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Introduction
In RAN1#116-bis meeting, several agreements were achieved related to on-demand SSB SCell operation [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
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)

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


This contribution discusses on-demand SSB SCell operation. Section 2 discusses the scenarios and cases of on-demand SSB SCell operation. Section 3 discusses UE-triggered on-demand SSB SCell operation. Section 4 discusses signalling of on-demand SSB operation. Section 5 discusses TX behaviour of on-demand SSB burst. And section 6 discusses 6	further details of on-demand SSB operation. Finally, section 7 summarizes the proposals with conclusions.
Scenarios and cases of on-demand SSB SCell operation
In RAN1#116-bis meeting, one agreement was achieved related to the scenarios and cases of on-demand SSB SCell operation [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.



Before going to the discussion of use cases and scenarios, we need to first investigate the role of SSB during legacy SCell activation. Figure 1 shows the procedure of current SCell activation for both known SCell case and unknown SCell case. According to [2], SCell activation completes after UE reports a valid CSI. If L3-RSRP has been reported before SCell activation command within a certain period, gNB would acquire UE’s measurement result in advance. When UE receives SCell activation command, it is feasible for gNB to quickly determine the TCI state used for further data transmission. Such SCell is defined as known SCell, which is shown in Figure 1(a). In this case, after receiving SCell activation command, UE would use SSB for fine time tracking. On the other hand, if there is no L3-RSRP report before SCell activation, the SCell is regarded as unknown SCell, as shown in Figure 1(b). After SCell activation command, UE has to perform AGC, synchronization and L1 measurement/report based on SSB. Then gNB actives TCI state for data transmission according to UE’s report. Therefore, larger activation delay is required for the unknown SCell.
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(a) known SCell
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(b) unknown SCell
[bookmark: _Ref162872061]Figure 1: Procedure of current SCell activation
Observation 1: In the current system, after UE receives SCell activation command, for a known SCell, UE acquires SSB for fine time tracking. For an unknown SCell, UE acquires SSB to perform AGC, synchronization and L1 measurement report.

According to the above 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
And the following combinations of scenarios/cases should be further studied:
· FFS: Scenario #3A and Case #1
· FFS: Scenario #3A and Case #2
· FFS: Scenario #3B and Case #1
· FFS: Scenario #3B and Case #2

According to the agreement above, the definitions of scenario #3A and scenario #3B are listed as follows:
· 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”

According to the agreement in RAN1#116, the definitions of case #1 and case #2 are listed as follows:
· Case #1: There is no always-on SSB on the cell.
· Case #2: Always-on SSB is periodically transmitted on the cell.

The combinations of scenario #3A/3B and case #1/2 are shown in the following Figure 2:
· Scenario #3A and Case #1:
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(a) Scenario #3A and Case #1

· Scenario #3A and Case #2:
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(b) Scenario #3A and Case #2

· Scenario #3B and Case #1:
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(c) Scenario #3B and Case #1

· Scenario #3B and Case #2:
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(d) Scenario #3B and Case #2
[bookmark: _Ref165970055]Figure 2: Combinations of scenario #3A/3B and case #1/2

For case#1, as mentioned above, on-demand SSB is naturally required after SCell activation command for AGC, synchronization and L1 measurement. Further, when SCell activation is completed, on-demand SSB is still needed to execute beam recovery in case of beam failure and maintain synchronization for data transmission unless the SCell is deactivated. Hence, the combinations of Scenario #3A/3B and Case #1 should be supported, which are shown in Figure 2 (a) and (c).
For case#2, UE is feasible to report L3-RSRP based on the always-on SSB before SCell activation command. If so, the SCell is a known SCell. But the always-on SSB may be too sparse to perform SCell activation and corresponding procedures. For less activation delay, on-demand SSB is needed after SCell activation command for quick fine time tracking. When SCell activation is completed, always-on SSB is sufficient to maintain synchronization for data transmission. Hence, the combination of Scenario #3A and Case #2 should be supported, which is shown in Figure 2 (b).

Proposal 1: For the identified scenarios and cases (as per RAN1#116 and RAN1#116-bis agreements), on-demand SSB can be triggered by gNB for the following scenarios/cases:
· Scenario #3A and Case #1
· Scenario #3A and Case #2
· Scenario #3B and Case #1

In RAN1#116-bis meeting, one agreement was achieved related to the cells supporting on-demand SSB SCell operation [1].
	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 



According to the above agreement, for a cell supporting on-demand SSB SCell operation, It is up to gNB implementation whether always-on SSB (if transmitted) on the cell is cell-defining SSB or not. Regarding the issue of whether on-demand SSB is cell-defining SSB or not, when an SSB is not associated with an RMSI, the SSB is referred to as a non-Cell Defining SSB (NCD-SSB), which can be used to perform RLM, BFD, and RRM measurements and measurements for RA resource selection inside the active DL BWP when the active BWP does not contain the CD-SSB. The SCell of a UE would be the PCell of another UE. Since on-demand SSB is temporarily transmitted, it should not be used for initial cell search by other UEs.
If the value in IE ‘cellBarrd’ in MIB is set to ‘barred’, the UE does not perform the initial cell search in this SCell. Hence, on-demand SSB can be cell-defining SSB or non-cell-defining SSB if the value in IE ‘cellBarrd’ in MIB is set to ‘barred’for legacy UE in RRC IDLE/INACTIVE states. If the value in IE ‘cellBarrd’ in MIB is not set to ‘barred’ for legacy UE in RRC IDLE/INACTIVE states, on-demand SSB should be limited to non-cell-defining SSB. 
Proposal 2: Regarding whether cell-defining SSB or non-cell-defining SSB applies for on-demand SSB
· If the value in IE ‘cellBarrd’ in MIB is set to ‘barred’ for legacy UE in RRC IDLE/INACTIVE states, on-demand SSB can be cell-defining SSB or non-cell-defining SSB; Otherwise, on-demand SSB should be non-cell-defining SSB

UE-triggered on-demand SSB SCell operation
In this section, we will discuss the on-demand SSB SCell operation triggered by UE and provide the views on the design of UL WUS from existing signal/channel.
In RAN1#116-bis meeting, the following proposal was discussed without reaching the consensus on supporting on-demand SSB SCell operation triggered by UE [3].
	Proposal #5-1 (UE-triggering):
· Support on-demand SSB Scell operation triggered by UE.
· It is up to gNB whether to transmit on-demand SSB after receiving UE’s request.
· FFS on details of UL signalling to trigger on-demand SSB




The following cases were identified where UE has more knowledge than the gNB or UE-triggered on-demand SSB could benefit in [3]:
· UE’s mobility may result in SCell’s low quality (e.g., when its coverage is smaller than PCell’s coverage)
· UE’s UL data arrival which can make SR procedure efficient by utilizing UE-triggered on-demand SSB
· For fast beam recovery in case of beam failure or UE-triggering beam management (as discussed in Rel-19)
· For Rel-18 SSB-less SCell scenario where gNB may not know whether some conditions (e.g., RTD ≤ 3 us) are satisfied at UE side
Therefore, at least for the above cases, on-demand SSB SCell operation triggered by UE should be supported. It is up to gNB whether to transmit on-demand SSB after receiving UE’s request.
Proposal 3: Support on-demand SSB SCell operation triggered by UE.
· If gNB decides to transmit on-demand SSB upon UE’s request, UE will be notified by on-demand SSB transmission indication signaling.

Candidate UL WUS from existing signal/channel
According to the WID [4], in order to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA, the triggering method(s) should be specified. UE uplink wake-up signal (UL WUS) using an existing signal/channel is one of the optional triggering methods.
As mentioned in the WID, the UE UL WUS should use an existing signal/channel, so the new UL WUS should not be introduced. In our view, the candidate existing channels can be PRACH, PUCCH, and PUSCH.
Firstly, PRACH can be used as the UL WUS to trigger on-demand SSB transmission of a SCell. When a UE wants to send PRACH to a cell, it should first obtain downlink synchronization with the cell, but it does not need uplink synchronization with the cell, since the purpose of PRACH is to establish uplink synchronization. The transmission of PUCCH or PUSCH requires both downlink synchronization and uplink synchronization between the UE and the cell to which the UL WUS is sent. In this sense, the requirements in synchronization with the cell which the WUS is sent to are lower for PRACH than that for PUCCH or PUSCH. Hence, PRACH can be sent to either PCell or SCell to be activated as UL WUS to trigger the on-demand SSB transmission of the SCell to be activated.
Secondly, PUCCH or PUSCH can also be used as the UL WUS to trigger on-demand SSB transmission of an SCell. Since the UE is in the RRC_CONNECTED state, it can send the PUCCH or PUSCH to the PCell as UL WUS to trigger the on-demand SSB transmission of the SCell to be activated. The merit of using PUCCH or PUSCH as UL WUS is that it saves the scarce PRACH resources.
Regarding the three candidate existing uplink channels for UL WUS, the transmission time domain and frequency domain resources of these channels should be (pre-)configured by the network, before the UE sends the UL WUS.
Therefore, the candidate existing channels for UL WUS including:
· PRACH on PCell/SCell
· PUCCH on PCell
· PUSCH on PCell
Proposal 4: The following existing channels should be considered as the candidate UE UL WUS to support on-demand SSB SCell operation for UE in connected mode configured with CA.
· PRACH on PCell/SCell
· PUCCH on PCell
· PUSCH on PCell

[bookmark: _Ref157961875]Conditions for UE to send UL WUS
Due to the propagation characteristics of wireless signals, the communication link between a UE in connected mode configured with CA and its serving cells (including PCell and connected SCell) may be blocked by buildings, or the UE may move to the edge of its serving cells during the data communication procedure. Consequently, the channel quality between the UE and its serving cells may significantly degrade. In this case, the BLER of packets will increase significantly and the data transmission rate will decrease significantly. The reliable and effective data transmission services may not be provided to the UE and its data communication requirement cannot be meet. In order to improve the experience of the data communication, the UE can send UL WUS to the PCell or a potential SCell to be activated to trigger on-demand SSB transmission of the SCell to be activated.
As shown in Figure 3, the UE moves to the edge of its serving cells(PCell & SCell 1), and the RSRP/RSRQ/SINR of the communication link between the UE and its serving cells is below a (pre)-configured threshold. Additionally, there is one potential SCell 2 near the UE which can be activated. Then, the UE will send UL WUS to PCell or SCell 2 to trigger on- demand SSB transmission of the SCell 2.
In addition, another possible condition for a UE to send UL WUS to a Cell for triggering on-demand SSB transmission can be that there is uplink data that needs to be transmitted for the UE. When a UE has the requirement of uplink data transmission and cannot be satisfied by current serving cells, it can send UL WUS to trigger a SCell in energy-saving state to send the on-demand SSB and transmit the uplink data in the activated SCell.
Therefore, the conditions for UE to send UL WUS to a Cell for triggering on-demand SSB transmission at least include:
· The channel quality of the communication link between the UE and its serving cells (including PCell and activated SCell(s)) is below a (pre)-configured threshold.
· The metrics of the channel quality can be RSRP, RSRQ and SINR.
· There is uplink data that needs to be transmitted for the UE.
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[bookmark: _Ref157862102]Figure 3: Conditions for UE to send UL WUS
Proposal 5: The conditions for a UE to send UL WUS to a Cell for triggering on-demand SSB transmission at least include:
· The channel quality of the communication link between the UE and its serving cells (including PCell and activated SCell(s)) is below a (pre)-configured threshold.
· The metrics of the channel quality can be RSRP, RSRQ and SINR.
· There is uplink data that needs to be transmitted for the UE.

Which cell the UE sends UL WUS to
When a UE in connected mode configured with CA tries to send UL WUS to trigger a SCell in an energy-saving state to transmit on-demand SSB, it can send the UL WUS to either PCell (Option-1) or SCell to be activated (Option-2), as shown in the following Figure 4.
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[bookmark: _Ref157964298][bookmark: _Ref157964294]Figure 4: Two options for the cells UE can send UL WUS to
Regarding Option-1, it is natural for the UE to send the UL WUS to PCell, since the UE is connected to PCell and has obtained the synchronization with the PCell. 
The UE can send PRACH, PUCCH, or PUSCH as the UL WUS to the PCell without the synchronization issues. However, as mentioned in section 3.2, the condition for UE to send UL WUS may be that the communication link between the UE and its PCell is blocked by buildings or the UE moves to the edge of its PCell, the channel quality between the UE and its PCell may significantly degrade. In this case, the UL WUS sent to PCell may not be received correctly. 
Regarding Option-2, the UE can measure and select a SCell in energy-saving state with satisfactory chancel quality and send the UL WUS to SCell to be activated.
As the UE can obtain downlink synchronization with the SCell to be activated by measuring the sparse SSB sent by the SCell, PRACH can be used as the UL WUS by the UE to wake up the SCell in an energy-saving state. However, since the uplink synchronization between the UE and the SCell to be activated has not yet been achieved, it seems that the UE cannot use PUCCH or PUSCH as UL WUS. By measuring the sparse SSB sent by the SCell, the UE can select the SCell with better channel quality between them, and then send WUS to that SCell for triggering the SCell to send on-demand SSB. In this way, the issue of UL WUS transmission failure due to poor channel quality between PCell and the UE can be avoided. Then the success rate of UL WUS transmission can be ensured by Option-2.
The comparison between Option-1 and Option-2 is shown in the following Table 1, focusing on the aspect of Synchronization conditions, available candidate uplink channels for UL WUS and the quality of communication link.
[bookmark: _Ref158041213]Table 1: Comparison between Option-1 and Option-2 on which cell does UE sends UL WUS to
	Comparison items
	Option-1: PCell
	Option-2: SCell to be activated

	Synchronization conditions
	Both DL and UL synchronization between PCell and UE has been obtained.
	Only DL synchronization between SCell and UE has been obtained

	Available candidate uplink channels for UL WUS
	PRACH, PUCCH, PUSCH
	PRACH

	The quality of communication link
	Maybe poor
	good



Proposal 6: Both of the following options should be supported for the cell UE may send UL WUS to:
· Option-1: PCell (PCell needs to further trigger the on-demand SSB transmission of potential SCell to be activated).
· Option-2: Potential SCell to be activated (SCell may start to send the on-demand SSB after receiving the UL WUS). 
[bookmark: _Ref47295954][bookmark: _Ref60564645]Signalling of on-demand SSB operation
As mentioned above, Scenario#2 and Scenario#2A have both been supported for on-demand SSB triggered by gNB. For Scenario#2A, on-demand SSB, mainly used for SCell time/frequency synchronization, is triggered when UE receives SCell activation command. In this case, it is efficient to design a single signalling to trigger on-demand SSB and activate SCell simultaneously. Therefore, a single signaling in which both SCell activation/deactivation and on-demand SSB transmission indication are provided (Option 2) should be supported. In addition, for Scenario#2, on-demand SSB, used for L1/L3 measurement, is triggered before UE receives SCell activation command. This means the signalling should also be capable of only providing on-demand SSB transmission indication. Correspondingly, information on whether to activate/deactivate SCell simultaneously is needed in the signalling.
Proposal 7: Support a single signaling in which both SCell activation/deactivation and on-demand SSB transmission indication are provided (Option 2).

Regarding to the candidate signaling to trigger on-demand SSB, RRC signaling, MAC-CE and DCI have all been discussed in the last meeting. For the purpose of transmitting or terminating on-demand SSB whenever required by gNB, a relative dynamic signaling is preferred. In NR CSI framework, semi-persistent CSI-RS, which has similar time domain behavior as that of on-demand SSB, is activated/deactivated by MAC-CE. Accordingly, MAC-CE should at least be supported to trigger on-demand SSB. Some enhancements on legacy SCell activation/deactivation MAC-CE may be considered. Compared with MAC-CE, although DCI is more flexible, it needs more spec effort to design a new group-common DCI (since on-demand SSB is cell specific). If MAC-CE is supported, additionally employing DCI to trigger on-demand SSB seems not necessary.
Proposal 8: In Rel-19, MAC-CE should at least be supported to trigger on-demand SSB.

In the current spec, besides using legacy SCell activation/deactivation MAC-CE, SCell could also be activated by RRC signaling. The RRC parameter sCellState in SCellConfig indicates whether the SCell shall be considered to be in activated state upon SCell configuration. For the supportive of Option 2 (a single signaling in which both SCell activation/deactivation and on-demand SSB transmission indication are provided), RRC has to be allowed to trigger on-demand SSB. But such RRC triggering on-demand SSB should be only limited to Scenario#2A. For other scenarios, dynamic signalling is more suitable.
Proposal 9: In Rel-19, RRC triggering on-demand SSB is only limited to Scenario#2A.

To fulfill the coverage requirement, legacy SSB is transmitted in a beam sweeping manner. Since gNB may acquire some prior knowledge of a certain UE’s position, on-demand SSB, which is more UE specific, may be transmitted with only a single beam. In this way, further energy saving gain could be achieved. Correspondingly, indicating the SSB indexes within ssb-PositionsInBurst via the on-demand SSB triggering signalling is preferred. During UE movement, SSB with different beams may be triggered. Moreover, for L1/L3 measurement or SCell activation, different transmission durations of on-demand SSB may be required. If transmission time N of on-demand SSB burst is employed in Rel-19, it should be included in the triggering signaling to adapt the value N to different use cases. The other time domain and frequency domain parameters (e.g. periodicity of on-demand SSB burst, Time offset between triggering signaling transmission and on-demand SSB transmission, ARFCN) should be configured by RRC, since these parameters may not be dynamically changed. Further, legacy SCell activation/deactivation MAC-CE could activate/deactivate multiple SCells in a single signalling. This mechanism should be maintained in Rel-19 for less signalling overhead. Correspondingly, indicating on-demand SSB transmission for multiple SCells has to be supported in the same signalling.
Proposal 10: The following contents need to be included in the signalling that triggers on-demand SSB:
· SSB indexes within ssb-PositionsInBurst 
· Transmission time N of on-demand SSB burst, if supported
· On-demand SSB transmission for multiple SCells
TX behavior of on-demand SSB burst
In the last meeting, five options for SSB burst transmission have been proposed. From the perspective of energy saving, when SCell is deactivated, on-demand SSB should be terminated correspondingly. In the last meeting, it was agreed that for Case#1, once on-demand SSB is triggered, its transmission is in a periodic manner. But this does not imply periodic on-demand SSB is transmitted indefinitely after triggered. Correspondingly, periodical-like SSB transmission without termination (e.g. Option 1 and Option 4) should be avoided.

Proposal 11: For SSB burst(s) indicated by on-demand SSB SCell operation, the following options are preferred for further study:
· 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.

The time instance A for SSB burst transmission relates to the application timing between NW triggering message and on-demand SSB transmission. In the last meeting, four alternatives on time instance A determination have been proposed [3]:
	[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”



For Alt 1-1/1-2 and Alt 2, the beginning of on-demand SSB transmission depends on the time instance of the on-demand SSB triggering signalling. The advantage is to trigger on-demand SSB more quickly. But on-demand SSB transmission may happen at any time, which results in dynamic rate matching and increases the possibility of collision with other signals/channels. In our opinion, similar as legacy SSB configuration for SCell, on-demand SSB should be configured for each SCell by RRC. This implies that potential positions of SSB bursts in the time domain have been pre-configured. Therefore, Alt 3-1/3-2 is more preferred to overcome the above issues with its semi-static configuration. Further, if DCI is used as on-demand SSB triggering signaling, due to the robustness of PDCCH, gNB doesn’t have to wait HARQ-ACK before on-demand SSB transmission. But, if MAC-CE is supported as on-demand SSB triggering signaling, HARQ-ACK for MAC-CE receiving seems necessary before on-demand SSB transmission. Otherwise, if UE misses the triggering signaling, on-demand SSB transmission by gNB becomes useless. In this way, as illustrated by Figure 5, when UE receives the triggering signalling and sends corresponding HARQ-ACK information, a timing offset is needed for UE to processing the signalling. After that, gNB would transmit on-demand SSB from the first potential SSB burst, which corresponds to time instance A.

[image: ]
[bookmark: _Ref162813423]Figure 5: Application timing between NW triggering message (if MAC-CE is supported) and on-demand SSB transmission

Proposal 12: For SSB burst(s) triggered by on-demand SSB SCell operation, if MAC-CE is supported as the triggering signalling, UE expects that on-demand SSB burst(s) is transmitted from time instance A determined by 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 termination of on-demand SSB should also be known by the UE to avoid blind SSB detection. Instead of explicit indication of Option 1A and Option 3, Option 2 provides a way of implicit indication, which obviously saves the signalling overhead. For Option 2, the time instance B could be associated with predefined SSB termination event(s). This means, on-demand SSB would be terminated when the associated event happens. Referring to the usage of SSB during the current SCell activation procedure analyzed above, several candidate termination events may be considered. For example, when valid CSI is reported for SCell activation, which means the SCell activation is completed, on–demand SSB could then be terminated (shown in Figure 6(a)). Or when legacy SCell deactivation MAC-CE is received, on-demand SSB is simultaneously turned off (shown in Figure 6(b)). 
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[bookmark: _Ref162813439]Figure 6: Time instance B for SSB burst transmission Option 2
Proposal 13: For SSB burst transmission, the time instance B could be associated with predefined SSB termination events.

Further details on on-demand SSB operation
In the last meeting, L1 and/or L3 measurement based on on-demand SSB was supported for the cell, which is helpful to ensure the quality of the SCell to be activated. In our opinion, L3 measurement is preferred to be discussed by RAN2/4, since L3 report is sent to CU instead of DU, while RAN1 should focus on L1 measurement only. 
Proposal 14: For L1 and/or L3 measurement based on on-demand SSB, RAN1 should focus on L1 measurement while let RAN2/RAN4 take the lead on the requirement for L3 measurement.

SS-RSRP, SS-RSRQ and SS-SINR measurement have been defined for SSB based measurement. SS-RSRP, SS-RSRQ measurements are used for cell selection, cell reselection, power control calculations, mobility procedures and beam management. SS-SINR measurements are be used for connected mode mobility procedures and beam management. These measurements can be generated and reported at both Layer I and Layer 3. For example, a UE can provide SS-RSRP measurements at Layer I when sending Channel State Information (CSI) to the gNB. Alternatively, the UE can provide SS-RSRP measurements at Layer 3 when sending an RRC. A UE is configured to report Layer l SS-RSRP if reportQuantity within CSI-ReportConfig is set to ssb-Index-RSRP. For SS-RSRQ, SS-SINR and layer 3 SS-RSRP measurements, SS/PBCH Block Measurement Timing Configuration (SMTC) configuration is used. Measurement and report based on on-demand SSB can reuse these legacy procedures.
For L1 measurement, legacy CSI framework can be used to configure additional measurements. According to current CSI framework, each Reporting Setting (i.e., CSI-ReportConfig) is associated with a CSI Resource Setting (i.e., CSI-ResourceConfig) for channel measurement. If the CSI-RS Resources within the CSI Resource Setting are semi-persistent, the time domain behavior of the Reporting Setting can be aperiodic (using PUSCH) or semi-persistent (using PUCCH, and DCI activated PUSCH). Since the TX behaviour of on-demand SSB burst is similar to that of semi-persistent CSI-RS, both semi-persistent report and aperiodic report could be considered for on-demand SSB. 

In legacy system, semi-persistent CSI-RS is activated by SP CSI-RS activation MAC-CE. When semi-persistent CSI on PUCCH is required, SP CSI reporting on PUCCH activation MAC-CE is used to activate the CSI report. When semi-persistent CSI on PUSCH is required, DCI scrambled by SP-CSI-RNTI would be used to trigger the CSI report. In addition, if aperiodic CSI is expected, the report is triggered by DCI with CSI request field. Such mechanism could be applied to L1 measurement based on on-demand SSB. As shown in Figure 7, on-demand SSB transmission on SCell is activated by on-demand SSB triggering signaling mentioned in section 4, and its associated L1 reporting setting configured in PCell is triggered by another L1 report triggering signalling. The L1 report triggering signaling could be MAC-CE or DCI depending on whether the reported is carried by PUCCH or PUSCH.
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[bookmark: _Ref166246311]Figure 7: L1 measurement/report based on on-demand SSB

Proposal 15: For L1 measurement/report based on on-demand SSB, legacy SS-RSRP, SS-RSRQ, SS-SINR procedure can be reused. CSI framework can be used to configure additional measurement.
Proposal 16: Both semi-persistent report and aperiodic report could be considered for on-demand SSB.

On-demand SSB triggering signalling may use the legacy SCell activation/deactivation MAC-CE (shown in Figure 8) as a starting point. In Figure 8, Ci indicates the activation/deactivation status of the SCell with SCellIndex i. The Ci field is set to 1 to indicate that the SCell with SCellIndex i shall be activated. The Ci field is set to 0 to indicate that the SCell with SCellIndex i shall be deactivated. However, there is some difference for on-demand SSB activation. Assume the Ci field is set to 1 to indicate that on-demand SSB shall be activated for the SCell with SCellIndex i. When two on-demand SSB triggering signallings with Ci field set to 1 are received successively, UE has to differentiate whether a new on-demand SSB transmission is activated (shown in Figure 9(b)) or just keeps the former on-demand SSB transmission (shown in Figure 9(a)). The solution depends on whether to allow multiple activated on-demand SSBs being effective at the same time for a cell. Considering the purpose of on-demand SSB, from UE’s perspective, only a single on-demand SSB is allowed to be activated at a period of time. 


[bookmark: _Ref162813342]Figure 8: SCell Activation/Deactivation MAC CE of four octets
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[bookmark: _Ref162813372]Figure 9: SSB transmission with two successive on-demand SSB triggering signallings

Proposal 17: From UE’s perspective, multiple activated on-demand SSBs being effective at the same time for a cell should not be allowed.

Conclusions
In this contribution, we discuss on-demand SSB SCell operation, and give the following observation and proposals:
Observation 1: In the current system, after UE receives SCell activation command, for a known SCell, UE acquires SSB for fine time tracking. For an unknown SCell, UE acquires SSB to perform AGC, synchronization and L1 measurement report.
Proposal 1: For the identified scenarios and cases (as per RAN1#116 and RAN1#116-bis agreements), on-demand SSB can be triggered by gNB for the following scenarios/cases:
· Scenario #3A and Case #1
· Scenario #3A and Case #2
· Scenario #3B and Case #1
Proposal 2: Regarding whether cell-defining SSB or non-cell-defining SSB applies for on-demand SSB
· If the value in IE ‘cellBarrd’ in MIB is set to ‘barred’ for legacy UE in RRC IDLE/INACTIVE states, on-demand SSB can be cell-defining SSB or non-cell-defining SSB; Otherwise, on-demand SSB should be non-cell-defining SSB
Proposal 3: Support on-demand SSB SCell operation triggered by UE.
· If gNB decides to transmit on-demand SSB upon UE’s request, UE will be notified by on-demand SSB transmission indication signaling.
Proposal 4: The following existing channels should be considered as the candidate UE UL WUS to support on-demand SSB SCell operation for UE in connected mode configured with CA.
· PRACH on PCell/SCell
· PUCCH on PCell
· PUSCH on PCell
Proposal 5: The conditions for a UE to send UL WUS to a Cell for triggering on-demand SSB transmission at least include:
· The channel quality of the communication link between the UE and its serving cells (including PCell and activated SCell(s)) is below a (pre)-configured threshold.
· The metrics of the channel quality can be RSRP, RSRQ and SINR.
· There is uplink data that needs to be transmitted for the UE.
Proposal 6: Both of the following options should be supported for the cell UE may send UL WUS to:
· Option-1: PCell (PCell needs to further trigger the on-demand SSB transmission of potential SCell to be activated).
· Option-2: Potential SCell to be activated (SCell may start to send the on-demand SSB after receiving the UL WUS). 
Proposal 7: Support a single signaling in which both SCell activation/deactivation and on-demand SSB transmission indication are provided (Option 2).
Proposal 8: In Rel-19, MAC-CE should at least be supported to trigger on-demand SSB.
Proposal 9: In Rel-19, RRC triggering on-demand SSB is only limited to Scenario#2A.
Proposal 10: The following contents need to be included in the signalling that triggers on-demand SSB:
· SSB indexes within ssb-PositionsInBurst 
· Transmission time N of on-demand SSB burst, if supported
· On-demand SSB transmission for multiple SCells
Proposal 11: For SSB burst(s) indicated by on-demand SSB SCell operation, the following options are preferred for further study:
· 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.
Proposal 12: For SSB burst(s) triggered by on-demand SSB SCell operation, if MAC-CE is supported as the triggering signalling, UE expects that on-demand SSB burst(s) is transmitted from time instance A determined by 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
Proposal 13: For SSB burst transmission, the time instance B could be associated with predefined SSB termination events.
Proposal 14: For L1 and/or L3 measurement based on on-demand SSB, RAN1 should focus on L1 measurement while let RAN2/RAN4 take the lead on the requirement for L3 measurement.
Proposal 15: For L1 measurement/report based on on-demand SSB, legacy SS-RSRP, SS-RSRQ, SS-SINR procedure can be reused. CSI framework can be used to configure additional measurement.
Proposal 16: Both semi-persistent report and aperiodic report could be considered for on-demand SSB.
Proposal 17: From UE’s perspective, multiple activated on-demand SSBs being effective at the same time for a cell should not be allowed.
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