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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the Rel-19 network energy saving enhancement WI [1], one objective is on-demand SSB SCell operation.
	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]
0. 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)
0. 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.


RAN1 has discussed this objective in RAN1#116 meeting and made some agreements which can be found in the Appendix. Based on RAN1’s progress, this paper will provide our consideration on the scenarios and solutions for this objective.  
2. Discussion
0. Scenarios
RAN1 has agreed the below two assumptions for further technical discussion, and there is one FFS in RAN1 agreement. 
	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 


In the current specification, CD-SSB means there is a SIB1 transmitted on this cell and this cell is allowed to camp on for RRC IDLE/INACTIVE UEs. If on-demand SSB can be operated on CD-SSB, either RRC IDLE/INACTIVE UE will be impacted or network energy saving gain cannot be guaranteed. So, we understand the on-demand SSB should only operate on NCD-SSB.  
Proposal 1 On-demand SSB should be NCD-SSB. 

Moreover, RAN1 has identified the following scenarios.
	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


For Scenario #2, from UE behavior or specification point of view, we won’t specify any relation between receiving the on-demand SSB transmission trigger and the SCell activation command, so we understand the Scenario #2 just means whether the on-demand SSB transmission can be triggered when the SCell is deactivated. With this understanding, we see some motivation of supporting this scenario. 
· 1) On-demand SSB transmission is triggered by traffic arrival. Assuming there is no SSB transmission during SCell deactivation period, the network does not know which SCells are available and should be activated upon the arrival of traffic. Hence, the network may trigger on-demand SSB transmission for several SCells in order to quickly collect the measurement results from the UE, and then determine which SCell are to be activated. 
· 2) On-demand SSB transmission is triggered by UE’s mobility. Assuming there is no SSB transmission or long cycle of SSB transmission during SCell deactivation period, the network may detect the UE’s high mobility status from the measurement results of the other activated serving cell (such as PCell or SCell), and then trigger on-demand SSB transmission on this SCell to obtain SCell mobility. 
Given above, we have the following proposal:  
Proposal 2 Support on-demand SSB operation for Scenario #2 (i.e., SCell is configured to a UE but before the UE receives SCell activation command). 

For Scenario #3, there are two cases:
· Case 1: On-demand SSB transmission is triggered upon receiving the SCell activation command, i.e., on-demand SSB operation is used for fast SCell activation.
· Case 2: On-demand SSB transmission is triggered after the SCell activation complete, i.e., on-demand SSB operation can be triggered when the SCell is activated. 
For the above case 1, we think this scenario is needed. This is because if the SCell activation latency can be reduced, the periodicity of SSB in SCell deactivation can be longer, which can save more network power. Based on the SCell activation delay requirement made in RAN4 specification, the main latency contributor is Tactivation_time which includes three components:
· AGC setting and fine synchronization;
· Cell detection for unknown SCell;
· L1-RSRP measurement with beam management and reporting for FR2. 
In Rel-17 LTE_NR_DC_enh2-Core WI, A-TRS based fast SCell activation was introduced. In that work, only known case for FR1 was the target case, therefore only CSI-RS type was considered as the A-TRS to speed up AGC setting and fine synchronization. In Rel-18 eFeRRM WI, fast L3 measurement report triggered by SCell A/D MAC CE was introduced to reduce SCell activation delay for unknown FR2 SCell. Therefore, only the component of cell detection for unknown SCell is still there, which can be solved by on-demand SSB transmission in Rel-19 NES WI.
Proposal 3 Support on-demand SSB operation for fast SCell activation (i.e., on-demand SSB is used during SCell activation). 
For the above case 2, from our understanding, the UE needs to monitor PDCCH/PDSCH periodically based on C-DRX cycle, so basically the network needs to configure periodic SSB. Moreover, based on the scope of this objective, the current value of SSB periodicity should be maintained, thus there is no clear gain of using on-demand SSB when the SCell is in activated with always-on SSB transmitted with up to 160 ms cycle. 
Proposal 4 Periodic always-on SSB transmission is assumed and no additional on-demand SSB is triggered after SCell activation completion. 

0. Solutions
In RAN1#116 meeting, the below options were identified for all scenarios:
	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)


For the option 1, the difference between this option and the existing scheme should be clarified. It is because currently the UE uses different SSB periodicity in SCell activation state and SCell deactivation state, so time instance A mentioned above in the existing scheme is the timing of receiving the SCell activation command. For option 1A, it means the network can dynamically determine the ending point of the on-demand SSB, but the necessity of such flexibility should be justified. For option 4, it is uncertain to us how this option works. 
Generally speaking, the on-demand SSB should be aperiodic SSB from our perspective, i.e., several SSB samples within a certain time window. And this time window can be preconfigured by the network and the starting point of the time window can be dynamically determined by the network using L1/2 signalling based on the traffic arrivals. Therefore, we prefer option 2 and 3. 
Moreover, option 2 and option 3 can be used for both Scenario #2 and Scenario #3. However, as illustrated in section 2.1, the motivation of Scenario #3 is similar with that of Rel-17 A-TRS, so reusing the Rel-17 A-TRS based fast SCell activation framework is preferred to us if on-demand SSB operation for fast SCell activation is supported. Given above, we have the following proposals:
Proposal 5 If on-demand SSB operation for Scenario #2 (i.e., SCell is configured to a UE but before the UE receives SCell activation command) is agreed, the below options listed in RAN1 agreement are preferred:
- 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.
Proposal 6 Rel-17 A-TRS based fast SCell activation framework can be reused if on-demand SSB operation for fast SCell activation is supported. 
3. Conclusion
In this paper, the following proposals are given: 
Scenarios:
Proposal 1 On-demand SSB should be NCD-SSB.
Proposal 2 Support on-demand SSB operation for Scenario #2 (i.e., SCell is configured to a UE but before the UE receives SCell activation command).  
Proposal 3 Support on-demand SSB operation for fast SCell activation (i.e., on-demand SSB is used during SCell activation).
Proposal 4 Periodic always-on SSB transmission is assumed and no additional on-demand SSB is triggered after SCell activation completion.
Solutions:
Proposal 5 If on-demand SSB operation for Scenario #2 (i.e., SCell is configured to a UE but before the UE receives SCell activation command) is agreed, the below options listed in RAN1 agreement are preferred:
- 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.
Proposal 6 Rel-17 A-TRS based fast SCell activation framework can be reused if on-demand SSB operation for fast SCell activation is supported. 
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5. Appendix
RAN1#116 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
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
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)



