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1 Introduction
The Rel-19 WID of Network Energy Savings (WID RP-240170) was agreed in RAN#102 [1], the WI objective on on-demand SSB SCell operation is copied below: 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 share our view on its RAN2 work.
2 Discussion 
In RAN1#116 [2], the following 3 aspects were discussed in RAN1:
1) Use cases of on-demand SSB for SCell
2) Transmission pattern of on-demand SSB (e.g., after the on-demand SSB was transmitted by the NW, whether the transmission can be stopped)  
3) Signaling to trigger on-demand SSB transmission
In the following subsections, we discuss their potential RAN2 impacts, respectively.
2.1 Use cases of on-demand SSB
RAN1#116 [2] made below agreement: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
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Figure.1 Illustration of 3 use cases of on-demand SSB on the table
Based on this RAN1 agreement, we understand below 3 use cases are still on the table for further down-selection, which are illustrated in Figure. 1. And their clarification can be found below: 
· Case 1: For triggering L3 measurement before SCell is activated between T0 and T1.
· It is corresponding to Scenario#2 in above agreement.
· Intention of introducing on-demand SSB is for the NW to determine which SCell(s) to activate.
· The NW triggers the UE to perform L3 measurements based on on-demand SSB towards SCell(s) which are configured but not activated. 
· Case 2: For SCell activation/deactivation between T1 and T2.
· It is corresponding to Scenario#3 in above agreement.
· Intention of introducing on-demand SSB is to provide the NW necessary L1/L3 measurement.
· As specified in TS 38.133 [3], T2 (i.e. when SCell is activated) is the time that the UE performs L1/L3 measurements and successfully report valid CSI to gNB.     
· Case 3: For SSB-less operation after SCell is activated after T2.
· It is corresponding to the case of “SCell for which activation is completed” in Scenario#3.
· The intention of introducing on-demand SSB is to allow the UE to perform L3 measurements and time / frequency tracking to maintain intra-band or inter-band SSB-less CA operation after OD-SSB transmission is terminated in T3.
· Please note that both intra-band SSB-less CA and inter-band SSB-less CA have restricted scenarios. Thus, this use case is intended to extend scenarios for SSB-less CA.
· Intra-band SSB-less CA: only support PCell and SCell co-located case.
· Inter-band SSB-less CA: only support PCell and SCell co-located in FR1 case.        
Observation 1: According to RAN1#116 agreement, below 3 use cases of on-demand SSB were identified for further down-selection:
· Case 1: For triggering L3 measurement before SCell is activated between T0 and T1.
· Case 2: For SCell activation/deactivation between T1 and T2.
· Case 3: For SSB-less operation after SCell is activated and OD-SSB transmission is terminated (i.e., L3 measurement and time/frequency tracking to maintain SSB-less CA).
Observation 2: For Case 3 (i.e., for SSB-less operation after SCell is activated), it is intended is to alleviate restricted scenarios of intra-band SSB-less CA of Rel-15 and inter-band SSB-less of Rel-18.
According to above analysis, we think how to down select these 3 use cases are in RAN1 / RAN4 expertise. One reasonable way is that RAN1 make conclusion with RAN4 input. Thus, we propose:
Proposal 1: RAN2 wait RAN1 to conclude down-selection of use cases of on-demand SSB.
2.2 On-demand SSB transmission pattern
RAN1#116 [2] made below related agreements: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 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)



Based on above agreements, our understanding is that below 3 options of on-demand SSB transmission patterns are identified by RAN1 for further down-selection:
· Option 1: Periodical transmission whose periodicity/offset may be different from legacy SSB (if any).
· Option 2: Semi-persistent transmission.
· Option 3: One-shot transmission.
Observation 3: According to RAN1#116 agreement, below 3 options of on-demand SSB transmission patterns are identified by RAN1 for further down-selection:
· Option 1: Periodical transmission whose periodicity/offset may b de different from legacy SSB (if any).
· Option 2: Semi-persistent transmission.
· Option 3: One-shot transmission.
We think the possible RAN2 impact is how to configure periodical / semi-static on-demand SSB transmission (e.g. impact to SMTC) in RRC if periodical or semi-static transmission are adopted by RAN1.
Proposal 2: If RAN1 agree to introduce periodical or semi-static on-demand SSB transmission in SCell, RAN2 discuss its RRC spec change (e.g. impact to SMTC configuration). 
Meanwhile, if use case 3 (i.e., SSB-less operation after SCell is activated) is agreed by RAN1, then the UE may be confused with one SCell without SSB transmission on whether it is an SSB-less SCell or a SCell with on-demand SSB.
Observation 4: If use case 3 (i.e., for SSB-less operation after SCell is activated) is agreed by RAN1, the UE may be confused with whether one SCell without SSB is an SSB-less SCell or a SCell with on-demand SSB.
We think that how UE differentiates is one aspect with potential RAN2 impact. 
Proposal 3: If use case 3 (i.e., for SSB-less operation after SCell is activated) is agreed by RAN1, RAN2 discuss how the UE differentiates whether one SCell without SSB is an SSB-less SCell or an SCell with on-demand SSB.
2.3 Signalling to trigger on-demand SSB transmission
RAN1#116 [2] made below related agreement:Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE



We understand that it means RAN1 agree to introduce DL signalling to notify UE on-demand SSB transmission / termination. In our understanding, some possible signalling options could be:
· Option 1: group common DCI 
· Option 2: UE dedicated MAC-CE
· Option 3: Other MAC-CE subheader, e.g. RAR.
Since the down-selection between them depends on the use case of on-demand SSB, we think RAN2 can leave the down-selection to RAN1. And if RAN1 agree to use MAC-CE, we have RAN2 impact on MAC-CE format design and related procedure change in TS 38.321. 
Proposal 4: If RAN1 agree to use MAC-CE to trigger on-demand SSB SCell operation, RAN2 impacts include MAC-CE format design and related procedure change in TS 38.321. 
Finally, RAN1 didn’t conclude whether to support on-demand SSB SCell operation triggered by UE. We think whether to support it depends on the use case of on-demand SSB. For example, if SCell activation / deactivation is agreed as the only use case of on-demand SSB (i.e., case 1 and case 3 are precluded), we think it is unnecessary to introduce UL signaling as legacy SCell activation / deactivation procedure. In this case, it is left to the NW implementation to determine when to activate / deactivate one SCell. 
Observation 5: Whether to support on-demand SSB SCell operation triggered by UE depends on the use case of on-demand SSB. For example, if SCell activation / deactivation is agreed as the only use case of on-demand SSB, it is unnecessary to introduce UL signaling because trigger timing can be left to NW implementation as legacy.
Due to such dependency, RAN2 can wait RAN1 on whether to introduce on-demand SSB SCell operation triggered by UE and related signaling.
Proposal 5: RAN2 wait RAN1 on whether to introduce on-demand SSB SCell operation triggered by UE and related signaling.

3 Conclusion
In this contribution, we share our view on RAN2 work of on-demand SSB for SCell. Our observations are: 
Observation 1: According to RAN1#116 agreement, below 3 use cases of on-demand SSB were identified for further down-selection:
· Case 1: For triggering L3 measurement before SCell is activated between T0 and T1.
· Case 2: For SCell activation/deactivation between T1 and T2.
· Case 3: For SSB-less operation after SCell is activated and OD-SSB transmission is terminated (i.e., L3 measurement and time/frequency tracking to maintain SSB-less CA).
Observation 2: For Case 3 (i.e., for SSB-less operation after SCell is activated), it is intended is to alleviate restricted scenarios of intra-band SSB-less CA of Rel-15 and inter-band SSB-less of Rel-18.
Observation 3: According to RAN1#116 agreement, below 3 options of on-demand SSB transmission patterns are identified by RAN1 for further down-selection:
· Option 1: Periodical transmission whose periodicity/offset may be different from legacy SSB (if any).
· Option 2: Semi-persistent transmission.
· Option 3: One-shot transmission.
Observation 4: If use case 3 (i.e., for SSB-less operation after SCell is activated) is agreed by RAN1, the UE may be confused with whether one SCell without SSB is an SSB-less SCell or a SCell with on-demand SSB.
Observation 5: Whether to support on-demand SSB SCell operation triggered by UE depends on the use case of on-demand SSB. For example, if SCell activation / deactivation is agreed as the only use case of on-demand SSB, it is unnecessary to introduce UL signaling because trigger timing can be left to NW implementation as legacy.

Based on above observations, our proposals are:
Proposal 1: RAN2 wait RAN1 to conclude down-selection of use cases of on-demand SSB.
Proposal 2: If RAN1 agree to introduce periodical or semi-static on-demand SSB transmission in SCell, RAN2 discuss its RRC spec change (e.g. impact to SMTC configuration). 
Proposal 3: If use case 3 (i.e., for SSB-less operation after SCell is activated) is agreed by RAN1, RAN2 discuss how the UE differentiates whether one SCell without SSB is an SSB-less SCell or an SCell with on-demand SSB.
Proposal 4: If RAN1 agree to use MAC-CE to trigger on-demand SSB SCell operation, RAN2 impacts include MAC-CE format design and related procedure change in TS 38.321. 
Proposal 5: RAN2 wait RAN1 on whether to introduce on-demand SSB SCell operation triggered by UE and related signaling.
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