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1. Introduction
In RAN#102, it has been approved in the Rel-19 Network Energy Saving WID [1] to specify the procedures and signaling method(s) to support on-demand SSB SCell operation for UEs.
	1. [bookmark: _Hlk157431487]Specify procedures and signalling method(s) to support on-demand SSB SCell operation for UEs in connected mode configured with CA, for both intra-/inter-band CA. [RAN1/2/3/4]
· Specify triggering method(s) (select from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signalling)
· Note1: On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation, and is supported for FR1 and FR2 in non-shared spectrum.


In this contribution, we provide our views on the on-demand SSB SCell operation, including the scenarios and potential issues, as well as some possible solutions.
2. [bookmark: _Hlk101275836]Scenarios of On-demand SSB operation in SCell
	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
[bookmark: _Hlk165361669]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
· [bookmark: _Hlk165368644]“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.


[bookmark: _Hlk165368159]In the RAN1#116bis meeting, it was agreed that on-demand SSB can be indicated by gNB for Scenario #2 and Scenario #2A. Meanwhile, Scenario #3A and Scenario #3B will be further studied. The intentions to support on-demand SSB operation in Scenario #2A and Scenario #3A are the same, i.e., shorten the delay of SCell activation procedure. As shown in Figure 1, the difference between Scenario #2A and Scenario #3A lies in that the on-demand SSB indication should be transmitted along with the SCell activation command in the same slot on Scenario #2A, while in Scenario #3A, the on-demand SSB indication could be transmitted after the SCell activation command. From the perspective of delay, Scenario #2A could minimize the delay of the SCell activation procedure by the earlier on-demand SSB indication compared to Scenario #3A. However, in our opinion, whether to send on-demand SSB indication in Scenario #2A or Scenario #3A can depend on network implementation, hence Scenario #3A can also be supported. 
	

[bookmark: _Ref166060301]Figure 1: The Scenario of on-demand SSB operation on SCell


[bookmark: _Ref166092563]Proposal 1：For on-demand SSB SCell operation, it is up to gNB implementation to indicate on-demand SSB in Scenario #2A or Scenario #3A.
[bookmark: _Hlk165368933]While in Scenario #3B, when an SCell is activated, UE would perform synchronization periodically on this SCell to avoid being out of sync. Hence, SSB transmission cannot be shut down when SCell is active. Hence, there should be always-on periodic SSB transmission in Scenario #3B to satisfy the requirement of synchronization and measurement of UE. It can be seen that the motivation to support extra on-demand SSB when SCell is activated is not clear. Hence, It’s preferred not to indicate additional on-demand SSB in this scenario #3B.
[bookmark: _Ref166092566]Proposal 2: For on-demand SSB SCell operation, do not support Scenario #3B, i.e., on-demand SSB should not be indicated by gNB when SCell is activated. 
In the previous meeting, it was proposed by some companies to consider whether the on-demand SSB could be supported by SSB-less SCell.  According to current spec, some SSB related parameters e.g. absoluteFrequencySSB,  ssb-PositionsInBurst, ssb-periodicityServingCell, and subcarrierSpacing are not provided in the SSB-less SCell configuration. Thus UE would obtain timing reference from a reference Cell. However, to support on-demand SSB, these parameters might be used in the SCell configuration. Thus, some spec efforts are needed if these two features are allowed to be enabled at the same time in one SCell. In addition, as analyzed above, the UE in SSB-less SCell could obtain timing reference from a reference Cell. Then the motivation to support on-demand SSB in SSB-less SCell is not clear.
[bookmark: _Ref166092558]Observation 1: Spec effort is needed to support the SSB-less feature and on-demand SSB feature at the same time, and the benefit of supporting on-demand SSB in SSB-less SCell is not clear.
[bookmark: _Ref166092574]Proposal 3: Do not support on-demand SSB in SSB-less SCell. 
3. Limitation of on-demand SSB
	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 


As there are two kinds of SSB, i.e., cell-defining SSB and not cell-defining SSB, the type of on-demand SSB should be determined according to the agreement achieved in the last meeting. 
In our opinion, at least the on-demand SSB can be ‘not CD-SSB’. Because, to accelerate the SCell activation procedure, on-demand SSB transmission without associated SIB#1 can already serve for the L1/L3 measurement purpose. However, there is no need to restrict the on-demand SSB to be ‘not CD-SSB’, gNB should have freedom to set the on-demand SSB to be CD-SSB or ‘not CD-SSB’. For example, for a cell without always-on SSB transmission, when gNB intends to set the SCell to be PCell for other UEs, gNB can trigger on-demand SSB transmission with SIB#1 on this cell. Therefore, it is preferred to support Alt-1 that it is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
[bookmark: _Ref166092569]Proposal 4: For on-demand SSB on the cell, support Alt-1 that it is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
4. L1/L3 measurement and report
	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


[bookmark: _Hlk165390119]In the last meeting, L1 and/or L3 measurement based on on-demand SSB is supported for a cell supporting on-demand SSB SCell operation. In Scenario #2, on-demand SSB could be triggered to transmit on some deactivated SCells to help the UE perform L3 measurement. Then the network could determine which SCell to activate according to the collected measurement results. In addition, on-demand SSB could be indicated to transmit to help UE maintain the known state of the SCell. And the known state requires that UE should send a valid L3 measurement report. Therefore, L3 measurement based on on-demand SSB should be supported in Scenario #2. While in Scenario #2A, UE would perform AGC adjustment and synchronization procedure based on on-demand SSB. Thus L3 measurement should also be supported in Scenario #2A. In addition, UE should report the CSI report to complete the SCell activation procedure. Thus, both L1 measurement and L3 measurement based on on-demand SSB should be supported in Scenario #2A.
[bookmark: _Ref166092571]Proposal 5: L3 measurement based on on-demand SSB should be supported in Scenario #2. Both L1 measurement and L3 measurement based on on-demand SSB should be supported in Scenario #2A.
There are two kinds of report types, i.e., ‘periodical’ and ‘eventTriggered’, to report the measurement result to gNB. In periodical report type, UE would report the measurement result in periodical uplink resources configured by gNB. However, if the report type is set as ‘eventTriggered’, UE is not allowed to report the measurement result when the configured entering condition is not satisfied. Meanwhile, the events defined in legacy are mainly target at the mobility management procedure and determination about whether to perform handover. But the motivation of the measurement based on on-demand SSB transmission in Scenario #2 is for SCell activation, which is different from legacy.   Hence, the configured entering condition in legacy might be difficult to be satisfied during the on-demand SSB SCell operation and UE cannot report the measurement result. As a consequence, neither the network would know which SCell is suitable to activate, nor the SCell could transfer to the known state to shorten the SCell activation delay. This means the energy of both the network and UE would be wasted with the transmission of on-demand SSB, which is contrary to the design of on-demand SSB and should be avoided. Hence, how to solve this problem should be further studied. 
[bookmark: _Ref166092543]Observation 2: UE cannot report the measurement result based on on-demand SSB when the configured threshold is not satisfied if the report configuration is set as ‘event trigger’. 
[bookmark: _Ref166092573]Proposal 6: How to avoid the problem that UE cannot report the measurement result based on on-demand SSB should be further studied.
5. Timing and signalling of On-demand SSB operation
	Agreement
· [bookmark: _Hlk165972549]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)

Agreement
For a cell supporting on-demand SSB SCell operation, further study the following options.
· [bookmark: _Hlk165044993][bookmark: _Hlk166090139][bookmark: _Hlk166090625]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.
· [bookmark: _Hlk166090260][bookmark: _Hlk166091041]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


In the previous meeting, some options for on-demand SSB transmission patterns were introduced. In Option 1, on-demand SSB would be periodically transmitted after triggered. Compared to Option 1, on-demand SSB won’t be transmitted once gNB turns off the on-demand SSB. The network would transmit on-demand SSB within a certain period in Option 2 and Option 3. And in Option 4, there would be two kinds of periodicity of on-demand SSB transmission. Different periodicities are applied in different phases indicated by the network. It can be seen that different options have different transmission modes. Thus, the on-demand SSB transmission option should be selected according to the motivation of on-demand SSB when determining which option applies to different scenarios. 
In Scenario #2, according to the requirement of the known state, the defined conditions should be met during a period before the reception of the SCell activation command. This means SSB could be on-demand triggered to transmit within a certain period of time to satisfy the requirement of a known state as shown in Figure 2. And in other times, SSB transmission could be shut down to save the network energy. In addition, to obtain the measurement results of an SCell, on-demand SSB transmission within a period of time could be enough. Hence, Option 2 and Option 3 are more suitable to apply to Scenario #2. Compared to Option 2, the overhead of indication about the on-demand SSB burst(s) transmission time in Option 3 could be less than that of a location of time instance, thus Option 3 is preferred to applicable to Scenario #2.
	

[bookmark: _Ref166092029]Figure 2: Unknown SCell turns to known SCell based on on-demand SSB


In Scenario #2A, to complete the SCell activation procedure, on-demand SSB is triggered to help UE perform AGC adjustment and synchronization. Since the SCell activation would be completed when UE sends the CSI report, the on-demand SSB could just be transmitted over a period of time as shown in Figure 3, and no extra indication is needed to turn off the transmission. Hence, similar to Scenario #2, the transmission pattern in Option 2 and Option 3 are more suitable. Meanwhile, to reduce the spec effort, a unified design in Scenario #2 and Scenario #2A is preferred. Thus, Option 3 should be the on-demand SSB transmission pattern during the SCell activation procedure.


[bookmark: _Ref166092040]Figure 3: On-demand SSB shortens the delay of the SCell activation procedure
[bookmark: _Ref166092576]Proposal 7: A unified design of on-demand SSB transmission in Scenario #2 and Scenario #2A is preferred.
Proposal 22: For SSB burst(s) indicated by on-demand SSB SCell operation, 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.
No matter which option is selected, on-demand SSB would be transmitted from time instance A. Then how to determine the time instance A should be studied. As the gNB would indicate UE about the transmission of on-demand SSB, the time instance where a processing time T after the slot that UE receives the signalling from gNB indicating the on-demand SSB transmission could be the time instance A. It should be noted that the processing time T is necessary. Otherwise, UE would always miss the first period of on-demand SSB transmission since UE needs processing time to decode the indication signalling. Then the energy of gNB would be wasted. Alternatively, before on-demand SSB transmission, gNB needs to wait for the feedback of UE to ensure that UE is aware of the on-demand SSB transmission. Thus, there would be no misaligning between gNB and UE, and on-demand SSB transmission wouldn’t be meaningless. In this case, time instance A would be a processing time T after the slot where UE transmits HARQ-ACK corresponding to the indication signalling. By contrast, the feedback mechanism could ensure there is no waste of energy at the gNB side, thus it is preferred that time instance A is a processing time T after the slot where UE transmits HARQ-ACK corresponding to the indication signalling.
Furthermore, when the on-demand SSB SCell is not active in Scenario #2 and Scenario #2A, the on-demand SSB transmission indication signalling would be transmitted from an active cell other than the on-demand SSB SCell. Given there may be a timing difference between the active cell and on-demand SSB SCell, the on-demand SSB transmission starting position on on-demand SSB SCell should be further determined based on time instance A. As shown in Figure 4, the starting position on on-demand SSB SCell could be the slot whose starting boundary is overlapping with time instance A. 
	

[bookmark: _Ref166082825]Figure 4: Timing difference between the active cell and on-demand SSB SCell


[bookmark: _Ref166092577]Proposal 8: Time instance A on the active SCell would be a processing time T after the slot where UE transmits HARQ-ACK corresponding to the indication signalling.
[bookmark: _Ref166092578]Proposal 9: The starting position on on-demand SSB SCell is the slot whose starting boundary is overlapping with time instance A.
To indicate on-demand SSB transmission on SCell, the type of signalling, i.e. group common signalling or UE specific signalling should be determined. The advantage of group common signalling is that the overhead of signalling could be saved compared to UE specific signalling. And the SSB transmission on one SCell could be utilized by more than one UE at the same time. However, the SCell activation and SCell measurement operation are both UE specific operations, which means the SSB transmission may be useless for the other UEs receiving the group common signalling. Meanwhile, UE could feedback to the network about whether the on-demand SSB transmission indication signalling is received or not if the signalling is a UE specific signalling. Thus, network could determine whether and when to transmit on-demand SSB according to the feedback, avoiding meaningless on-demand SSB transmission to save energy.  Hence, UE specific signalling is preferred to indicate on-demand SSB transmission.
[bookmark: _Ref166092579]Proposal 10: The on-demand SSB indication signalling should be a UE-specific signalling.
Furthermore, it should be decided that the UE specific signalling should be DCI or MAC CE. The whole procedure of Scenario #2 and Scenario #2A is shown respectively in Figure 5 and Figure 6. It can be seen that each procedure is composed of more than one part. In Scenario #2, after gNB indicates the on-demand SSB transmission, UE should decode the signalling and feedback to the gNB. Then gNB determines the feedback result and prepares to transmit on-demand SSB. When UE finishes the L3 measurement, the measurement report could be generated. In the end, gNB selects one or more SCells to activate according to the reported measurement results from different SCells. Similarly, in Scenario #2A, before on-demand SSB transmission, there would be an indication signalling and corresponding feedback. After UE performs AGC and synchronization based on on-demand SSB, the CSI measurement should be performed and the result should be reported. The time required related to SSB in Scenario #2 and Scenario #2A is shown in Table 1.
	

[bookmark: _Ref166007485]Figure 5: The whole procedure of the on-demand SSB operation in Scenario #2

	

[bookmark: _Ref166007487]Figure 6: The whole procedure of the on-demand SSB operation in Scenario #2A
                                                                                        


It can be seen that the time related to SSB can be reduced remarkably because of the mechanism of on-demand SSB. However, the other parts in Scenario #2 and Scenario #2A may still need dozens of milliseconds. To be specific, the length of K1 in both Scenario #2 and Scenario #2A depends on the retransmission time of indication signalling. K4 in Scenario #2 depends on when the SCell activation command is given by gNB. And the CSI reporting time is up to the configuration of reference signal and the location of the reported resource. Hence, even though adopting DCI as the indication signalling could shorten a few milliseconds compared to MAC CE, the required time of the whole procedure cannot be shortened too much. Therefore, MAC CE is preferred to be selected as the type of indication signalling. 
[bookmark: _Ref166091086]Table 1: The required time related to SSB transmission in Scenario #2 and Scenario #2A
	
	Supposed SSB sample number
	Legacy SSB
	On-demand SSB

	Unknown -> known
	10
	20ms*10= 200ms
	5ms*10= 50ms

	L3 measurement 
	5
	20ms*5= 100ms
	5ms*5= 25ms

	Unknown SCell activation
	4
	20ms*4= 80ms
	5ms*4= 20ms


[bookmark: _Ref166092580]Proposal 11: MAC CE is selected to be the on-demand SSB indication signalling.  
If MAC CE is used as the on-demand SSB indication signalling, there are two possible options. One option is to design separate MAC CE between legacy/existing signalling providing SCell activation/deactivation and signaling providing On-demand SSB transmission indication. Another option is that there is a single MAC CE in which both SCell activation/deactivation and On-demand SSB transmission indication are provided. 
In Scenario #2A, on-demand SSB indication would be transmitted along with the SCell activation command MAC CE. Thus the straightforward method is to adopt the single MAC CE design option, i.e. reuse the SCell activation command MAC CE as the on-demand SSB indication signalling. However, the SCell does not need to be activated or deactivated in Scenario #2, which means that the single signalling design option cannot be applied in Scenario #2. Otherwise, the Scenario #2 cannot be supported. Therefore, at least for Scenario #2, there should be a separate signalling not providing SCell activation/deactivation indication. Furthermore, to minimize the spec effort, a unified design in different scenarios is preferred. Hence, a separate MAC CE should be used to provide the on-demand SSB transmission indication.
[bookmark: _Ref166092583]Proposal 12: A separate MAC CE different from the SCell activation/deactivation MAC CE should be used to provide the on-demand SSB transmission indication.
6. Collision between on-demand SSB transmission and other transmissions 
In legacy, there might be collision between SSB reception and other UL transmissions, e.g. PUSCH, PUCCH or PRACH. UE would not transmit the UL transmission in the slot overlap with SSB reception as shown in below:
	TS 38.213 Clause 11.1
If a UE 
-	is configured with multiple serving cells and is provided with directionalCollisionHandling-r16 = 'enabled' for a set of serving cell(s) among the multiple serving cells, and
-	indicates support of half-DuplexTDD-CA-SameSCS-r16 capability, and 
-	is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,
for a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in a first cell of the multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon or, if the UE is not provided dl-OrJointTCI-StateList, by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, or for a set of symbols of a slot corresponding to SS/PBCH blocks configured for L1 beam measurement/reporting, the UE does not transmit PUSCH, PUCCH, or PRACH in the slot if a transmission would overlap with any symbol from the set of symbols, and the UE does not transmit SRS in the set of symbols of the slot in 
-	any of the multiple serving cells if the UE is not capable of simultaneous transmission and reception as indicated by simultaneousRxTxInterBandCA among the multiple serving cells, and
-	any one of the cells corresponding to the same band as the first cell, irrespective of any capability indicated by simultaneousRxTxInterBandCA.


Similarly, the collision between on-demand SSB and other transmission would still exists. Then how to solve the collision in on-demand SSB operation should also be studied. One possible method is to perform a prioritization procedure between on-demand SSB transmission and other transmissions. Then, the type of transmission, the time pattern of on-demand SSB, and some other elements may all have an impact on the prioritization procedure.     
[bookmark: _Ref166092575]Proposal 13: To support on-demand SSB operation, further discuss the collision between on-demand SSB transmission and other transmissions. 
7. Conclusion
This contribution focuses on the discussion of on-demand SSB for SCell with the following observations and proposals: 
Observation 1: Spec effort is needed to support the SSB-less feature and on-demand SSB feature at the same time, and the benefit of supporting on-demand SSB in SSB-less SCell is not clear.
Observation 2: UE cannot report the measurement result based on on-demand SSB when the configured threshold is not satisfied if the report configuration is set as ‘event trigger’.
Proposal 1：For on-demand SSB SCell operation, it is up to gNB implementation to indicate on-demand SSB in Scenario #2A or Scenario #3A.
Proposal 2: For on-demand SSB SCell operation, do not support Scenario #3B, i.e., on-demand SSB should not be indicated by gNB when SCell is activated.
Proposal 3: Do not support on-demand SSB in SSB-less SCell.
Proposal 4: For on-demand SSB on the cell, support Alt-1 that it is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
Proposal 5: L3 measurement based on on-demand SSB should be supported in Scenario #2 and L1 measurement based on on-demand SSB should be supported in Scenario #2A.
Proposal 6: How to avoid UE cannot report the measurement result based on on-demand SSB should be further studied.
Proposal 7: A unified design of on-demand SSB transmission in Scenario #2 and Scenario #2A is preferred.
Proposal 8: Time instance A on the active SCell would be a processing time T after the slot where UE transmits HARQ-ACK corresponding to the indication signalling.
Proposal 9: The starting position on on-demand SSB SCell is the slot whose starting boundary is overlapping with time instance A.
Proposal 10: The on-demand SSB indication signalling should be a UE-specific signalling.
Proposal 11: MAC CE is selected to be the on-demand SSB indication signalling.
Proposal 12: A separate MAC CE different from the SCell activation/deactivation MAC CE should be used to provide the on-demand SSB transmission indication. 
Proposal 13: To support on-demand SSB operation, further discuss the collision between on-demand SSB transmission and other transmissions. 
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