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Introduction
In RAN#102, a new work item “Enhancements of network energy savings for NR” was agreed [1]. The one objective of the work item is the following:
	1. [bookmark: OLE_LINK1]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]
· [bookmark: OLE_LINK12]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 analyse RAN3 impact and high-level solution based on RAN1 progress.
Discussion
[bookmark: OLE_LINK29][bookmark: OLE_LINK19]2.1 RAN1 progress
[bookmark: _Hlk162514378]In RAN1#116, RAN1 has discussed 3 triggering methods of on-demand SSB:
· Method 1: UE uplink wake-up-signal using an existing signal/channel
· Method 2: Cell on/off indication via backhaul
· Method 3: SCell activation/deactivation signaling
The 2nd and 3rd methods can be categorized into NW-triggered on-demand SSB operation. Many companies have not been convinced yet whether to support UE-triggered on-demand SSB operation. In high level, NW-triggered on-demand SSB operation is adopted, how to design NW triggering message and when to transmit message is FFS. And it was agreed:
	- RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.
- 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
- 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 



Observation 1: NW-triggered on-demand SSB operation has been agreed by RAN1 for network energy saving. UE-triggered on-demand SSB needs to be further discussed in RAN1.
Observation 2: Two Scenarios of NW triggering message for on-demand SSB is transmitted to UE before or after receiving SCell activation command.
Observation 3: Two cases of on-demand SSB Scell include: 1) no SSB transmission, 2) SSB transmission with long periodicity.
2.2 on-demand SSB operation
Method 1: UE uplink wake-up-signal using an existing signal/channel
Compared to network based on-demand SSB triggering, the on-demand SSB based on UE triggering leads to has some issues, e.g., Higher energy consumption due to monitoring the uplink WUS transmissions from UEs for NG-RAN node. And higher power consumption and complexity due to uplink WUS transmission. Also, the motivation to triggered on-demand SSB by UE is not clear now, further discussion in RAN3 is pending on RAN1 progress.
Observation 4: The motivation of the solution of On-demand SSB triggered by UE is not clear, further discussion in RAN3 is pending on RAN1 progress.
According to progress in RAN1, we analyze RAN3 impact based on NW-triggered on-demand SSB operation. The method 2 and method 3 can work together. For example, NG-RAN node determines to trigger on-demand SSB transmission based on request/indication by the neighbor NG-RAN node and transmits NW triggering message to UE.
[bookmark: _Hlk162530011]Method 2: On-demand SSB triggered by NW triggered message 
If NG-RAN node determines to trigger on-demand SSB transmission, NG-RAN transmits NW trigged message to UE. In case of CU-DU split case, RAN3 discusses which node decides to trigger on-demand SSB. One straight forward, CU determines which cell needs to trigger on-demand SSB transmission and transmits a command to DU to transmit SSB, e.g., indicating on/off the SSB transmission, or indicating to switch to long or short SSB transmission period to DU, accordingly DU transmits the triggered message to UE and transmits SSB based on the command. 
Method 3: On-demand SSB triggered by indication via backhaul
NG-RAN node determines to trigger on-demand SSB transmission based on request/indication by the neighbor NG-RAN node.
Current if NG-RAN node switches off a cell and it transmits a Deactivation Indication to indicate that the concerned cell is switched off for energy saving to the neighbour NG-RAN node by means of the NG-RAN node Configuration Update procedure. The neighbour NG-RAN requests a re-activation of the cell if capacity needs via the Cell Activation procedure. In addition, Current if NG-RAN node deactivates a set of beams of a cell and it transmits inactive status for a set of SSB beams in the NG-RAN NODE CONFIGURATION UPDATE message to the neighbour NG-RAN node by means of the NG-RAN node Configuration Update procedure. The neighbour NG-RAN requests a re-activation for a set of beams of the cell if needed via the Cell Activation procedure.
A straightforward for the high-level solution from RAN3 point of view is reusing NG-RAN node Configuration Update procedure and Cell Activation procedure to implement the on-demand SSB operation between NG-RAN nodes. As specified in WID, on-demand SSB transmission is targeted to the Scell in CA case,  if the cell of on-demand SSB is only used as Scell, it is not clear whether the on demand SSB operation needs to be triggered by neighbour NG-RAN node. Therefore, RAN3 needs to discuss whether the on-demand SSB transmission can be triggered by neighbour NG-RAN node. And if needed, further in case of CU-DU split, gNB-DU Configuration Update procedure and gNB-CU Configuration Update procedure may be reused for the on-demand SSB operation.
Proposal 1: CU determines to trigger on-demand SSB, e.g., on/off the SSB transmission, or switch to long or short SSB transmission period, transmits a command to DU, accordingly DU transmits the triggered message to UE and transmits SSB based on the command. 
Proposal 2: RAN3 discuss whether on-demand SSB of Scell in CA can be triggered by neighbor NG-RAN node. 
Conclusion
In summary, we have following observations and proposals for on-demand SSB for SCell in carrier aggregation:
Observation 1: NW-triggered on-demand SSB operation has been agreed by RAN1 for network energy saving. UE-triggered on-demand SSB needs to be further discussed in RAN1.
Observation 2: Two Scenarios of NW triggering message for on-demand SSB is transmitted to UE before of after receiving SCell activation command.
Observation 3: Two cases of on-demand SSB Scell include: 1) no SSB transmission, 2) SSB transmission with long periodicity.
Proposal 1: CU determines to trigger on-demand SSB, e.g., on/off the SSB transmission, or switch to long or short SSB transmission period, transmits a command to DU, accordingly DU transmits the triggered message to UE and transmits SSB based on the command. 
Proposal 2: RAN3 discuss whether on-demand SSB of Scell in CA can be triggered by neighbor NG-RAN node. 
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