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Introduction
The WID for “Enhancements of network energy savings for NR” was approved at RAN #102, and further updated at RAN # 103 with the follows [1].
	The objectives of the work item are the following:
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 scenarios or use cases for on-demand SSB Scell operations and potential impact to specification work.
Discussion
Use cases for On-demand SSB
At RAN1 #116, the following aggreements were made on the following use cases and scenarios for further study [2].
	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
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



Furthermore, the following scenarios with Case #1 (without always-on SSB) and Case #2 (with always-on SSB) respectively were agreed at RAN1 #116-bis [3].
	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.





Figure 1: On-demand SSB Cases and Scenarios
Since on-demand SSB is transmitted in burst(s), a UE may start to monitor on-demand SSBs any time after the on-demand SSB has been activated, i.e. no need to align exactly with the starting point of on-demand SSB burst(s). Therefore, Scenario 2A (when UE receives SCell activation command) is not needed for both Case #1 (without always-on SSB) and Case #2 (with always-on SSB).
Overall, a UE may expect that on-demand SSB burst(s) is transmitted in Scenarios 2 (before receiving Scell activation command), Scenario 3A (after receiving Scell activation command till Scell activation is completed), or Scenario 3B (when/after SCell activation is completed and SCell is activated) for Case #1 and at least Scenario 3A for Case #2 as illustrated in Figure 1.
Observation 1: For on-demand SSB, a UE expects that on-demand SSB is transmitted as the follows. 
· Case #1: at least in Scenarios 2 (i.e., before the UE receives SCell activation command) and/or Scenario 3 (After UE receives SCell activation command)
· Case #2: at least in Scenario 3A (after receiving Scell activation command till Scell activation is completed) for Case 2.

For on-demand SSB(s), a UE needs to know the configuration of on-demand SSB burst(s). For example, a Pcell can provide the configuration of on-demand SSB burst in RRC message (e.g., RRC providing Scell configuration with on-demand SSB). The configuration may include at least the following information for a Scell supporting on-demand SSB operation:
· Frequency where the on-demand SSB is transmitted (e.g., ARFCN)
· The SCS of on-demand SSB if the band supports multiple SCSs for SSB
· Periodicity of the on-demand SSB burst
· A bitmap of the actually transmitted on-demand SSBs

Observation 2: The configuration of on-demand SSB transmission may be provided in RRC configuration. The configuration may include at least the following information for a Scell supporting on-demand SSB operation:
· Frequency where the on-demand SSB is transmitted (e.g., ARFCN)
· The SCS of on-demand SSB if the band supports multiple SCSs for SSB
· Periodicity of the on-demand SSB burst
· A bitmap of the actually transmitted on-demand SSBs.

Proposal 1: RAN2 starts to discuss how to support gNB’s indication of on-demand SSB configuration after RAN1 concludes all scenarios for both Case #1 and Case #2.

Triggering for On-demand SSB
On-demand SSB is transmitted when it is triggered, e.g., for SCell time/frequency synchronization, L1/L3 measurements, SCell selection or activation, etc. 
There are two options for triggering on-demand SSB transmissions: triggered by the network or triggered by a UE.
At RAN1#116, the option of network triggering was agreed [2]. 
	Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE



Additionally, the following options were agreed at RAN1 #116-bis [3] for on-demand SSB signaling.
	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



If adapting on-demand SSB configuration (e.g., SSB burst periodicity and/or bitmap of transmitted SSBs) is necessary as shown in Figure 2, a signaling for such adaptation is needed. For example, a new MAC-CE for joint Scell activation and on-demand SSB configuration indication (i.e., Option 2).



Figure 2: Adapting on-demand SSB transmission configuration
Observation 3: If adapting on-demand SSB configuration (e.g., SSB burst periodicity and/or bitmap of transmitted SSBs) is supported, a new signal may be introduced for joint Scell activation and OD-SSB configuration indication.

Proposal 2: RAN2 may discusses the pros and cons of Option 1 and Option 2 to support the triggering indication for on-demand SSB. 
Conclusion
[bookmark: _Hlk92772570]In this contribution, we discussed scenarios or use cases for on-demand SSB Scell operations and potential impact to specification work and concluded with the following observations and proposals.
Use cases for On-demand SSB
Observation 1: For on-demand SSB, a UE expects that on-demand SSB is transmitted as the follows. 
· Case #1: at least in Scenarios 2 (i.e., before the UE receives SCell activation command) and/or Scenario 3 (After UE receives SCell activation command)
· Case #2: at least in Scenario 3A (after receiving Scell activation command till Scell activation is completed) for Case 2.
Observation 2: The configuration of on-demand SSB transmission may be provided in RRC configuration. The configuration may include at least the following information for a Scell supporting on-demand SSB operation:
· Frequency where the on-demand SSB is transmitted (e.g., ARFCN)
· The SCS of on-demand SSB if the band supports multiple SCSs for SSB
· Periodicity of the on-demand SSB burst
· A bitmap of the actually transmitted on-demand SSBs.
Proposal 1: RAN2 starts to discuss how to support gNB’s indication of on-demand SSB configuration after RAN1 concludes all scenarios for both Case #1 and Case #2.
Triggering for On-demand SSB
Observation 3: If adapting on-demand SSB configuration (e.g., SSB burst periodicity and/or bitmap of transmitted SSBs) is supported, a new signal may be introduced for joint Scell activation and OD-SSB configuration indication.
Proposal 2: RAN2 may discusses the pros and cons of Option 1 and Option 2 to support the triggering indication for on-demand SSB.  
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