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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The agreements made in RAN1#116 [[endnoteRef:2]] are listed as follow: [2: [] R1-2401840, “Summary #4 of on-demand SSB for NES”, LG Electronics (Moderator), RAN1#116, February 26th – March 1st, 2024.] 

	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)


In this paper, we discuss the details of on-demand SSB SCell operation, including the scenarios for on-demand SSB, transmission timing of the on-demand SSB and indication for on-demand SSB activation and deactivation.
[bookmark: _Ref158191957]Scenarios for on-demand SSB 
The evolution of SSB enhancement on SCell in 5G NR has been continuously pressed forward under the guideline of ultra-lean designation since Rel-15. The SSB-less SCell operation in intra-band CA scenario was supported in Rel-15, and the applicable scenario is further expanded to co-located FR1 inter-band CA in Rel-18. According to [[endnoteRef:3]], the less SSB to be transmitted, the more potential NW energy saving could be. In order to maximize the NES gain, the SSB transmitted should be neither more nor less than what it is demanded for, i.e., ideally, the SSB on SCell operation should be completely of an on-demand manner. [3: [] 3GPP TR 38.864, “Study on network energy savings for NR”, V18.1.0, March, 2023.] 

Hence, to maximize the NES gain, SSB should be absent when there is no demand and be transmitted in an on-demand manner. Also, it can be noticed that the absence of always-on SSB does not affect the SCell operation for the UE using this serving cell as SCell. For a UE, as it gets RRC_CONNECTED with a PCell, it will obtain information about the on-demand SSB on another cell which might be a neighbor cell for measurement. Thus, the measurement purpose of always-on SSB can be served by the on-demand SSB.
On the other hand, if an always-on SSB is transmitted for maintaining legacy UEs access, with periodicity of e.g. up to 160 ms for NES purpose, the access latency is large and UE may anyway attempt to access other serving cells, according to the typical UE assumption of SSB periodicity. On-demand SSB is expected to work with similar effects for those UEs. This could be up to network implementation. 
Observation 1: When the SSB is transmitted neither more nor less than what it is demanded for, the NW energy saving gain can be maximized. 
Proposal 1: On-demand SSB SCell operation should target at least the scenario of "no always-on SSB".
In current specification, based on whether associated with an RMSI, SSB can be categorized as Cell-Defining SSB (CD-SSB) and non-Cell Defining SSB (NCD-SSB), respectively. In the context of SCell operation, whether the SSB is associated with SI does not matter, since SI can be provided via PCell. The NCD-SSB can guarantee the necessary functionalities on SCell, such as measurement, synchronization and other functionalities that are not related to SI. Therefore, NCD-SSB as on-demand SSB can be supported. On the other hand, CD-SSB can facilitate some other operations on the cell. For example, when there happens to be on-demand CD-SSB (of a 20ms periodicity) triggered by a connected UE, then a cell-searching UE can perform initial access on this SCell through CD-SSB. In a word, both CD-/NCD-SSB can be supported as on-demand SSB.
Proposal 2: On-demand SSB SCell operation can support both CD-SSB and NCD-SSB. 
Regarding an SCell which has been configured to a UE, various SCell management activities can be made, including modification, activation, deactivation and removal. SSB is important for the SCell management activities. For on-demand SSB SCell operation, it is suggested that at least the following scenarios should be focused on for further RAN1 discussion.
· SCell is configured to a UE but before the UE receives SCell activation command: After an SCell is configured, gNB can instruct the UE to perform measurement on this SCell, which can be based on on-demand SSB. This will facilitate several SCell functions, e.g., SCell modification. For example, if the UE has moved to the edge of its current serving SCell, the SSB-based measurement reports may indicate that the signal quality on this SCell is worse than its neighbor cells, and gNB can decide to modify the SCell. Furthermore, if valid SSB-based measurements have been executed before the UE receives SCell activation command, the measurement results can be leveraged during the SCell activation which can thus be accelerated.
· After UE receives SCell activation command: When the volume of DL/UL transmission of a UE increases, one or multiple configured SCell(s) can be activated to guarantee the communication performance. During the SCell activation procedure, SSBs, in many SCell activation cases as stated in TS 38.133, are necessary for UE to synchronize in time/frequency domain and perform measurements. 
· For an SCell of which activation has been completed, on-demand SSBs can be turned ON/OFF. They are turned OFF to preserve NES and they can be turned ON to be used to serve the functionalities of maintaining DL sync, performing L1/L3 measurement and beam management. In a word, on-demand SSB SCell operation should also focus on the case where SCell activation is completed. 
Proposal 3: Support the following scenarios for on-demand SCell operation:
· 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)
· Support the case where SCell activation is completed
Transmission timing of the triggered on-demand SSB 
Regarding to the UE expectation of on-demand SSB, the following agreement was achieved in the last meeting.
	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)


As previously discussed and preferred, the on-demand SSB is expected to be fully on-demand at least functionally. Thus, the gNB should be able to both start/stop the on-demand SSB based on its need. At least two aspects should be covered: activation (triggering of the SSB transmission) and deactivation (stopping of the SSB transmission). Two indications for the activation and deactivation of on-demand SSB can be defined, respectively. Also, the SSB transmission can be modified in time domain to meet the requirements of different gNB needs. Therefore the activation indication may also include the SSB configuration along with other configuration as we will discuss in Section ‎4. 
For all the functionalities that SSB could serve, for an activated on-demand SSB, without receiving a feedback from UE, no matter whether the UE has succeeded to accomplish certain SSB-based functionalities or not, the gNB does not have enough information to take accurate decision to stop/modify the on-demand SSB transmission. Therefore, it should be clarified that, the on-demand SSB activation indication should not contain information about the future termination/modification of current triggered SSB transmission. 
Proposal 4: The on-demand SSB activation indication should does not contain information about the future termination/modification of current triggered SSB transmission. 
Regarding to Option 3 in the above agreement, how to define a suitable value of N seems to be difficult, because it is difficult to determine how many rounds of SSB burst will be needed in the future procedures. Regarding to Option 1, if SSB burst(s) is periodically transmitted after the triggering without termination, maximum NW energy saving cannot be realized. Therefore, in order to preserve NW energy saving and provide more scheduling flexibility, UE can be expected to start detecting SSB upon receiving the on-demand SSB activation indication, and stop detecting this triggered SSB upon receiving the on-demand SSB deactivation indication, which corresponds to Option 2 and Option 4.
Two time instances, namely, time instance A and time instance B, can thus be further defined. The time instance A represents the time when a UE receives an on-demand SSB activation indication. The UE should then start to monitor the triggered SSB. The time instance B represents the time when a UE either receives an on-demand SSB deactivation indication, or a new on-demand SSB activation indication of which carried information is different with the prior one, or a pre-defined timer has expired (in case of no feedback from UE leading to a non-stop SSB transmission). The UE should then stop monitoring the SSB upon receiving a deactivation indication, or start to monitor a new triggered SSB according to configuration interpreted from the new activation indication, on time instance B, respectively. Note that the time instance A must be prior to time instance B according to their definitions.
Figure 1 illustrates three examples regarding to the definition of time instance A and B. In subfigure (a), a UE starts to detect long-period SSB upon time instance A (receiving an activation indication) and stops detecting upon time instance B (receiving a deactivation indication). Whilst in subfigure (b), a UE starts to detect dense-period SSB upon time instance A (receiving the first activation indication) and starts to detect long-period SSB upon time instance B (receiving the second activation indication). The time instance B represents the expiration of a pre-defined timer in subfigure (c).
[image: ]
Figure 1 An example of the definitions of time instances A and B
In a word, the combination of Option #2 and #4 in the agreement above can be supported, with the on-demand SSB activation/deactivation indications defining the time instances A and B associated with the UE behavior. 
Proposal 5: Support the combination of Option #2 and #4 in Agreement #5 as follow:
· 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 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 which time instance A is can be defined as the time when a UE receives an on-demand SSB activation indication. Time instance B is can be defined as the time when either a UE receives an on-demand SSB deactivation indication, or a UE receives new on-demand SSB activation indication of which carried information is different with the prior one, or a pre-defined timer has expired.
[bookmark: _Ref162947486]Indication for on-demand SSB activation and deactivation
On-demand SSB transmission can be activated by gNB for multiple purposes, e.g., SCell activation, measurement for SCell modification, etc. For these functionalities, dedicated indications have been specified in current spec, i.e., SCell activation command via MAC CE, configured MO via RRC messages, etc. From UE perspective, it will grasp the information about what functionality to execute as it receives these already-defined dedicated indications. Then, the rest of the information a UE needs, is SSB-related, i.e., when/where/how to start/stop the on-demand SSB. In a word, it is redundant to specify the purpose/dedicated functionality of the triggered SSB within the NW indication of the on-demand SSB. The information within NW indication should be related to the SSB itself and no new MAC CE for SCell activation is needed.
Considering the on-demand SSB activation indication, it can be designed w.r.t. the scenarios identified previously. For an SCell which has been configured but not indicated to be activated, or an SCell successfully activated, a new activation can be introduced. The command can be transmitted to the UE via PCell, and the index of triggered SCell should be notified within it. The configuration of the triggered SSB can also be notified. For an SCell which is indicated to be activated, the SCell activation command via MAC CE can be reused to indicate UE that the on-demand SSB is transmitted.
Proposal 6: RAN1 introduces a DL on-demand SSB activation command that contains at least the triggered cell index, and optionally, the configuration index of the triggered SSB, in the scenarios where an SCell has been configured but not indicated to be activated, or an SCell has been successfully activated. 
Proposal 7: The SCell activation command via MAC CE can be reused as the on-demand SSB activation indication when an SCell is indicated to be activated.
Moreover, an on-demand SSB deactivation indication can also be introduced to indicate that the SSB transmission is deactivated for the UE. This is useful and needed in various scenarios, e.g., when the large-bandwidth transmission is fulfilled and there is no data traffic on SCell, the gNB deactivates the SCell. Similar to the procedure of SCell deactivation (via MAC CE or SCellDeactivationTimer), the on-demand SSB deactivation can either act as an explicit command in which the index of target SCell should exist, or a timer-based indication. The timer is set to prevent the case where gNB does not receive UE’s feedback, as discussed above.
Proposal 8: RAN1 introduces an on-demand SSB deactivation indication.
In addition, the on-demand SSB activation/deactivation commands can be transmitted via L1/L2 signaling, in order to facilitate a flexible and prompt indication. If the on-demand SSB activation command contains the configuration of triggered SSB, it is preferable to inform candidate configurations of SSB in time domain to UE via RRC Configuration first. Then, a specific configuration is chosen together with the triggered cell index via L1/L2 signaling upon demand. A new MAC CE, or a new field within DCI, can be the candidates. By such two-stage indication, the simple design of L1/L2 signaling can be maintained, without being overloaded with configuration information. For the deactivation command, a new MAC CE or a new field within DCI can be used to indicate such information and carry the triggered cell index.
Proposal 9: RAN1 to support L1/L2 signaling to carry the DL on-demand SSB activation/deactivation indications, e.g., a new MAC CE or a new field within DCI.
[bookmark: _Ref129681832]
Conclusion
Observation 1: When the SSB is transmitted neither more nor less than what it is demanded for, the NW energy saving gain can be maximized. 

This paper discussed how to design on-demand SSB operation for Scell, with the following proposals:

Proposal 1: On-demand SSB SCell operation should target at least the scenario of "no always-on SSB".
Proposal 2: On-demand SSB SCell operation can support both CD-SSB and NCD-SSB.
Proposal 3: Support the following scenarios for on-demand SCell operation:
· 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)
· Support the case where SCell activation is completed
Proposal 4: The on-demand SSB activation indication shoulddoes not contain information about the future termination/modification of current triggered SSB transmission. 
Proposal 5: Support the combination of Option #2 and #4 in Agreement #5 as follow:
· 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 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 which time instance A can beis defined as the time when a UE receives an on-demand SSB activation indication. Time instance B can beis defined as the time when either a UE receives an on-demand SSB deactivation indication, or a UE receives new on-demand SSB activation indication of which carried information is different with the prior one, or a pre-defined timer has expired.
Proposal 6: RAN1 introduces a DL on-demand SSB activation command that contains at least the triggered cell index, and optionally, the configuration index of the triggered SSB, in the scenarios where an SCell has been configured but not indicated to be activated, or an SCell has been successfully activated. 
Proposal 7: The SCell activation command via MAC CE can be reused as the on-demand SSB activation indication when an SCell is indicated to be activated.
Proposal 8: RAN1 introduces an on-demand SSB deactivation indication.
Proposal 9: RAN1 to support L1/L2 signaling to carry the DL on-demand SSB activation/deactivation indications, e.g., a new MAC CE or a new field within DCI.
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