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 Introduction
This contribution provides our views on on-demand SSB SCell operation. We will use a terminology OD-SSB for on-demand SSB throughout the tdoc.
 Scenarios and Use Cases 
	<RAN1 #116>
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

<RAN1 #116bis>
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 




Scenario #3A/3B refer to the case where OD-SSB indication message is sent after SCell activation command. Support of Scenario #3A/3B still needs more justification in our point of view. UE cannot start SCell activation process before OD-SSB is received. Then, it is not clear for us why SCell activation command arrives earlier than OD-SSB indication. We suggest to focus on Scenario #2/2A (OD-SSB indication before/when UE receives SCell activation command) while deprioritizing Scenario #3A/3B.

Proposal 1: Prioritize Scenario #2/2A and deprioritize Scenario #3A/3B.

For Case #1 (no always-on SSB) and Case #2 (periodic always-on SSB), we tend to agree the comment from some companies that Case #2 needs to be discussed under objective 3 (SSB time domain adaptation) currently being handled under AI 9.5.3 in order to avoid any duplicated efforts for the same topic.

Proposal 2: Case #2 (periodic always-on SSB) is to be discussed under objective 3 (Adaptation of SSB in time domain).

Barring the legacy UE in IDLE/INACTIVE is necessary in order not to negatively impact to the legacy UE. We think both CD (Cell Defined)-SSB and NCD (Non-Cell Defined)-SSB can be considered for OD-SSB SCell operation. If the value in IE ‘cellBarrd’ in MIB is ‘barred’, the UE does not proceed to decode SIB1 and is barred to the cell. This will help legacy UE effectively barred in IDLE/INACTIVE modes even if OD-SSB is CD-SSB. Therefore, we think OD-SSB does not have to be associated with NCD-SSB.
Proposal 3: Support Alt 1 (It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.)
· The legacy UE can be barred by ‘cellBarred’ IE in MIB by network implementation but Rel-19 UE needs to understand the cell is not barred when UE is configured with OD-SSB SCell operation.

There have been few discussions on use cases of OD-SSB SCell operation. We suggest the following use cases (UCs) for OD-SSB SCell operation.
· UC#1 SCell activation/deactivation for intra/inter-band CA with collocated/non-collocated CA: UE performs RRM measurements using OD-SSB after SCell is configured but before SCell is activated. The network can activate SCell based on RRM measurements.
· UC#2 Handover to the cell which was SCell: UE performs RRM measurements using OD-SSB after SCell is configured but before SCell is activated. The network can handover the UE to the which was SCell.
· UC#3 SSB-less operation for collocated CA: SSB-less operation has been supported up to Rel-18 for collocated CA scenario (intra-band contiguous, intra-band non-contiguous, and FR1 inter-band CA). Time/frequency synchronization and RRM measurement are based on collocated PCell or another collocated SCell. SSB-less SCell is blindly activated and TRS should be transmitted on the SSB-less SCell for time/frequency synchronization. If it turns out the signal quality of the SCell is not enough, the SCell will be deactivated. During this time, UE will unnecessarily consume power by decoding PDCCH and CSI measurements. OD-SSB SCell operation before SCell activation command could prevent the undesirable UE behavior.
· UC#4 SSB-less operation for non-collocated CA: OD-SSB is essential to be supported for this scenario since UE cannot rely on PCell or another SCell for time/frequency synchronization.
· UC#5 OD-SSB transmissions from multiple neighboring cells on the same frequency as SCells: One of use cases of OD-SSB would be that UE is able to perform RRM measurement from multiple cells on the same frequency as SCells which have not transmitted SSB.

Proposal 4: The following use cases (UCs) are considered to support OD-SSB SCell operation.
· UC#1 SCell activation/deactivation for intra/inter-band CA with collocated/non-collocated CA
· UC#2 Handover to the cell which was SCell
· UC#3 SSB-less operation for collocated CA
· UC#4 SSB-less operation for non-collocated CA
· UC#5 OD-SSB transmissions from multiple neighboring cells on the same frequency as SCells
 Signaling for OD-SSB SCell operation 
	<RAN1 #116>
Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE
<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






Figure 1 shows an example of OD-SSB SCell operation. For Case #1 (no always-on SSB), the existing SCell configuration can be reused for OD-SSB configurations (by reinterpreting legacy SSB to OD-SSB), except possible inclusion of candidate values for application time between OD-SSB indication for ON/OFF and OD-SSB ON/OFF time (to be determined by RAN4). On the other hand, for Case #2, a separate signaling would be needed to be differentiated from always-on SSB, e.g.
· OD-SSB configuration for SCell (RRC) containing at least the following:
· OD-SSB transmission pattern (SSB-positionsInBurst-r19 for OD-SSB, periodicity)
· OD-SSB frequency position
· Possibly candidate values for application time between OD-SSB indication for ON/OFF and OD-SSB ON/OFF time (to be determined by RAN4)


Proposal 5:
· For Case #1 (no always-on SSB), there is no need of separate RRC for OD-SSB from SCell configuration.
· Possibly candidate values for application time between OD-SSB indication for ON/OFF and OD-SSB ON/OFF time (to be determined by RAN4)
· For Case #2 (periodic always-on SSB), separate signaling is needed to be differentiated from always-on SSB, e.g.
· OD-SSB transmission pattern (SSB-positionsInBurst-r19 for OD-SSB, periodicity)
· OD-SSB frequency position
· Possibly candidate values for application time between OD-SSB indication for ON/OFF and OD-SSB ON/OFF time (to be determined by RAN4)
· Note: Preferably Case #2 is to be discussed under objective 3 (AI 9.5.3)

As for OD-SSB indication for transmission and termination, we support 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.). At least the following contents can be contained:
· Indication of OD-SSB transmission/termination (MAC-CE)
· Each bit to indicate OD-SSB ON/OFF for each SCell
· ON/OFF information can also refer to not only serving cell(s) but neighboring cell(s) in the same frequency.
· (If multiple application times are configured,) Selected application time between OD-SSB indication and OD-SSB transmission/termination.
· Note: There is no need to combine SCell activation/deactivation command with this new OD-SSB indication into the same MAC-CE since several MAC-CEs can be carried by a PDU (Section 6.1.3 of TS38.321) for Scenario #2A (When UE receives SCell activation command).

Proposal 6:
· As for indication of OD-SSB transmission/termination (MAC-CE)
· Each bit to indicate OD-SSB ON/OFF for each SCell
· ON/OFF information can also refer to not only serving cell(s) but neighboring cell(s) in the same frequency.
· (If multiple application times are configured,) Selected application time between OD-SSB indication and OD-SSB transmission/termination.
· Note: There is no need to combineSCell activation/deactivation command with this new OD-SSB indication into the same MAC-CE since several MAC-CEs can be carried by a PDU (Section 6.1.3 of TS38.321) for Scenario #2A (When UE receives SCell activation command).
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 Signaling for OD-SSB transmission/termination 
	<RAN1 #116bis>
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)



We prefer explicit signaling from the network for OD-SSB operation for transmission and termination. While OD-SSB is being transmitted, no change of SSB burst transmission (e.g. pattern, periodicity) is highly preferred for UE implementation. Any implicit behavior such as predetermined ending time for OD-SSB transmission, N times OD-SSB transmission after OD-SSB indication, etc. is not desirable for us. Therefore, we prefer Option 1A with the following modifications:

Proposal 7: Agree Option 1A for OD-SSB bursts assumed by UE with the following modifications:
· Option 1A: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A until time instance B gNB turns OFF the on demand SSB
· Time instance A is T1 [slots or symbols] after the [slot or symbol] where UE receives a signalling of indication of OD-SSB transmission.
· Time instance B is T2 [slots or symbols] after the [slot or symbol] where UE receives a signaling of indication of OD-SSB termination.
· The value or candidate values of T1 and T2 should consider UE’s preparation time which is up to RAN4.

The signaling for indication of OD-SSB transmission/termination can be realized by:
· Option 1: Group common DCI
· Option 2: MAC-CE (e.g. new MAC-CE or RAR)

As for Option 1 (Group common DCI), there would need to handle the case when UE missed the group common DCI as there is no ACK/NACK feedback. In that sense, Option 2 is more preferred.

Proposal 8: The signaling for indication of OD-SSB transmission/termination is based on MAC-CE. Details are FFS.

 UE triggered OD-SSB SCell Operation 
UE triggered OD-SSB SCell Operation requires to specify WUS (Wake-up Signal). We have found less motivation to support UE triggered OD-SSB SCell Operation. If justified, 
· After UE sends WUS, there is still need from gNB’s confirmation (similar to OD-SSB indication for transmission/termination).
· RACH Msg1 or MAC-CE for WUS is a good starting point.

Proposal 9: If UE triggered OD-SSB SCell operation is justified, the following should be considered:
· After UE sends WUS, there is still need from gNB’s confirmation (similar to OD-SSB indication for transmission/termination).
· RACH Msg1 or MAC-CE for WUS is a good starting point.


Conclusions 
This contribution discusses several aspects on on-demand SSB SCell operation. Our proposals are summarized below.

Proposal 1: Prioritize Scenario #2/2A and deprioritize Scenario #3A/3B.

Proposal 2: Case #2 (periodic always-on SSB) is to be discussed under objective 3 (Adaptation of SSB in time domain).

Proposal 3: Support Alt 1 (It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.)
· The legacy UE can be barred by ‘cellBarred’ IE in MIB by network implementation but Rel-19 UE needs to understand the cell is not barred when UE is configured with OD-SSB SCell operation.

Proposal 4: The following use cases (UCs) are considered to support OD-SSB SCell operation.
· UC#1 SCell activation/deactivation for intra/inter-band CA with collocated/non-collocated CA
· UC#2 Handover to the cell which was SCell
· UC#3 SSB-less operation for collocated CA
· UC#4 SSB-less operation for non-collocated CA
· UC#5 OD-SSB transmissions from multiple neighboring cells on the same frequency as SCells

Proposal 5:
· For Case #1 (no always-on SSB), there is no need of separate RRC for OD-SSB from SCell configuration.
· Possibly candidate values for application time between OD-SSB indication for ON/OFF and OD-SSB ON/OFF time (to be determined by RAN4)
· For Case #2 (periodic always-on SSB), separate signaling is needed to be differentiated from always-on SSB, e.g.
· OD-SSB transmission pattern (SSB-positionsInBurst-r19 for OD-SSB, periodicity)
· OD-SSB frequency position
· Possibly candidate values for application time between OD-SSB indication for ON/OFF and OD-SSB ON/OFF time (to be determined by RAN4)
· Note: Preferably Case #2 is to be discussed under objective 3 (AI 9.5.3)

Proposal 6:
· As for indication of OD-SSB transmission/termination (MAC-CE)
· Each bit to indicate OD-SSB ON/OFF for each SCell
· ON/OFF information can also refer to not only serving cell(s) but neighboring cell(s) in the same frequency.
· (If multiple application times are configured,) Selected application time between OD-SSB indication and OD-SSB transmission/termination.
· Note: There is no need to combineSCell activation/deactivation command with this new OD-SSB indication into the same MAC-CE since several MAC-CEs can be carried by a PDU (Section 6.1.3 of TS38.321) for Scenario #2A (When UE receives SCell activation command).

Proposal 7: Agree Option 1A for OD-SSB bursts assumed by UE with the following modifications:
· Option 1A: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A until time instance B gNB turns OFF the on demand SSB
· Time instance A is T1 [slots or symbols] after the [slot or symbol] where UE receives a signalling of indication of OD-SSB transmission.
· Time instance B is T2 [slots or symbols] after the [slot or symbol] where UE receives a signaling of indication of OD-SSB termination.
· The value or candidate values of T1 and T2 should consider UE’s preparation time which is up to RAN4.

Proposal 8: The signaling for indication of OD-SSB transmission/termination is based on MAC-CE. Details are FFS.

Proposal 9: If UE triggered OD-SSB SCell operation is justified, the following should be considered:
· After UE sends WUS, there is still need from gNB’s confirmation (similar to OD-SSB indication for transmission/termination).
· RACH Msg1 or MAC-CE for WUS is a good starting point.
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