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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we discuss the details of on-demand SSB SCell operation, including the scenarios for on-demand SSB, on-demand SSB for measurement, transmission timing of the triggered on-demand SSB and indication for on-demand SSB activation and deactivation.

[bookmark: _Ref158191957]Scenarios for on-demand SSB 
Regarding the scenario/cases of on-demand SSB, the following agreement was achieved in the last meeting.
	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.



Regarding an SCell which has been configured to a UE, various SCell management activities can be made, including modification, activation, deactivation, removal, and dormancy. SSB is important for the SCell management activities. For on-demand SSB SCell operation, below two scenarios are examined in the cases of always-on SSB being absent (Case #1) or present (Case #2).
· Scenario #3A and Case #1: This scenario refers to “After UE receives SCell activation command (e.g., as defined in TS 38.321) until SCell activation is completed”. To support SCell activation, on-demand SSB either can be triggered before UE receives an SCell activation command so that valid SSB-based measurement ahead can expedite the SCell activation, or can be triggered when UE receives an SCell activation command. Regarding the scenario where on-demand SSB is triggered after UE receives SCell activation command, UE may leverage the triggered SSB for SCell activation procedure. However, there is no additional NES gain, nor could it bring other profits (e.g., SCell activation acceleration) compared to Scenario #2 and #2A (as agreed already). 
· Scenario #3A and Case #2: Besides maintaining the functionalities of neighbor cell measurement or initial access for other UEs, always-on SSB also can serve as the QCL-source for TRS, which facilitates the Rel-17 fast SCell activation. gNB may also trigger on-demand SSB at any time if it is further needed for the SCell activation. Therefore, Scenario #3A and Case #2 can be supported.
Regarding Scenario #3B, it refers to “When SCell activation is completed and SCell is activated” or “After SCell activation is completed and SCell is activated”.
· Scenario #3B and Case #1: During this period, SSB can serve the functionalities of maintaining DL sync, performing measurement and beam management. On-demand SSB can be turned ON/OFF dynamically when there exist needs for functionalities above or not. 
· Scenario #3B and Case #2: Similar to Scenario #2, always-on SSB can exist after an SCell is activated, and on-demand SSB can also be triggered.
[bookmark: _Hlk165394878]The following proposal can be made:
Proposal 1: [bookmark: _Hlk165529335]Support that on-demand SSB SCell operation can be triggered by gNB in
-	Scenario #3A and Case #2
-	Scenario #3B and Case #1
-	Scenario #3B and Case #2

Regarding the discussion for CD-/NCD-SSB, the following agreement was achieved in the last meeting.
	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, down select 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


The main differences between CD- and NCD-SSB are shown in Table 1 below.
[bookmark: _Ref165381024]Table 1: Difference between CD-SSB and NCD-SSB 
	Category
	CD-SSB
	NCD-SSB

	Relationship with SI
	The MIB indicates that a CORESET for Type0-PDCCH CSS set is present.
	The MIB indicates that a CORESET for Type0-PDCCH CSS set is not present.

	Relationship with Sync Raster
	Must be located on the synchronization raster when the serving cell is a PCell.
	Not specified. It can be on or off the synchronization raster based on implementation.



Obsevation 1:  The main differences between CD-/NCD-SSB, as summarized in the Table 1, are:
-	CORESET for Type0-PDCCH CSS set is present (i.e., SIB1 and its scheduling DCIs) for CD-SSB and not present for NCD-SSB. 
-	CD-SSB must be located on the synchronization raster when the serving cell is a PCell, and not restricted otherwise. NCD-SSB can be located either on or off the synchronization raster based on implementation.
Therefore, whether to restrict on-demand SSB being NCD-SSB can be analyzed from the two perspectives above. First, since SCell operation does not require SSB to provide RMSI (consequently, CORESET for Type0-PDCCH CSS set is not required), both CD- and NCD-SSB can be used as on-demand SSB. Second, whether on or off the synchronization raster is not associated with the SCell operations, in which the frequency information is provided via RRC reconfiguration. On the other hand, in some scenarios where the cell can also function as a PCell, NW can even trigger an on-demand CD-SSB with periodicity of 20ms on sync raster to facilitate legacy UE’s accessing. In a word, there is no strong necessity to restrict the on-demand SSB being NCD-SSB. NW can be provided with more flexibility to decide whether on-demand SSB is CD- or NCD-SSB.
Proposal 2: For on-demand SSB on the cell, support Alt-1, i.e., it is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
In current spec, the time domain feature of NCD-SSB can be configured according to RRC IE: NonCellDefiningSSB [[endnoteRef:2]]. NW should configure only periodicities that are larger than the one of serving cell's CD-SSB. If applying so when using NCD-SSB as on-demand SSB, the configuration flexibility of on-demand SSB is deteriorated, and consequently the performance is worsened, e.g., in Scenario #2A and Case #2, an on-demand NCD-SSB with dense periodicity cannot be used for fast SCell activation if the always-on SSB is a long-periodicity CD-SSB. It is recommended that RAN1 should discuss on-demand SSB properties specific to SCell operation. For instance, legacy restrictions should not prevent NCD-SSB from fulfilling Rel-19 on-demand SSB functionalities, and there should be no restriction on the periodicity between on-demand NCD-SSB and other SSBs (if exist) on the cell. [2: [] 3GPP TS 38.331, “Radio Resource Control (RRC) protocol specification”, V18.1.0, March, 2024.] 

Proposal 3: RAN1 to discuss proper on-demand SSB periodicities that can be beneficial to SCell activation/deactivation.

Details of On-demand SSB for SCell operation 
Regarding on-demand SSB on measurement, the following agreement was achieved in the last meeting.
	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 based measurements or CSI-RS based measurements are essential for gNB’s decision making (scheduling, mobility, handover, SCell additions in CA, etc.). SSB based measurements can be categorized into beam-level L1 measurement and cell-level L3 measurement. In current spec, NW provides L1/L3 measurement configuration on a serving cell via dedicated RRC messages.
· Regarding L1 measurements, NW may configure a UE to use SSBs as indicated in RRC messages. Then the L1 measurements reports can be scheduled in periodic, semi-persistent or aperiodic manner.
· Regarding L3 measurement, the RRC configuration contains parameters including Measurement Objects (MO) (a measurement object defines e.g. the carrier frequency to be monitored), reporting configuration (defines the reporting criteria), quantity configurations (for filtering), measurement gaps, if needed (periods that UE may perform measurements in), etc. By extracting the period, offset and duration of a measurement gap from RRC IE: MeasGapConfig, and extracting the period, offset and duration of SS/PBCH Block measurement timing configuration (SMTC) from RRC IE: MeasObjectNR, the UE knows exactly when to monitor SSB for measurements. The L3 measurement report can be scheduled in event-based or periodic manner.
In general, two general aspects for L1/L3 measurement need to be considered. One is measurement of the configured or activated serving cell, and the other is measurement of neighboring cells in a mobility scenario like SCell change. 
On one hand, UE needs to perform L1/L3 measurement on the serving cell itself. When SCell is configured but before activated, L3 measurement can be operated for quality detection of the SCell. When UE receives the on-demand SSB transmission indication, UE can perform measurement and reporting as legacy based on the measurement configuration. During SCell activation procedure, L3 measurement (e.g., AGC settling) and L1 measurement are essential to obtain accurate time/frequency synchronization, which can also follow legacy mechanism. After SCell is activated, both L1 and L3 measurement are needed to maintain the radio link stability. The NW can firstly perform L1 measurement based on CSI-RS and then determine when to trigger the on-demand SSB based on the CSI-RS measurement result. On-demand SSB can serve multiple functionalities, including BFR, T/F sync, etc., and the requirements of L1/L3 measurement for each functionality may also follow legacy mechanism. 
Proposal 4: On-demand SSB-based L1/L3 measurement procedure on configured or activated SCell can follow legacy procedure.

On the other hand, from mobility perspective, in current spec, UE can measure the signal quality of the neighboring cells to determine whether SCell change is needed. When on-demand SSB-based L3 measurement is applied on neighboring cell, the measurement requirements should be defined and more specific details can be up to RAN4 discussion.
Proposal 5: Measurement requirements of on-demand SSB-based L3 measurement on neighbour cells for SCell change needs to be discussed in RAN4.

Transmission timing of the indicated on-demand SSB 
Regarding the UE expectation of on-demand SSB, the following agreement was updated in the last meeting.
	Agreement
The following agreement from RAN1#116 is modified (in red)
· For SSB burst(s) indicated 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, gNB should be able to both start/modify/stop the on-demand SSB based on its need and indicate UEs its on-demand SSB transmission status. At least two aspects should be covered: activation indication (triggering of the SSB transmission by gNB) and deactivation indication (stopping of the SSB transmission by gNB). Two separate 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 should at least include the configuration of the triggered SSB. Hence, we propose:
Proposal 6: Support the options that can cover on-demand SSB activation/deactivation indication (i.e., Option 2 and 4). Meanwhile, further discuss the details of the definition of time instances A and B. 

In the last meeting, discussion was initiated with respect to the definition of time instant A. 
	[Active] Proposal #4-1b (Time instance A):
· 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”


Regarding Alt 1-1, when UE receives the triggering signaling from gNB, a timing offset is needed for UE to process the signaling, which could be defined depending on the message type (i.e., RRC, MAC CE, DCI,) that carries the indication. Therefore, Alt 1-1 can be adopted.
[image: ]
Figure 1: Illustration for Alt 1-1
The difference between Alt 1-1 and Alt 1-2 is the beginning time of the time offset T. In our view, there is no need for UE to wait for HARQ-ACK transmission timing if signaling indicating on-demand SSB is active is successfully decoded. Otherwise, if on-demand SSB signaling is not received correctly, the UE will feedback NACK information to gNB and multiple re-transmissions might happen before finally a HQAR-ACK could be sent. In this case, if the slot/symbol where UE transmits HARQ-ACK is served as the beginning of T, UE will wait for a long time to detect the SSB burst considering the re-transmission delay. Essentially, if UE does not receive correctly the gNB signaling, and the UE does not do what the gNB expects on the on-demand SSB transmission while the gNB will know that later either by the reception of HARQ-NACK or by no reports from the UE. Therefore, it is unnecessary to wait for HARQ-ACK transmission timing.
[image: ]
Figure 2: Illustration for Alt 1-2
Regarding Alt 2, a timing offset is needed for UE to process the signaling. Otherwise, UE will miss some SSB bursts. Therefore, Alt 2 can be deprioritized.
[image: ]
Figure 3: Illustration for Alt 2
Regarding Alt 3-1, considering the on-demand SSB needs to be pre-configured for each SCell by RRC, the potential SSB transmission occasion in time domain can be obtained by UE in advance. Therefore, UE would expect that the SSB burst will be transmitted in the first candidate SSB occasion after the timing offset T. Alt 3-1 can be adopted.
[image: ]
Figure 4: Illustration for Alt 3-1
Regarding Alt 3-2, similar to the above analysis in Alt 1-2, it is unnecessary to wait for HARQ-ACK transmission timing.
[image: ]
Figure 5: Illustration for Alt 3-2
Proposal 7: Regarding the definition of time instance A, Alt 1-1 and Alt 3-1 are more preferred.

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 (i.e., on-demand SSB is modified), 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.

Proposal 8: The time instance B to 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 signaling for on-demand SSB activation and deactivation
The following agreement was achieved in the last meeting.
	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


Generally, gNB can indicate on-demand SSB transmission to UEs via the following signaling/commands.
· RRC based activation/deactivation indication 
In current spec, an SCell can be activated simultaneously with the SCell configuration when the parameter sCellState is set to be activated. Similarly, on-demand SSB transmission can also be indicated when an SCell is indicated as activated as soon as configured. In this case, single RRC signaling indicating both SCell activation/deactivation state and on-demand SSB transmission state is to be adopted, and new RRC parameter to enable this functionality need further discussion.
· MAC CE based activation/deactivation indication 
SCell activation can also be indicated via MAC CE. After an SCell is configured, gNB can send MAC CE to trigger the SCell activation/deactivation. In this case (Scenario #2A), when the MAC CE is signaled, SSB transmission may be required due to the need for synchronization/measurement on the SCell. Therefore, gNB needs to inform UE whether SSB will be transmitted on the SCell. One possible design is to introduce an enhanced SCell activation MAC CE (i.e., option 2 in the above agreement), indicating whether a particular SCell needs to be activated and also whether on-demand SSB is transmitted on it. More detailed enhanced MAC CE signaling design can be up to RAN2. Another way is to introduce a separate signaling for on-demand SSB transmission indication via MAC CE (i.e., option 1 in the above agreement) to ensure synchronization/measurement in each phase of SCell.
· DCI based activation/deactivation indication 
To provide more flexibility and reduce the signaling delay, DCI signaling can also be considered to indicate SCell activation/deactivation and/or on-demand SSB transmission. For example, when an SCell is configured to a UE but before the UE receives SCell activation command, gNB can indicate UE the on-demand SSB transmission via DCI signaling for measurement, which means separate signaling for on-demand SSB indication and SCell activation.
Based on above analysis, we have the following proposal:
Proposal 9: Support both of separate signalling or single signalling indication via RRC, MAC CE or DCI.
· Details of new RRC parameters and enhanced MAC CE design can be up to RAN2. 
Moreover, an on-demand SSB deactivation indication can be introduced to indicate that the SSB transmission is deactivated for 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 the SCell, 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 (particularly, SCell deactivation MAC CE can be reused if on-demand SSB transmission is deactivated after an SCell is deactivated, or DCI signaling), 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 10: For the introduction of on-demand SSB deactivation indication, RAN1 to consider 
1) new MAC CE
2) new RRC signalling
3) new DCI signalling
4) timer based
[bookmark: _Ref129681832]
Conclusion
This paper discussed how to design on-demand SSB operation for SCell, with the following observation/proposals:
Obsevation 1: The main differences between CD-/NCD-SSB, as summarized in the Table 1, are:
-	CORESET for Type0-PDCCH CSS set is present (i.e., SIB1 and its scheduling DCIs) for CD-SSB and not present for NCD-SSB. 
-	CD-SSB must be located on the synchronization raster when the serving cell is a PCell, and not restricted otherwise. NCD-SSB can be located either on or off the synchronization raster based on implementation.

Proposal 1: Support that on-demand SSB SCell operation can be triggered by gNB in
-	Scenario #3A and Case #2
-	Scenario #3B and Case #1
-	Scenario #3B and Case #2
Proposal 2: For on-demand SSB on the cell, support Alt-1, i.e., it is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
Proposal 3: RAN1 to discuss proper on-demand SSB periodicities that can be beneficial to SCell activation/deactivation.
Proposal 4: On-demand SSB-based L1/L3 measurement procedure on configured or activated SCell can follow legacy procedure.
Proposal 5: Measurement requirements of on-demand SSB-based L3 measurement on neighbour cells for SCell change needs to be discussed in RAN4.
Proposal 6: Support the options that can cover on-demand SSB activation/deactivation indication (i.e., Option 2 and 4). Meanwhile, further discuss the details of the definition of time instances A and B. 
Proposal 7: Regarding the definition of time instance A, Alt 1-1 and Alt 3-1 are more preferred.
Proposal 8: The time instance B to 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.
Proposal 9: Support both of separate signalling or single signalling indication via RRC, MAC CE or DCI.
· Details of new RRC parameters and enhanced MAC CE design can be up to RAN2. 
Proposal 10: For the introduction of on-demand SSB deactivation indication, RAN1 to consider 
1) new MAC CE
2) new RRC signalling
3) new DCI signalling
4) timer based
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