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 Introduction
In WID [1], the objective related to on-demand SSB SCell operation is as follows:

	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.



 This contribution discusses objective 1 to operate on-demand SSB SCell operation.
 Discussions 
 The objective 1 of the WI is limited to connected mode UE for SCell. There could be some use cases and scenarios for on-demand SSB operation for network energy saving as shown below. We propose to consider the following use cases for designing on-demand SSB for efficient discussions.
· For SCell activation/deactivation
· An SCell has been turned off and the network wants to add the SCell to the UE by means of CA for higher data rate or for load balancing. However, due to absence of SSB on the SCell, the network does not know signal quality of the SCell for the UE and thus the network would need to blindly activate SCell for the UE. If it turns out the signal quality is not good enough, the gNB would need to deactivate the SCell again, which unnecessarily results in inefficient operation and UE power consumption to read PDCCH on the activated SCell.
· The network can trigger to send SSB on the SCell so that UE can perform RRM measurement (comprising time/frequency synchronization and measurements). The network can understand the signal quality of the SCell once UE reports the measurement to the network. 
· For Handover to the CC which was SCell
· Similar to SCell activation/deactivation case above, the network might want to handover the UE to the SCell (will be PCell after HO) for load balancing purpose, e.g, if PCell is fully loaded, for example. Since there is no SSB for RRM measurement, the network would need to give HO command message to UE blindly without measurement information. This would unnecessarily cause Ping-Pong effect and UE power consumption to read PDCCH on the SCell (or new PCell) if the SCell quality is not good enough.
· This scenario is not only for serving SCell but for all neighbor cells in the SCell frequency.
· For SSB-less operation
· SSB-less operation has been introduced for co-located CA scenarios (intra-band contiguous, intra-band non-contiguous, inter-band CA) until Rel-18. Since there is no SSB on the SCell, time/frequency synchronization is based on co-located PCell or another collocated SCell, and L3 RRM measurement needs to be based on CSI-RS based RRM measurement on the SCell. TRS should be transmitted on the SCell for fine time/frequency synchronization. SSB-less operation on SCell for non-collocated scenario would require SSB for initial acquisition of time/frequecy synchronization which cannot be served by TRS or CSI-RS.
· In addition, L3 CSI-RS based RRM measurement has not been so successful in the market, one way is to refer the RRM measurement from co-located PCell or another SCell being discussed in RAN4. The on-demand SSB transmission for SSB-less operation can help to resolve the problem to make SSB-less scenario work out.
· On-demand SSB transmissions from CCs on the same frequency as from all SCells around
· The SCell is in UE perspective. However, there could be multiple gNBs having the CCs on the same frequency as the SCell (i.e. neighbor cell). The network can configure SCell for the UE and once on-demand SSB is triggerred, the UE should be able to measure not only the serving SCell but also the neighbor cell in the same frequency (neighbor cells also start to transmit SSB).
Proposal 1: The following scenarios are considered for further discussions on on-demand SSB.
· For SCell activation/deactivation
· For Handover to the CC which was SCell
· For SSB-less operation
· On-demand SSB transmissions from CCs on the same frequency as from all SCells around

Together with a mechanism of on-demand SSB activation, a mechanism of on-demand SSB deactivation is also necessary including application time of SSB activation/deactivation. Therefore, it is necessary to specify at least network triggering method for on-demand SSB activation/deactivation. UE based triggering for on-demand SSB can be also considered for better efficient operation as gNB only knows signal quality of the SCell frequency after receiving measurement results from UE. UE triggered method for on-demand SSB can allow UE to skip to report measurements and to be able to measure SCell frequency without sending report for the current activated cell(s) as well. Also, as the decision to transmit/stop SSB is finally up to gNB, gNB’s confirmation (triggering) should follow UE based triggering method. 
Proposal 2: Network based triggering method including application time of SSB activation/deactivation is specified for on-demand SSB operation. Once triggered, UE can perform RRM measurements for not only serving cell but also neighbor cells in the SCell frequency. Further discuss options among L1, L2, and L3 signaling.

Proposal 3: UE based triggering method can be considered for on-demand SSB operation. If introduced, the network confirmation (e.g. network based triggering) should follow UE based triggering signaling.

 In our view, it is not desirable to use SCell activation/deactivation signaling for the purpose of on-demand SSB operation. When an SCell is configured for UE, UE could perform time/frequency synchornization and L3 RRM measurement, but UE does not try to decode PDCCH. If SCell was blindly activated, UE should try to decode PDCCH on activated SCell unnecessarily by consuming power and then later it could turn out the SCell is not proper for activation. 
Proposal 4: The option of reusing SCell activation/deactivation signaling for on-demand SSB operation is precluded.

 In the following sections, some possible details are discussed for network and UE based triggering methods of on-demand SSB operation.

 Network based Triggering Method
 We think the current formulation in objective is somewhat misleading. It states “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)”. As discussed in [2], cell on/off indication via backhaul is already supported and this option offers slow and inefficient operations. Therefore, we think it is not a sufficient option considering the use cases discussed in the beginning of Section 2 in RAN perspective and we need a network based triggering method to indicate whether SSB is transmitted or not, rather than relying on backhaul signaling only.
  There could be three main categories for network based triggering method for on-demand SSB - L1 (PDCCH), L2 (MAC-CE), and L3 (RRC). We think the granularity of on-demand SSB activation/deactivation needs to be fully flexible – i.e. CC or CC group level. Once one or multiple CCs is(are) indicated to transmit/stop SSB for a UE, UE may interpret on-demand SSB activation/deactivation is applied for the SCell(s) (for serving cell measurement) or for the SCell frequency (for serving and neighboring cells). It is preferrable to reuse existing channel/procedure such as, e.g., RAR, MAC-CE based bitmap indication, or measurement object to name a few, which needs further study.
Proposal 5: The network based triggering method provides CC (or CC group) level granularity for on-demand SSB activation/deactivation.
 UE based Triggering Method
 UE based triggering method can provide further efficiency for UE to request on-demand SSB activation/deactivation rather than merely relying on network signaling as UE knows its circumstance better than network. When UE sends the triggering signaling, there needs network signaling whether the request is accepted by network (i.e. whether on-demand SSB is activated or not on the SCell frequency). The granularity of triggering can be further discussed (e.g. CC level, group of CCs, etc.). It is preferrable to reuse existing signal/channel/mechanism for minimizing spec impact such as, e.g., using PRACH, SR on PUCCH, or SRS. If PRACH is used for UE based triggering method, random access procedure up to Msg2 can be reinterpreted to achieve UE based triggering method followed by network confirmation to turn on/off SSB on the SCell frequency. It is not preferrable to reuse event A2 reporting or modified event A2 reporting since UE needs to report serving cell measurement mostly periodically which could cause UE power consumption before measuring on-demand SSB on SCell.

Proposal 6: If UE based triggering method is introduced, existing channel/signal and procedure are benchmarked. The granularity of UE triggering method is further discussed (e.g. CC level, group of CCs).

Conclusions 
 In this contribution, we discussed the methods to trigger on-demand SSB activation/deactivation. Our proposals are summarized below.

Proposal 1: The following scenarios are considered for further discussions on on-demand SSB.
· For SCell activation/deactivation
· For Handover to the CC which was SCell
· For SSB-less operation
· On-demand SSB transmissions from CCs on the same frequency as from all SCells around

Proposal 2: Network based triggering method including application time of SSB activation/deactivation is specified for on-demand SSB operation. Once triggered, UE can perform RRM measurements for not only serving cell but also neighbor cells in the SCell frequency. Further discuss options among L1, L2, and L3 signaling.

Proposal 3: UE based triggering method can be considered for on-demand SSB operation. If introduced, the network confirmation (e.g. network based triggering) should follow UE based triggering signaling.

Proposal 4: The option of using SCell activation/deactivation for on-demand SSB operation is precluded.

Proposal 5: The network based triggering method provides CC level granularity for on-demand SSB activation/deactivation.

Proposal 6: If UE based triggering method is introduced, existing channel/signal and procedure are benchmarked. The granularity of UE triggering method is further discussed (e.g. CC level, group of CCs).
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