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Introduction
In the last RAN1#116bis meeting, the following agreements were made for on-demand SSB SCell operation [1]:
	Agreement
For the identified scenarios and cases (as per RAN1#116 agreement), on-demand SSB can be triggered by gNB at least for the following scenarios/cases:
· Scenario #2 and Case #1
· Scenario #2 and Case #2
· Scenario #2A and Case #1
· Scenario #2A and Case #2
· FFS: Scenario #3A and Case #1
· FFS: Scenario #3A and Case #2
· FFS: Scenario #3B and Case #1
· FFS: Scenario #3B and Case #2
· For Case #1, once on-demand SSB is triggered, its transmission is in a periodic manner.
· Note: This does not imply periodic on-demand SSB is transmitted indefinitely after triggered.
· Notes:
· Scenario #2A refers to
· “When UE receives SCell activation command (e.g., as defined in TS 38.321)”
· Scenario #3A refers to
· “After UE receives SCell activation command (e.g., as defined in TS 38.321) until SCell activation is completed”
· Scenario #3B refers to
· “When SCell activation is completed and SCell is activated” or
· “After SCell activation is completed and SCell is activated”
· For discussion purpose under AI 9.5.1, always-on SSB is SSB supported in Rel-18 specifications.
· Timing for on-demand SSB transmission (e.g. when the triggered SSB starts and ends) will be separately discussed.

Agreement
For a cell supporting on-demand SSB SCell operation,
· Note: It is up to gNB implementation whether always-on SSB (if transmitted) on the cell is cell-defining SSB or not.
· For on-demand SSB on the cell, downselect between the following alternatives
· Alt-1: It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
· Alt-2: On-demand SSB is limited to non-cell-defining SSB.
· FFS: Further limitations to on-demand SSB 

Agreement
For a cell supporting on-demand SSB SCell operation,
· L1 and/or L3 measurement based on on-demand SSB is supported for the cell.
· FFS further details on L1 and/or L3 measurement

Agreement
The following agreement from RAN1#116 is modified (in red)
· For SSB burst(s) triggeredindicated 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)

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




Based on the above agreements, we introduce our views on on-demand SSB SCell operation in this contribution.
On-demand SSB SCell operation
According to the WID, it is necessary to specify procedures and signaling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA [2]. For supporting on-demand SSB SCell operation, triggering method(s) is necessary to initiate on-demand SSB transmission. In addition to the triggering method(s), additional information could be reported from a UE in order to improve the efficiency of on-demand SSB transmission with a proper configuration. If the on-demand SSB transmission starts once and continues thereafter, the network energy saving gain may not be significant. For further network energy saving gain, procedure(s) and method(s) to stop and/or reconfigure SSB transmission would be necessary. In the following subsections, we introduce further views on each issue.
Scenarios for on-demand SSB SCell operation
In the last meeting, four combination of scenarios and cases were identified for on-demand SSB SCell operation as captured in the above. In our opinion, all combinations can be considered for future discussion. In case of Scenario #3A, SSB can be used for several purposes such as cell search, AGC, time/frequency synchronization, CSI measurements and so on after receiving SCell activation command. Therefore, on-demand SSB can be triggered for this scenario. However, when or after completion of SCell activation i.e., Scenario #3B, RRM/RLM/BFD/CSI measurements can be performed using CSI-RS. If on-demand SSB is transmitted continuously after the completion of SCell activation, it cannot be considered as on-demand SSB anymore and the network energy saving gain will be marginal. Therefore, Scenario #3B should be precluded for further discussion.
Proposal 1: In addition to previous agreed scenarios, it is proposed to consider #3A for further discussion for on-demand SSB SCell operation and preclude Scenario #3B.
Indication method(s) for on-demand SSB transmission
In the last meeting, it was clarified that the meanings of triggering and indicating on-demand SSB transmission. In case of triggering method, it means a method to cause SCell to transmit on-demand SSB. The indicating method means to indicate whether on-demand SSB is transmitted to a UE. The triggering method can be backhaul signaling or gNB implementation, and it is out of RAN1 work scope. Therefore, we need to focus on indication method(s) for on-demand SSB transmission in this contribution.
Observation 1: Triggering method(s) for on-demand SSB transmission is out of RAN1 work scope.
For indicating on-demand SSB transmission, two options i.e., separate vs. a single signaling were agreed for further discussion as shown in the above. In case of Option 1, legacy signaling mechanisms for SCell activation/deactivation can be reused and only design for indicating on-demand SSB transmission will be necessary. And the approach can be applicable to any scenario among Scenario #2, #2A, and #3A.  However, in case of Option 2, new design for both SCell activation/deactivation and on-demand SSB transmission indication will be necessary and it will cause a large spec impact. It will be also only available in a limited scenario. For example, this approach is only applicable to Scenario #2A and cannot be applicable to Scenario #2 and Scenario #3A. Therefore, among two options, we prefer Option 1 i.e., separate signaling between legacy/existing signaling (e.g., RRC, MAC CE) providing SCell activation/deactivation and signaling providing on-demand SSB transmission indication. For separate signaling, common PDCCH, MAC CE, and RRC signaling can be considered for further discussion.
Proposal 2: It is proposed to support Option 1 as an indication method for on-demand SSB transmission.
· For separate signaling, common PDCCH, MAC CE, and RRC signaling can be considered for further discussion.
Transmission and Completion of on-demand SSB
In RAN1#116 meeting, it was discussed whether SSB burst(s) triggered by on-demand SSB operation will be transmitted with a periodic, semi-persistent, or aperiodic manner, and several options were agreed [3] and the agreement was modified as shown in the above in the last meeting. In case of Option 1, after indicating transmission of on-demand SSB, it can be transmitted periodically as legacy behavior. However, it will cause the network energy consumption, and the energy saving gain will be marginal. Therefore, Option 1 should be precluded, and the remaining other options can be discussed further with the completion message described hereafter.
Proposal 3: It is proposed to discuss further the following options for on-demand SSB transmission:
· 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.
In cases of Option 2 and 3, there is no difference except for the signaling method. If the number of SSB burst sets is configured or the starting time instance and the ending time instance are configured, SCell will stop its transmission after transmitting with the configured number of SSB burst sets or the configured time duration. However, in these cases it does not know whether the UE completes the SCell activation procedure such a s AGC, cell search, and L1 measurement. In case of Option 1A and 4, in order for gNB to turn OFF the on-demand SSB or change the periodicity of on-demand SSB, gNB also needs to know whether the UE is connected to the SCell successfully. Therefore, it would be necessary to confirm the completion of SCell activation procedure. The simple solution will be the CSI reporting. When the UE completes the SCell activation procedure, the UE will report the CSI measurement. If the SCell receives the CSI reporting from the UE, it can be considered as the completion of SCell activation. Otherwise, it can be considered as the failure of SCell activation. In order to handle this failure case, it would be necessary to introduce a mechanism for retransmission of on-demand SSB at least for Option 2 and 3.
Observation 2: The CSI reporting for the SCell can be used as the confirmation for the completion of SCell activation.
Proposal 4: If Option 2 or Option 3 is adopted for on-demand SSB transmission, it is proposed to introduce a mechanism for retransmission of on-demand SSB in order to handle the failure case of SCell activation according to the limited on-demand SSB transmission.
Regarding whether on-demand SSB is cell-defining or not, we cannot find any strong motivation to limit non-cell-defining SSB only for on-demand SSB. Therefore, we prefer to leave it as gNB implementation whether on-demand SSB is cell-defining SSB or not.
Proposal 5: Regarding whether on-demand SSB is cell-defining or not, it prefers to leave it as gNB implementation, i.e., Alt-1.
Additional information for on-demand SSB transmission
In order to configure on-demand SSB transmission properly, the reporting of additional information can be considered for efficient on-demand SSB transmission. For example, additional information such as the (recommended) number of SSB burst sets, the (recommended) SSB transmission period, and so on can be reported before PCell triggering on-demand SSB transmission.  Based on the reported information, PCell can determine the proper configuration for on-demand SSB transmission. The number of SSB burst sets or time duration for on-demand SSB transmission can be determined based on the number of UE’s received beams to perform beam sweeping for SSB reception at the UE side. Regarding the SSB transmission period, it will be helpful to reduce access latency if the on-demand SSB is transmitted with the period shorter than the default value (e.g., 20ms). Based on the UE’s capability to process SSB detection, the UE can determine the proper SSB transmission period. If it is not reported, the default period can be configured for on-demand SSB transmission.
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[bookmark: _Ref158990491]Figure 1. Example of on-demand SSB transmission with flexible time period
Figure 1 shows an example of on-demand SSB transmission with flexible time period. If there are several candidate locations for on-demand SSB transmission as shown in Figure 1 (a), the proper period for on-demand SSB transmission can be determined based on the UE’s reporting. In case of Figure 1 (b) the same period as the default value (20ms) is configured. In case of Figure 1 (c) it is configured the shorter period than the default value to reduce access latency.
Proposal 6: It is proposed to report additional information for proper configuration for on-demand SSB transmission.
· Details of additional information can be discussed further.
Based on the reported information, a network e.g., PCell can decide the configuration for on-demand SSB transmission appropriately. Then, the configuration information can be delivered to the UE to help SSB reception. The configuration information can include at least cell ID, numerology, time/frequency resources, number of SSB burst sets or time duration, etc.
Proposal 7: It is proposed to provide the configuration information for on-demand SSB transmission to the UE to help SSB reception.
· Details of configuration information and related procedure(s) can be discussed further.
Overall procedure for on-demand SSB transmission
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[bookmark: _Ref159005131]Figure 2. Example of overall procedure for on-demand SSB transmission
Figure 2 shows an example of overall procedure for on-demand SSB transmission. When a UE requests on-demand SSB transmission (if supported) or PCell triggers on-demand SSB transmission, additional information can be reported from the UE for proper configuration of on-demand SSB transmission (if supported). Based on the reported information, PCell can configure on-demand SSB transmission properly, and then provides the configuration information to the UE and SCell. According to the configuration, SCell starts to transmit on-demand SSB. After the completion of SCell activation, the UE can report the CSI measurement to SCell, then SCell can stop or modify its on-demand SSB transmission.
Summary
In this contribution, we made the following proposals and observation on on-demand SSB SCell operation.
Proposal 1: In addition to previous agreed scenarios, it is proposed to consider #3A for further discussion for on-demand SSB SCell operation and preclude Scenario #3B.
Observation 1: Triggering method(s) for on-demand SSB transmission is out of RAN1 work scope.
Proposal 2: It is proposed to support Option 1 as an indication method for on-demand SSB transmission.
· For separate signaling, common PDCCH, MAC CE, and RRC signaling can be considered for further discussion.
Proposal 3: It is proposed to discuss further the following options for on-demand SSB transmission:
· 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.
Observation 2: The CSI reporting for the SCell can be used as the confirmation for the completion of SCell activation.
Proposal 4: If Option 2 or Option 3 is adopted for on-demand SSB transmission, it is proposed to introduce a mechanism for retransmission of on-demand SSB in order to handle the failure case of SCell activation according to the limited on-demand SSB transmission.
Proposal 5: Regarding whether on-demand SSB is cell-defining or not, it prefers to leave it as gNB implementation, i.e., Alt-1.
Proposal 6: It is proposed to report additional information for proper configuration for on-demand SSB transmission.
· Details of additional information can be discussed further.
Proposal 7: It is proposed to provide the configuration information for on-demand SSB transmission to the UE to help SSB reception.
· Details of configuration information and related procedure(s) can be discussed further.
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