reference
[1] 3GPP RAN1 #116 Chairman’s notes

Appendix

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)
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