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Introduction
In RAN#102, the WID for Rel.19 Network energy saving has been approved [1]. According to the WID, one of the objectives is to specify procedures and signaling methods to support on-demand SSB SCell operation. In RAN1#116b meeting, on-demand SSB SCell operation was further discussed and the following agreements were achieved.
	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


In this contribution, we present some further discussions on on-demand SSB, focusing on aspects such as on-demand SSB types, scenarios for triggering on-demand SSB, transmission options and triggering methods. 

[bookmark: _Ref228947482]Discussion
Types of SSB transmitted on on-demand SSB SCell
The type of SSB transmitted on the on-demand SSB SCell, i.e., whether always-on SSB and on-demand SSB are cell-defining SSB (CD-SSB) or not, was discussed in the last meeting. It was agreed that whether always-on SSB can be cell-defining SSB or not is up to gNB implementation. For on-demand SSB, the following two alternatives are agreed to be down-selected. 
· 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.
According to current specification [2], a SSB is referred to as a CD-SSB when the SSB is associated with an RMSI (i.e., SIB1). In addition, a PCell is always associated to a CD-SSB located on the synchronization raster. However, there is no such restriction for a SCell. According to the WID, on-demand SSB is restricted to SCell. This can be interpreted as that the cell transmitting on-demand SSB cannot be a PCell for either legacy UEs or Rel.19 NES capable UEs. To make sure that the cell is not used as PCell, we can consider the following three possible approaches.
· Approach 1. The on-demand SSB on the SCell is CD-SSB located on synchronization raster, and the cellbarred IE in the MIB of the SCell is set to “barred”.
· Approach 2. The on-demand SSB on the SCell is not CD-SSB, i.e., it is not associated with RMSI.
· Approach 3. The on-demand SSB on the SCell is CD-SSB but transmitted off the synchronization raster.
Given that there are other approaches aside from the non-cell defining SSB approach to make sure that the on-demand SSB SCell is not used as PCell, it is not necessary to limit the on-demand SSB to non-cell-defining SSB. 
Observation 1. Whether the on-demand SSB is CD-SSB or not is irrelevant, as long as it is ensured that the on-demand SSB SCell is not used as PCell. 
Proposal 1. For on-demand SSB transmitted on the SCell, it is up to gNB implementation to determine the type of on-demand SSB (i.e., CD-SSB or not) and the approach to make sure that the cell is not used as PCell.

Scenarios for on-demand SSB triggering
In previous RAN1 meetings, the following cases and scenarios are identified based on the presence of always-on SSB and different phases of SCell operation. They are illustrated in Figure 1(a) and Figure 1(b), respectively. 
· Case #1: There is no always-on SSB
· Case #2: There is always-on SSB which is periodically transmitted on the cell
· Scenario #2: After SCell addition but before SCell activation command reception
· Scenario #2A: When SCell activation command is received
· Scenario #3A: After SCell activation command reception but before SCell activation is completed
· Scenario #3B: When and after SCell activation procedure is completed
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Figure 1. Scenarios that can be considered for on-demand SSB SCell operation (a) without and (b) with the presence of always-on SSB

In RAN1#116b meeting, it was agreed that on-demand SSB can be triggered at least for the following four combinations of scenarios and cases.
· Scenario #2 and Case #1
· Scenario #2 and Case #2
· Scenario #2A and Case #1
· Scenario #2A and Case #2
Further discussions are required for the remaining combinations. 
· Scenario #3A and Case #1/Case #2
In our understanding, the motivation of triggering on-demand SSB in scenario #3A is for SCell activation. However, for such a purpose, it is more reasonable and efficient to trigger on-demand SSB in scenario #2A. In Case #1, the UE cannot start the SCell activation procedure without the knowledge of SSB transmission. In Case #2, it is expected that on-demand SSB can enable faster SCell activation compared to that based on always-on SSB. It seems there is no reason to postpone on-demand SSB triggering after SCell activation command. In conclusion, there is no need of triggering on-demand SSB in scenario #3A. 
· Scenario #3B and Case #1/Case #2
In Scenario #3B and Case #1, on-demand SSB can be triggered for the functionalities that ensures DL reception works properly, such as keeping synchronization, RRM measurements and beam tracking. However, in Scenario #3B and Case #2, it is not necessary to trigger on-demand SSB as the gNB can rely on always-on SSB to fulfill those functionalities. Moreover, if a shorter period of SSB transmission is required after the SCell is activated, it is more efficient to change the period of always-on SSB by a single gNB indication rather than triggering on-demand SSB multiple times. This can be addressed by A.I. 9.5.3. 
Proposal 2. Regarding the remaining scenarios/cases that can be considered for triggering on-demand SSB, support the following scenario/case.
· Scenario #3B and Case #1: After SCell activation procedure is completed when there is no always-on SSB
· On-demand SSB can be used for keeping synchronization, RRM measurement and beam tracking.

Transmission options of on-demand SSB 
In RAN1#116 meeting, the following five options for on-demand SSB transmission were identified for further study.
· Option 1: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A.
· [bookmark: _Hlk165470398]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 our understanding, the above five options can be roughly classified into two categories.
· Category 1. Periodic on-demand SSB transmission
Option 1, option 1A, option 2 and option 4 can be classified into Category 1. An example of option 1 is shown in Figure 2(a) where, after being triggered, the on-demand SSB is transmitted from a timing offset with a (pre-)configured periodicity. Here the starting time of transmission, i.e., time instance A, is determined by the periodicity and offset provided by on-demand SSB configuration. Alternatively, the information of periodicity and offset can be indicated by on-demand SSB triggering signaling. If the SSB transmission is stopped upon an explicit indication, it becomes option 1A, as shown in Figure 2(b). If the SSB transmission is stopped after a (pre-)configured time window, then it becomes option 2, as depicted in Figure 2(c). As illustrated in Figure 2(d), option 4 can be considered as a special case of option 1A, where on-demand SSB with period 1 is initially triggered and then another on-demand SSB with period 2 is triggered.   
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Figure 2. Examples of periodic on-demand SSB transmission options
Observation 2. Option 4 can be considered as a special case of option 1A. Specifically, on-demand SSB with one period value is initially triggering and transmitted for a certain time duration, after that on-demand SSB with another period value is triggered.
In RAN1#116b meeting, it was agreed that periodic on-demand SSB transmission after triggered is expected in Case #1. It is worth noting that this does not preclude periodic transmission of on-demand SSB during a time duration. From the perspective of network energy saving, it is beneficial that periodic on-demand SSB can be stopped at certain time instance. However, this should be limited to the scenarios where the state of SCell is deactivated. After the SCell becomes activated, periodic SSB transmission is typically necessary. Additionally, to ensure DL/UL transmission works fine, other reference signals such as TRS and CSI-RS will also start to be transmitted on the SCell. Under this circumstance, the network energy saving gain by suspending SSB transmission is marginal. 
Observation 3. From the perspective of network energy saving, it is beneficial that periodic on-demand SSB can be stopped at certain time instance, when or after the SCell state is deactivated.
Proposal 3. For periodic on-demand SSB transmission, support the following options.
· Option 1A. On-demand SSB is periodically transmitted from time instance A until stopped by explicitly indication from gNB
· Option 2: On-demand SSB is transmitted from time instance A to time instance B and not transmitted after time instance B.
· Time instance A can be determined by the periodicity and offset provided by on-demand SSB configuration or triggering signaling 
· Time instance B can be defined by the ending time of a time window provided by on-demand SSB configuration or triggering signaling.   

· Category 2. Aperiodic on-demand SSB transmission
Option 3 belongs to Category 2, and an example of option 3 is illustrated in Figure 3. The transmission starts after a (pre-)configured time offset after the triggering signaling. One aperiodic transmission may contain a number N of SSB bursts to make sure the SSB reception performance for cell edge UEs.  The determination of the value of N requires RAN4’s work. For this case, a time gap between SSB bursts can also be (pre-)configured.
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Figure 3. An example of aperiodic on-demand SSB transmission option (option 3) 
As agreed in RAN1 #116b meeting, on-demand SSB can be triggered in scenario 2A. Under the circumstance of Case #2, the purpose of triggering on-demand SSB in scenario 2A is to achieve fast SCell activation. Without on-demand SSB, after receiving the SCell activation command, the UE has to wait to receive the next always-on SSB for SCell activation. In some cases, especially in FR2 when a UE has not performed measurement on the SCell before receiving the SCell activation command, the UE may need to receive multiple cycles of SSBs to complete SCell activation procedure. In such cases, employing on-demand SSB, especially in an aperiodic transmission manner, could be a promising way to achieve fast SCell activation.   
Observation 4. In Scenario #2A and Case #2 (i.e., when the SCell activation command is received in the case where there is periodic always-on SSB), aperiodic SSB transmission is beneficial to enable faster SCell activation.
Proposal 4. in scenario #2A and Case #2, support aperiodic SSB transmission with the following option.
· Option 3. On-demand SSB is transmitted N times after time instance A and then not transmitted after N transmission times have been completed.
· Time instance A can be determined by a (pre-)configured time offset after the on-demand SSB triggering signaling.
· FFS how to define the value of N.

Triggering methods
(1) gNB triggering method
Regarding the signaling of gNB triggering method, the following two options were identified for further study in the last meeting.
· Option 1. Separate signaling to provide SCell activation/deactivation indication and on-demand SSB transmission indication, respectively 
· Option 2. A single signaling to provide both SCell activation/deactivation indication and on-demand SSB transmission indication
Option 1 has broader use cases, as it can be used for all the scenarios identified in section 2.2, while option 2 can only be used in scenario #2A. On the other hand, option 2 can achieve higher signaling efficiency. 
For option 1, we can consider using group-common L1 signaling to indicate on-demand SSB transmission, considering that on-demand SSB is transmitted in a broadcast manner. 
For option 2, the legacy RRC signaling or MAC-CE used to indicate SCell activation/deactivation can be considered as the starting point. Taking the RRC signaling as an example, a RRC parameter (sCellState) was introduced in Rel.16 to indicate the activation/deactivation state of a SCell. As for MAC-CE, an enhanced SCell activation/deactivation MAC-CE for fast SCell activation was supported in Rel.17. It signals whether the transmission of the corresponding A-TRS is activated or not, while indicating the activation of the SCell. Similarly, the SCell and associated on-demand SSB transmission can be activated by RRC configuration or by MAC-CE. 
Proposal 5. For the option of separate signaling to provide SCell activation/deactivation indication and on-demand SSB transmission indication, group common DCI can be considered to reduce signaling overhead. 
Proposal 6. For the option of a single signaling to provide both SCell activation/deactivation indication and on-demand SSB transmission indication, the following can be considered as starting point. 
· RRC
· Details should be discussed by RAN2.
· MAC-CE
· The Rel.17 enhanced SCell activation/deactivation MAC-CE can be considered as the starting point.
· Details should be discussed by RAN2.

(2) UE triggering method
The following use cases proposed by proponents of UE triggering method were summarized in FL summary [3].
· Use case 1. UL traffic arrival and the UL resource is not sufficient such that activating SCell for UL transmission is required. In this case, efficient SR procedure without BSR transmission by utilizing UE-triggered on-demand SSB can be considered.
· Use case 2. UE’s mobility may result in SCell’s low quality (e.g., when its coverage is smaller than PCell’s coverage)
· Use case 3. For fast beam recovery in case of beam failure or UE-triggering beam management (as discussed in Rel-19)
· Use case 4. For Rel-18 SSB-less SCell scenario where gNB may not know whether some conditions (e.g., RTD ≤ 3 usec) are satisfied at UE side 
However, the above use cases require further clarification. 
· For use case 1, the information of UL capacity is only known by the gNB. Without the information of how much data is in UE buffer to be sent out, which is provided by BSR, the network the network could not accurately determine whether the current UL capacity is insufficient and activation of a SCell is necessary. Consequently, there is a risk of unnecessary on-demand SSB transmission and SCell activation, which would lead to increased network power consumption. 
· In our understanding, the most likely scenario for use case #2 and #3 is the one where the SCell is in activated state, i.e., Scenario #3B. As mentioned in section 2.3, continuous periodic on-demand SSB is desired for Scenario #3B. With such consideration, it seems unnecessary to additionally trigger on-demand SSB for use case #2 and #3.
· Clarity on use case #4 is also needed. If gNB requires UE to perform SSB measurements to check whether the condition for Rel.18 SSB-less SCell is met, the most natural way is for gNB to trigger on-demand SSB.
Proposal 7. For UE uplink wake-up-signal, further clarification on useful use case(s) is needed.  

Conclusions
In this contribution, we discussed on-demand SSB for SCell. The following observations and proposals are provided.
Observation 1. Whether the on-demand SSB is CD-SSB or not is irrelevant, as long as it is ensured that the on-demand SSB SCell is not used as PCell. 
Proposal 1. For on-demand SSB transmitted on the SCell, it is up to gNB implementation to determine the type of on-demand SSB (i.e., CD-SSB or not) and the approach to make sure that the cell is not used as PCell.
Proposal 2. Regarding the remaining scenarios/cases that can be considered for triggering on-demand SSB, support the following scenario/case.
· Scenario #3B and Case #1: After SCell activation procedure is completed when there is no always-on SSB
· On-demand SSB can be used for keeping synchronization, RRM measurement and beam tracking.
Observation 2. Option 4 can be considered as a special case of option 1A. Specifically, on-demand SSB with one period value is initially triggering and transmitted for a certain time duration, after that on-demand SSB with another period value is triggered.
Observation 3. From the perspective of network energy saving, it is beneficial that periodic on-demand SSB can be stopped at certain time instance, when or after the SCell state is deactivated.
Proposal 3. For periodic on-demand SSB transmission, support the following options.
· Option 1A. On-demand SSB is periodically transmitted from time instance A until stopped by explicitly indication from gNB
· Option 2: On-demand SSB is transmitted from time instance A to time instance B and not transmitted after time instance B.
· Time instance A can be determined by the periodicity and offset provided by on-demand SSB configuration or triggering signaling 
· Time instance B can be defined by the ending time of a time window provided by on-demand SSB configuration or triggering signaling.   
Observation 4. In Scenario #2A and Case #2 (i.e., when the SCell activation command is received in the case where there is periodic always-on SSB), aperiodic SSB transmission is beneficial to enable faster SCell activation.
Proposal 4. in scenario #2A and Case #2, support aperiodic SSB transmission with the following option.
· Option 3. On-demand SSB is transmitted N times after time instance A and then not transmitted after N transmission times have been completed.
· Time instance A can be determined by a (pre-)configured time offset after the on-demand SSB triggering signaling.
· FFS how to define the value of N.
Proposal 5. For the option of separate signaling to provide SCell activation/deactivation indication and on-demand SSB transmission indication, group common DCI can be considered to reduce signaling overhead. 
Proposal 6. For the option of a single signaling to provide both SCell activation/deactivation indication and on-demand SSB transmission indication, the following can be considered as starting point. 
· RRC
· Details should be discussed by RAN2.
· MAC-CE
· The Rel.17 enhanced SCell activation/deactivation MAC-CE can be considered as the starting point.
· Details should be discussed by RAN2.
Proposal 7. For UE uplink wake-up-signal, further clarification on useful use case(s) is needed.  
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