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1. Introduction

    Along with the previous study in Rel-18, network energy saving is investigated via reducing constantly transmitted common signaling in time domain. One of the options being studied is on-demand SSB. Since SSB-less operation has been available for several releases, the scope is restricted to SCell for connected mode UE to avoid significant on the existing operation as has been agreed as part of Rel-19 WI [1]:

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 RAN1#116, RAN1 discuss the issues related to on-demand SSB and reaches the following agreements [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

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
In RAN1#116 bis, RAN1 discuss the issues related to on-demand SSB and reaches the following agreements [3]:
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
In this contribution, we discuss issue related to on-demand SSB and provide our view accordingly. Note that this document is a revision of R1-2402819.
2. Discussion 
Currently, SSB-less operation on one serving cell is supported by leveraging SSB on another serving cell. That is, time/frequency synchronization as well measurement from one serving cell is available and directly assumed to be applicable for another serving cell. When it comes to on-demand SSB, there could be several scenarios where on-demand SSB is applicable. For example, a first scenario could be a turn-off SCell where synchronization/measurement of SSB on another serving cell is not applicable, e.g. due to non-collocation.  Under this scenario, the on-demand SSB is only provided on the SCell when the SCell turns on, since UE could not rely on SSB on another serving cell, e.g. PCell, to function properly on the SCell. On the other hand, there could be another scenario that a turn-on SCell needs to support on-demand SSB. For example, under the case that time/frequency synchronization as well measurement from one serving cell could mostly be reused for an SCell while may not be sufficiently accurate, the SCell may from time to time provide its own SSB upon request instead of constantly providing it.  Under this case, UE is at a better position to justify whether on-demand SSB is required. 
Observation 1: On-demand SSB is beneficial for the scenarios for turn-off SCell and SSB-less SCell. 

Proposal 1: On-demand SSB is supported for turn-off SCell and SSB-less SCell.

Proposal 2: On-demand SSB is provided when SCell turns on for turn-off SCell. On-demand SSB is provided upon request from a UE for SSB-less SCell.

As discussed in RAN1#116bis, when on-demand SSB is triggered at gNB side, gNB needs to send an indication to inform UE presence of on-demand SSB, so that UE could perform corresponding actions, e.g. measurement or rate-matching, properly. Given the triggering, such as SCell activation,  could occur from time to time from a cell-wide perspective, it would be more efficient to allow the indication being sent in a broadcast or group common fashion, so as to also ensure all UEs have a same understanding regarding presence of on-demand SSB or not. To achieve this, DCI is a more suitable candidate comparing with RRC/MAC CE options currently on the table. Therefore, RAN1 would need further considering using DCI as indication to inform UE presence of on-demand SSB. 

Proposal 3: RAN1 further consider to use DCI as a candidate for On-demand SSB transmission indication.
Regarding the triggering method for on-demand SSB, it would be beneficial to support a single triggering method for turn-off SCell and SSB-less SCell. As mentioned above, since on-demand is used to increase accuracy of synchronization and measurement for SSB-less SCell, UE is in a better position to judge whether to request on-demand SSB. In other words, uplink wake up signaling is a better choice to fulfil both scenarios. Also, for the case of turn-off SCell, the UE might not have proper time/frequency synchronization in the DL direction and may not be able to properly perform uplink transmission on the turn-off SCell. Therefore, the uplink wake up signal would need to be transmitted on another serving cell, e.g. a nature choice could be PCell. 
Observation 2: To support a unified triggering method for on-demand SSB, uplink wake up signal from UE is used to trigger on-demand SSB.

Proposal 4: On-demand SSB on SCell is triggered by uplink wake up signal on PCell from UE.
3. Conclusion

In this contribution, we discuss issues related to on-demand SSB for SCell and have the following observations/proposals:
Observation 1: On-demand SSB is beneficial for the scenarios for turn-off SCell and SSB-less SCell. 

Proposal 1: On-demand SSB is supported for turn-off SCell and SSB-less SCell.

Proposal 2: On-demand SSB is provided when SCell turns on for turn-off SCell. On-demand SSB is provided upon request from a UE for SSB-less SCell.

Proposal 3: RAN1 further consider to use DCI as a candidate for On-demand SSB transmission indication.
Observation 2: To support a unified triggering method for on-demand SSB, uplink wake up signal from UE is used to trigger on-demand SSB.

Proposal 4: On-demand SSB on SCell is triggered by uplink wake up signal on PCell from UE. 
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