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Introduction
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]In this contribution, we will discuss the scenarios and signaling related to the on-demand SSB SCell operation. And in our companion contribution, we will discuss the issues on-demand SIB1 for idle/inactive mode UEs and adaptation of common signal/channel transmissions in [1][2].
On-demand SSB SCell operation for UEs in connected mode
2.1 Scenarios for on-demand SSB SCell operation
Based on the agreement from RAN1#116, the on-demand SSB SCell operation triggered by gNB is supported. Moreover, regarding the scenarios for on-demand SSB SCell operation triggered by the gNB, the following agreement has been made in RAN1#116-bis meeting. In this section, we would like to discuss on the FFS aspects brought up during the RAN#116-bis meeting. 
	Agreement (RAN1#116bis)
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.


Based on the current understanding from the agreements, the Scenario#2, Scenario#2A and Scenario#3A are depicted in the diagram below, where: 
· For Scenario#2: the on-demand SSB transmission can be triggered by gNB at the time instance T1 (when UE receives SCell activation via RRC message) or during the time period between T1 and T2.
· For Scenario#2A: the on-demand SSB transmission can be triggered by gNB at the time instance T2 (when UE receives SCell activation via MAC CE command).
· For Scenario#3A: the on-demand SSB transmission can be triggered by gNB after the time instance T2 until SCell activation procedure is completed.
· For Scenario#3B: the on-demand SSB transmission can be triggered by gNB after the time instance T3, i.e. after the SCell activation procedure is completed and until SCell remains activated.
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Figure 1: Scenarios and Trigger for on-demand SSB
Based on the agreement in RAN1#116bis, the Scenario#2 and Scenario#2A had been agreed for both Case#1 and Case#2. As indicated in our previous contribution [3], the NW triggering of on-demand SSB transmission with Scenario#2 may benefit to speed up the cell detection and the cell to be known by the UE. And the NW triggering of on-demand SSB transmission in Scenarios#2A can also help to speed up the SCell activation procedure. So far, to our view, the benefit and motivation of utilizing NW triggered on-demand SSB transmission with Scenario#3A and Scenario#3B are still unclear. For Case#2, the always-on SSB are available to the UE post SCell activation, whereas of Case#1 UE might have already received the trigger for on-demand SSB. Thus, before agreeing on supporting these two scenarios, it can be good to firstly identify the benefit and motivation of utilizing NW triggered on-demand SSB transmission with Scenario#3A and Scenario#3B for both Case#1 and Case#2.
Proposal-1: Investigate further the benefit and motivation of utilizing NW triggered on-demand SSB transmission with Scenario#3A and Scenario#3B for both Case#1 and Case#2.
Proposal-2: Prioritize the specification work on Scenario#2 and Scenario#2A for both Case#1 and Case#2.
2.2 Details on signaling for on-demand SSB SCell operation
Regarding the signaling for on-demand SSB SCell operation, the following agreement has been made in RAN1#116bis:
	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


More specifically related to the agreed Scenario#2 and Scenario#2A for Case#1 and Case#2, the Option-2 with single signaling providing both SCell activation/deactivation and on-demand SSB transmission indication can be considered as a starting point. 
· With Option-2 for Scenario#2, the SCell configuration RRC message can be extended to include SCell activation/deactivation information as well as configuration and triggering of on-demand SSB transmission. 
· With Option-2 for Scenario#2A, the SCell activation MAC CE command can be enhanced to include SCell activation/deactivation information as well as configuration and triggering of on-demand SSB transmission.
Moreover, for Scenario#2A, it can also be operated with Option-1, where:
· The configuration of on-demand SSB transmission can be carried in the SCell configuration RRC message, and the gNB utilizes the legacy SCell activation MAC CE command as triggering signal to trigger the transmission of on-demand SSB.
Proposal-3: Regarding signaling for Scenario#2, the RRC message carrying SCell configuration can be enhanced to provide configuration of on-demand SSB and can be also used as the trigger to on-demand SSB transmission.
Proposal-4: Regarding signaling for Scenario#2A, the SCell activation MAC-CE command can be considered as the triggering signaling and being utilized as a reference point of the start of on-demand SSB transmission if the on-demand SSB configuration is already provided by the RRC signaling. Alternatively, the SCell activation MAC-CE can be enhanced to include the configuration for on-demand SSB as well as being utilized as the triggering signal and reference point of the start of on-demand SSB transmission. 
Furthermore, regarding Option-1, there are interests from companies on specifying new dedicated signaling (i.e. DCI-based or MAC CE-based signaling) for providing on-demand SSB indication. Such signaling could provide the flexibility whenever the gNB wants to enable the on-demand SSB transmission. However, to our view, for the agreed Scenario#2 and Scenario#2A, the extension and enhancement of existing SCell configuration message and/or SCell activation signaling seems sufficient for on-demand SSB SCell operation, and it should be prioritized.
Proposal-5: Regarding the signaling for on-demand SSB SCell operation, for the agreed Scenario#2 and Scenario#2A, the extension and enhancement of existing SCell configuration message and/or SCell activation signaling should be prioritized to be specified.
2.3 On timing for on-demand SSB transmission 
Regarding the timing for on-demand SSB transmission, the following agreement has been made in RAN1#116bis with revision of wording (in red) based on RAN1#116 meeting agreement.
	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)


Basically, there are multiple options listed in RAN1#116 agreement. For some use-cases, e.g. Case#1, it may be possible to transmit on-demand SSB periodically from a time instance as indicated in Option 1. Whereas for some cases e.g Case#2, the on-demand SSB bursts may be transmitted for a certain duration, and the transmission can be stopped implicitly, i.e. after NW receiving of UE measurement reporting or in another way the UE may stop monitoring of on-demand SSB transmission after sending the corresponding UE measurement report. And for different UE measurements, the number of required on-demand SSB bursts, N, for measurements can be different. Option 1, Option 2 and Option 3 are supported for further detailed discussions. The value of Instance B and/or N can be configurable via the SCell configuration. The Instance B can also be implicitly derived based on transmission/reception of corresponding UE measurement report.
Proposal-6: Option 1, Option 2 and Option 3 are supported for further detailed discussions. The value of Instance B and/or N and/or Instance A can be configurable via the SCell configuration. The Instance B can also be configurable or implicitly derived based on transmission/reception of corresponding UE measurement report.
Moreover, the options for time instance A were briefly discussed during the previous meeting and some alternatives were proposed in [4] and requires to be further clarified, as shown in below.
	· For SSB burst(s) triggered by on-demand SSB SCell operation, UE expects that on-demand SSB burst(s) is transmitted from time instance A which is determined by one of the followings.
· Alt 1-1: Time instance A is T [slots or symbols] after the [slot or symbol] where UE receives a signalling from gNB to trigger on-demand SSB
· Alt 1-2: Time instance A is T [slots or symbols] after the [slot or symbol] where UE transmits HARQ-ACK corresponding to a signalling from gNB to trigger on-demand SSB
· Alt 2: Time instance A is the [frame or slot or symbol] where gNB indicates/configures with a signalling from gNB to trigger on-demand SSB
· Alt 3-1: Time instance A is the first transmission occasion of on-demand SSB burst T [slots or symbols] after the [slot or symbol] where UE receives a signalling from gNB to trigger on-demand SSB
· The candidate transmission occasions of on-demand SSB burst are provided by gNB in advance.
· Alt 3-2: Time instance A is the first transmission occasion of on-demand SSB burst T [slots or symbols] after the [slot or symbol] where UE transmits HARQ-ACK corresponding to a signalling from gNB to trigger on-demand SSB
· The candidate transmission occasions of on-demand SSB burst are provided by gNB in advance.
· The value of T (≥ 0) in Alts 1-1, 1-2, 3-1, and 3-2 is up to RAN4
· FFS: Details of “the [slot or symbol] where UE receives a signalling from gNB” or “the [slot or symbol] where UE transmits HARQ-ACK corresponding to a signalling from gNB to trigger on-demand SSB”


Our understanding of the different alternatives is captured in the Figure-2. The on-demand SSB is transmitted in the SCell for specific purpose, e.g. to speed up measurements during the SCell activation or detection. There is a trigger that is closely associated with transmission of SSB bursts and there are multiple signalling options still under discussion on how the on-demand SSB is triggered e.g.: the triggering signaling can be via RRC message, MAC-CE command or L1 signalling etc and the trigger signalling may have an impact on the alternative chosen. 
From our perspective, Alt 3-1 or Alt 1-1 is preferable as these may work with more than one types of triggers used. Alt 2 can also be considered when RRC message is utilized as the triggering signaling for on-demand SSB transmission.
The time instance A need not be too far away in time and T can be indicated in slots with reference to the time when trigger signalling was transmitted. 
[image: ]
Figure 2: Start of SSB burst with reference to trigger of on-demand SSB
Observation-1: The time instance when the on-demand SSB burst transmission is started may depend on the signalling used to indicate/trigger on-demand SSB, e.g. RRC, MAC-CE or L1 signalling.
Proposal-7: Alt 3-1 or Alt 1-1 is preferable as these may work with more than one type of triggers used. Alt 2 can be also considered. FFS: the value of starting offset T is included in on-demand-SSB activation signaling.

2.4 Regarding signal type for on-demand SSB transmission 
In RAN1#116bis, the following agreement has been made regarding the SSB type for on-demand SSB transmission:
	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 


To our view, whether cell-defining or non-cell-defining shall be applied for on-demand SSB transmission should be left to the network implementation as indicated in Alt-1. Connected mode UEs do not need cell defining on-demand SSB in the SCell. If the on-demand SSB is transmitted only for short period of time it would be better to use NCD-SSB so that UEs performing initial cell selection do not try to access the cell using the on-demand SSB. However, in some cases on-demand SSB may need to be transmitted long period of time and it should then be up to network to decide if it is NCD-SSB or CD-SSB. 
Proposal-8: Whether on-demand SSB is cell-defining or non-cell-defining should be left to the network implementation.

2.5 On L1 and L3 measurement for on-demand SSB SCell operation 
In RAN1#116bis, the following agreement has been made regarding the L1 and/or L3 measurement for on-demand SSB SCell operation:
	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  


SSB signal in a SCell may be used for various purposes e.g. cell detection, AGC tuning, time and frequency synchronization, L1/L3 measurement and as QCL source. When a cell is configured as SSB-less SCell, i.e. legacy contiguous Intra-band CA scenario with Case#1, the UE may derive the time/frequency synchronization from a primary/reference cell that is contiguous to this SCell. The receive time difference and the power difference between the contiguous carriers can be ensured by the network. 
For the SSB-less SCell operation with co-located FR1 Inter-band CA scenario, the receive time difference (RTD) requirement between the reference cell and SSB-less SCell may not always be fulfilled, even if the UE is reporting its capability of supporting SSB-less SCell operation with co-located Inter-band CA scenario. In this case, the UE measurement on SSB-less SCell cannot be assumed or utilized from the SSB signal from the corresponding reference cell, which means the UE may not be able to operate properly on the SSB-less SCell. 
Currently, network blindly configures the SSB-less SCell to the UE, where the NW does not have the prior-knowledge on whether or not the UE is able to operate properly on the SSB-less SCell with respect to the RTD requirement. Thus, the UE measurements, such as RTD evaluation based on NW triggered on-demand SSB transmission in SSB-less SCell, can be quite important, where the corresponding UE measurement reporting may assist the network decision to configure or not for UE operation in such an SSB-less SCell. 
Observation-2: Practically, for SSB-less SCell operation with co-located FR1 Inter-band CA scenario, the receive time difference (RTD) requirement between the reference cell and SSB-less Scell may not always be fulfilled, even if the UE is reporting its capability of supporting SSB-less SCell operation with co-located Inter-band CA scenario.
Observation-3: Currently the network blindly configures the SSB-less SCell to the UE, where the NW does not have the prior-knowledge of whether or not the UE is able to operate properly on the SSB-less SCell with respect to the RTD requirement.
Observation-4: UE measurements, such as RTD evaluation based on NW triggered on-demand SSB transmission in SSB-less SCell, can be quite important, where the corresponding UE measurement reporting may assist the network decision to configure or not for UE operation in such an SSB-less SCell.
Proposal-9: RAN1 to clarify the motivation of utilizing on-demand SSB before specifying the details on L1 and/or L3 measurement.

Conclusions
In this contribution, we have the following observations and proposals:
Proposal-1: Investigate further the benefit and motivation of utilizing NW triggered on-demand SSB transmission with Scenario#3A and Scenario#3B for both Case#1 and Case#2.
Proposal-2: Prioritize the specification work on Scenario#2 and Scenario#2A for both Case#1 and Case#2.
Proposal-3: Regarding signaling for Scenario#2, the RRC message carrying SCell configuration can be enhanced to provide configuration of on-demand SSB and can be also used as the trigger to on-demand SSB transmission.
Proposal-4: Regarding signaling for Scenario#2A, the SCell activation MAC-CE command can be considered as the triggering signaling and being utilized as a reference point of the start of on-demand SSB transmission if the on-demand SSB configuration is already provided by the RRC signaling. Alternatively, the SCell activation MAC-CE can be enhanced to include the configuration for on-demand SSB as well as being utilized as the triggering signal and reference point of the start of on-demand SSB transmission. 
Proposal-5: Regarding the signaling for on-demand SSB SCell operation, for the agreed Scenario#2 and Scenario#2A, the extension and enhancement of existing SCell configuration message and/or SCell activation signaling should be prioritized to be specified.
Proposal-6: Option 1, Option 2 and Option 3 are supported for further detailed discussions. The value of Instance B and/or N and/or Instance A can be configurable via the SCell configuration. The Instance B can also be configurable or implicitly derived based on transmission/reception of corresponding UE measurement report.
Observation-1: The time instance when the on-demand SSB burst transmission is started may depend on the signalling used to indicate/trigger on-demand SSB, e.g. RRC, MAC-CE or L1 signalling.
Proposal-7: Alt 3-1 or Alt 1-1 is preferable as these may work with more than one type of triggers used. Alt 2 can be also considered. FFS: the value of starting offset T is included in OD-SSB activation signaling.
Proposal-8: Whether on-demand SSB is cell-defining or non-cell-defining should be left to the network implementation.
Observation-2: Practically, for SSB-less SCell operation with co-located FR1 Inter-band CA scenario, the receive time difference (RTD) requirement between the reference cell and SSB-less Scell may not always be fulfilled, even if the UE is reporting its capability of supporting SSB-less SCell operation with co-located Inter-band CA scenario.
Observation-3: Currently the network blindly configures the SSB-less SCell to the UE, where the NW does not have the prior-knowledge of whether or not the UE is able to operate properly on the SSB-less SCell with respect to the RTD requirement.
Observation-4: UE measurements, such as RTD evaluation based on NW triggered on-demand SSB transmission in SSB-less SCell, can be quite important, where the corresponding UE measurement reporting may assist the network decision to configure or not for UE operation in such an SSB-less SCell.
Proposal-9: RAN1 to clarify the motivation of utilizing on-demand SSB before specifying the details on L1 and/or L3 measurement.
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