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Introduction
In 3GPP RAN1#116b meeting, the agreements about on-demand SSB SCell operation for UEs in connected mode were achieved as below [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
· 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, further discussion about the procedures of on-demand SSB SCell operation is provided.
Discussion on on-demand SSB SCell operation
Scenarios and cases for on-demand SSB SCell operation
During the 3GPP RAN1#116b meeting, several scenarios for the on-demand SSB SCell operation were identified, including scenarios #2, #2A, #3A, and #3B. Both scenario #2 and scenario #2A, in conjunction with cases #1 and case #2, have been supported.
Regarding scenario #3A, the on-demand SSB is proposed to be triggered as part of the SCell activation procedure. However, since scenario #2A, which involves the on-demand SSB being triggered upon the UE receiving the SCell activation command, is already supported, the rationale for introducing an additional trigger for the on-demand SSB following the SCell activation command is not evident. It appears redundant to establish distinct triggering scenarios for a singular purpose, irrespective of whether it is bound to case #1 or case #2. Consequently, there is no continued justification for supporting scenario #3A.
[bookmark: _Toc10703][bookmark: _Toc29803]There is no need to support Scenario #3A.
In Scenario #3B, the UE has the potential to be served for a long time period. The substantial network energy savings can be realized by reducing the majority, if not all, of SSB transmissions after SCell activation is completed.
It should be noted that the UE is capable of realizing synchronization/AGC adjustment during the SCell activation process. Consequently, once the SCell activation is complete, the system performance can be reliably maintained even in the absence of periodic SSB transmissions, as in Case #1. For scenarios requiring more precise synchronization/frequent ACG adjustment, an on-demand SSB transmission mechanism can be invoked to ensure the requirement in a flexible manner. This approach offers a superior balance between network energy saving gain and system performance. Hence, there is a strong case for supporting Scenario #3B, particularly in conjunction with Case #1.
[bookmark: _Toc3670][bookmark: _Toc23432][bookmark: _Toc1400][bookmark: _Toc30912][bookmark: _Toc13189]On demand SSB transmission in conjunction with case #1 can achieve a better tradeoff between network energy saving and system performance.
For case #2 in scenario #3B, the always-on SSB will be transmitted after the SCell activation is completed. It is noted that the always-on SSB is SSB supported in Rel-18 specifications. That is, the scenario #3B with case #2 is already supported by current specifications. In this case, the motivation to trigger the on-demand SSB transmission is not clear. 
[bookmark: _Toc7702][bookmark: _Toc21271][bookmark: _Toc8169][bookmark: _Toc16696][bookmark: _Toc21211]Scenario #3B in conjunction with case #1 should be supported.

Triggering signaling for on-demand SSB
It was agreed in RAN1 #116 meeting that at least support on-demand SSB SCell operation triggered by gNB. In 116b meeting, the triggering signaling was further discussed and two options were summarized as follows.
· 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.
As discussed in section 2.1, the scenario #2, #2A are already supported for on-demand SSB operation. 
For scenario #2A, the on-demand SSB is triggered when UE receives SCell activation command. To streamline this process, a straightforward method is to incorporate the on-demand SSB triggering indication with the SCell activation/deactivation MAC CE. This integration has the potential to minimize both signaling overhead and SCell activation latency. Therefore, at least for scenario #2A, option 2 is advantageous.
[bookmark: _Toc11975][bookmark: _Toc7778]Option 2 can reduce the signaling overhead and SCell activation latency for scenario #2A.
Furthermore, on-demand SSBs can be initiated across various scenarios. In order to simplify the design, a unified signaling approach is considered to be applicable to all scenarios. In our view, Option 2 could be a viable choice, regardless of the specific scenario in which the on-demand SSB SCell operation is implemented.
[bookmark: _Toc30512][bookmark: _Toc26140]For on-demand SSB triggering signaling, Option 2 is preferred.
Additionally, in Scenario #2, there may be a requirement to simultaneously trigger on-demand SSB transmission for one or multiple SCells, which can be efficiently indicated using MAC CE signaling. Similarly, in Scenario #2A, the SCell activation command could also be conveyed through a MAC CE. Hence, employing MAC CE to trigger on-demand SSB transmission is a proper choice for both scenarios.
[bookmark: _Toc17802][bookmark: _Toc4290]The triggering signaling can be a MAC CE indicating both SCell activation/deactivation and on-demand SSB transmission.
[bookmark: _GoBack]Regarding detailed content of the MAC CE, it may contain target SCell index and target on-demand SSB transmission pattern. For example, UE has multiple SCells capable of supporting on-demand SSB operations. To determine identification of the SCell intended for triggering an on-demand SSB transmission, it is essential to incorporate the index of the targeted SCell within the triggering signaling mechanism.
Moreover, across various scenarios, the state of SCells and the corresponding SSB transmission requirements for UEs vary. For instance, in Scenario #2, the measurement cycle for SSBs on deactivated SCells is extended compared to that of activated SCells, allowing for the transmission of sparse SSBs. In contrast, for Scenario #2A, to minimize the SCell activation delay, a denser transmission pattern for SSBs may be employed. Given the variety of scenarios that accommodate on-demand SSB operations, it becomes challenging to establish a single transmission pattern capable of satisfying the requirements of all UEs. Hence, upon the triggering of on-demand SSB transmission, it is advantageous to clearly indicate the specific SSB transmission pattern to be employed.
[bookmark: _Toc8140]The target SCell index and target on-demand SSB transmission pattern can be indicated by the triggering signaling.
[bookmark: _Toc29089][bookmark: _Toc525][bookmark: _Toc82][bookmark: _Toc29400]UE assumption on SSB transmission after on-demand SSB is triggered
For the scenarios and cases agreed in RAN1#116b meeting, it is noted that the timing for on-demand SSB transmission (e.g. when the triggered SSB starts and ends) will be separately discussed. In addition, five options for the transmission mode of the on-demand SSBs after on-demand SSB being indicated were identified in previous agreements. 
For option 1, if UE assumes that on-demand SSB burst(s) is periodically transmitted from time instance A, gNB may hardly harvest decent network energy saving gain. To be more specific, given multiple UEs are served by a cell, if any one of these UEs trigger the on-demand SSB, network has to resume periodic SSB transmission, in that respect, gNB has low probability to save energy. 
[bookmark: _Toc8617] If the on-demand SSB is periodically transmitted from time instance A without stopping, the gNB might hardly harvest network energy saving gain considering that multiple UEs may be served by a cell.
Taking scenario #2 as an example. If SSB based measurement reporting is configured as event-triggered, triggering periodic SSB transmission without stopping for this one-shot report seems unreasonable. On the other hand, if the SSB based measurement reporting is configured as periodical while the SCell with on-demand SSB transmission not be activated, it will result in unnecessary power consumption.
For scenario #2A, the on-demand SSB is triggered for SCell activation. The SCell activation delay is closely related to the SSB transmission periodicity, i.e., longer SSB periodicity brings larger SCell activation delay. Therefore, on-demand SSB transmission with small cycle can effectively reduce the SCell activation delay and is beneficial for network energy saving. While after the SCell activation procedure is completed, the dense SSB transmission does not bring any benefits but increases the power consumption of gNB. Therefore, option 1 for on-demand SSB transmission should be excluded for scenario #2A.
As discussed before, there is a high opportunity to obtain energy saving gains for scenario #3B. The most significant energy saving benefit on the SCell can be achieved if most/all of the SSB transmission is reduced after SCell activation is completed. So, the on-demand SSB transmission for scenario #3B should also be stopped.
To sum up, there is no need to support option 1 for all scenarios that support on-demand SSB. 
[bookmark: _Toc20133][bookmark: _Toc29088]For timing for on-demand SSB transmission (e.g. when the triggered SSB ends), Option 1 should be excluded for all scenarios that support on-demand SSB. 
Furthermore, for option 1A, option 2 and option 3, the on-demand SSB can be stopped for further energy saving. According to option 1A, on-demand SSB transmission is terminated via network signaling, thus additional indication signaling is required, which increases the signaling overhead.
For option 2, the SSB can be transmitted within certain time duration from time instance A to time instance B, wherein the time instance A/B can be further discussed. And for option 3, a number of on-demand SSB bursts can be considered, wherein the value of N can be pre-defined or indicated by the indication signaling. 
As for option 4, SSB transmissions with a different periodicity are triggered, which is duplicated with the adaptation of SSB burst periodicity discussed in AI 9.5.3.
[bookmark: _Toc22869][bookmark: _Toc15553][bookmark: _Toc16734][bookmark: _Toc3767][bookmark: _Toc26155][bookmark: _Toc24881][bookmark: _Toc29064][bookmark: _Toc18064][bookmark: _Toc9343]For timing for on-demand SSB transmission (e.g. when the triggered SSB ends), Option 1A, Option 2 and option 3 can be considered for further discussion.
During last meeting, the opinions of determining the time instance A can be divided into two categories. For the first category, the time instance A can be the time that the UE receives the signaling triggered the on-demand SSB. In this case, the on-demand SSB is expected to be transmitted at the same time as the triggering signaling, which brings a limitation for implementation of gNB. Moreover, from UE perspective, it takes some time to receive and process the triggering signaling and prepare to detect the on-demand SSB. During this period, the UE cannot detect the SSB which has been transmitted from gNB. Therefore, this SSB transmission may cause unnecessary gNB’s power consumption.
[bookmark: _Toc24853]Transmitting on-demand SSB and the triggering signaling at the same time brings a limitation for implementation of gNB.
For the second category, the time instance A can be the time T [slots or symbols] after the triggering signaling is received or the HARQ-ACK corresponding to the triggering signaling is transmitted (if supported). In that respect, if T is properly configured, it is beneficial for flexibility of implementation and energy saving for network.
On-demand SSB can be transmitted T [slots or symbols] after the triggering signaling is received or the HARQ-ACK corresponding to the triggering signaling is transmitted.

Impact of on-demand SSB SCell on legacy UE
In RAN1 #116b meeting, it is agreed that whether the always-on SSB (if transmitted) on the cell is cell-defining SSB or not is up to gNB implementation, and whether the on-demand SSB is cell-defining SSB or not need further discussed.    
For legacy RRC connected UEs, the SCell with on demand SSB transmission can be configured as intra/inter-band SSB-less SCell. For legacy RRC idle/inactive UEs, when on-demand SSB is not transmitted (i.e., before the SSB is triggered), they cannot identify the cell. Nevertheless, if legacy idle/inactive UEs detect the on-demand SSBs after the on-demand SSB is triggered, it can initiate access on the NES cell. Once the UE enters connected mode, network can hand it over to other cells when it terminates the on-demand SSB transmission. Therefore, the impact of on-demand SSB operation on legacy UEs is manageable.
[bookmark: _Toc32148][bookmark: _Toc197]Observation 5: The impact of on-demand SSB operation on legacy UEs is manageable.
What’s more, if the gNB intends to prevent legacy UEs from initiating initial access on the NES cell with on-demand SSB, it can notify the UE that the current cell is barred for legacy UEs through the SSB or SIB1 to reduce the impact on the legacy UE.
[bookmark: _Toc21833][bookmark: _Toc14290]Observation 6: The gNB can prevent the legacy UE from accessing the NES cell with on-demand SSB.
Furthermore, per the discussion in AI 9.5.3, the SSBs adaptation can be applied to connected UEs, and idle/inactive UEs (for Rel-19 NES capable UEs), and corresponding techniques may be applicable in case of on-demand SSB SCell operation.
Therefore, it is too early to restrict the on-demand SSB to not cell-defining SSB. Such a restriction will narrow down the applicable scenarios of on-demand SSB and diminish the opportunities for obtaining energy saving gains. 
[bookmark: _Toc7744][bookmark: _Toc29328]It is not necessary to restrict the SSBs on the on-demand SSB SCell to not cell-defining SSB.

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: On demand SSB transmission in conjunction with case #1 can achieve a better tradeoff between network energy saving and system performance.
Observation 2: Option 2 can reduce the signaling overhead and SCell activation latency for scenario #2A.
Observation 3: If the on-demand SSB is periodically transmitted from time instance A without stopping, the gNB might hardly harvest network energy saving gain considering that multiple UEs may be served by a cell.
Observation 4: Transmitting on-demand SSB and the triggering signaling at the same time brings a limitation for implementation of gNB.
Observation 5: The impact of on-demand SSB operation on legacy UEs is manageable.
Observation 6: The gNB can prevent the legacy UE from accessing the NES cell with on-demand SSB.

Proposal 1: There is no need to support Scenario #3A.
Proposal 2: Scenario #3B in conjunction with case #1 should be supported.
Proposal 3: For on-demand SSB triggering signaling, Option 2 is preferred.
Proposal 4: The triggering signaling can be a MAC CE including both SCell activation/deactivation indication and On-demand SSB transmission indication.
Proposal 5: The target SCell index and target on-demand SSB transmission pattern can be indicated by the triggering signaling.
Proposal 6: For timing for on-demand SSB transmission (e.g. when the triggered SSB ends), Option 1 should be excluded for all scenarios that support on-demand SSB. 
Proposal 7: For timing for on-demand SSB transmission (e.g. when the triggered SSB ends), Option 1A, Option 2 and option 3 can be considered for further discussion.
Proposal 8: On-demand SSB can be transmitted T [slots or symbols] after the triggering signaling is received or the HARQ-ACK corresponding to the triggering signaling is transmitted.
Proposal 9: It is not necessary to restrict the SSBs on the on-demand SSB SCell to not cell-defining SSB.
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