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Introduction
[bookmark: _Hlk134110406]It has been agreed to specify on-demand SSB for intra/inter-band CA for R19 NES. The corresponding objective is given as follows [1]:
	1. Specify procedures and signaling 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 signaling)
· 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 considerations on on-demand SSB SCell operation.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
[bookmark: _Hlk161669899]2.1 Scenarios
RAN1 has discussed the scenarios for on-demand SSB. Apart from Scenario 1 (before SCell is configured), other scenarios are not excluded yet:
	Agreement @ RAN1#116bis
For the identified scenarios and cases (as per RAN1#116 agreement), on-demand SSB can be triggered by gNB at least for the following scenarios/cases:
· Scenario #2 and Case #1
· Scenario #2 and Case #2
· Scenario #2A and Case #1
· Scenario #2A and Case #2
· FFS: Scenario #3A and Case #1
· FFS: Scenario #3A and Case #2
· FFS: Scenario #3B and Case #1
· FFS: Scenario #3B and Case #2
· For Case #1, once on-demand SSB is triggered, its transmission is in a periodic manner.
· Note: This does not imply periodic on-demand SSB is transmitted indefinitely after triggered.
· Notes:
· Scenario #2A refers to
· “When UE receives SCell activation command (e.g., as defined in TS 38.321)”
· One signal 
· 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.


[image: ]
Figure 1. Overviews of scenarios
· Before SCell activation (Scenario #2): RAN1 has agreed that both Case #1 and Case #2 are allowed. The motivation for on-demand SSB for both cases are quite clear from our perspective.
· Scenario #2 and Case #1: the on-demand SSB transmission can be used for L3 measurement reporting, based on the report the network can decide whether to activate the SCell or not to avoid blind activation.
· Scenario #2 and Case #2: the on-demand SSB transmission with a short periodicity can be used for fast L1/L3 measurements, AGC setting, DL synchronisation before SCell activation. 
· The use case for triggering on-demand SSB could be the PCell cannot satisfy the traffic demand of the UE and the network needs to select an SCell to be activated based on UE reported measurement results, and it is up to network implementation to trigger this procedure based on the buffer status.
· Upon SCell activation (Scenario #2A): RAN1 has agreed that both Case #1 and Case #2 are allowed. 
· The motivation for on-demand SSB is also straightforward. In both Case #1 and Case #2, the on-demand SSB transmission can be used for cell search, L1/L3 measurements, AGC setting, DL synchronisation. The NES gain for Case #1 is larger, but Case #2 also brings the benefits of SCell activation acceleration.
· During SCell activation (Scenario #3A): It is FFS whether this scenario is supported, and with Case #1 or Case #2. 
· Scenario #3A and Case #1: 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). Therefore, we do not see the necessity to support the scenario where on-demand SSB is triggered after UE receives SCell activation command.
· Scenario #3A and Case #2: Besides maintaining the functionalities of neighbour 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.
· After SCell activation (Scenario #3B): It is FFS whether this scenario is supported, and with Case #1 or Case #2. 
· The motivation for on-demand SSB after SCell activation needs to be further investigated. In legacy mechanism, after SCell activation, SSB is transmitted with a proper periodicity for DL synchronization tracking and L1/L3 measurements. If on-demand SSB is applied to this phase, it needs to be figured out under which cases the SSB can be muted and under which condition the on-demand SSB should be triggered. Since RAN1 is having parallel discussion on this, we can wait for further RAN1 progress on this scenario.
Proposal 1: RAN2 starts discussion from Scenario #2 (before a configured SCell is activated) and Scenario #2A (upon activating a configured SCell) in combination with Case #1 (no always-on SSB) and Case #2 (always-on SSB). The FFS parts of Scenario #3A and Scenario #3B wait for further RAN1 progress.
There are two related issues on scenario clarification:
· Issue 1: whether on-demand SSB operation applies to CD-SSB or NCD-SSB
· Issue 2: whether to consider combining the R15/R18 SSB-less and on-demand SSB
	Agreement @ RAN1#116bis
· 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 


On Issue 1, RAN1 has discussed the corresponding issues with two alternatives, and we think there is no need to restrict the SSB type from the high layer perspective. There could be concerns on impacting legacy UEs, for instance, if an NCD-SSB serves as SCell for a R19 NES UE while serving as PCell for a legacy UE, the on-demand operation may affect the legacy UEs as well. However, there are some implementation methods to avoid such case, for instance, handover can be used to offload RRC_CONNECTED UEs to other cells and cell bar can be used to offload RRC_IDLE/INACTVE UEs to other cells, or TAC in SIB1 can be absent so that this cell cannot serve as PCell (it is captured in the field description of trackingAreaCode that “The absence of the field indicates that the cell only supports PSCell/SCell functionality (per PLMN) or is an NTN cell.”).
On Issue 2, it has been agreed in RAN1 #116 that “RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.” The CA scenarios include both the intra/inter-band CA satisfying SSB-less operation requirements and the CA scenarios not satisfying the SSB-less operation requirements. Actually the CA scenarios not satisfying the SSB-less operation requirements would achieve more benefits from the on-demand SSB operation, while the CA scenarios satisfying the SSB-less operation requirements can simply omit the SSB transmission on the corresponding SCell and only benefit from on-demand SSB in corner cases like when the reference cell is deactivated (it has been agreed by RAN4 that the reference cell should be activated [2]). 
Proposal 2: It is up to network implementation to apply on-demand SSB operation to CD-SSB or NCD-SSB.
2.2 Configuration and signaling
In the WID, three possible triggering method are listed for consideration, UE UL WUS, cell on/off indication via backhaul, and SCell activation/deactivation signalling. They can be categorized into UE-triggered and NW-triggered.
From our perspective, the cell on/off indication via backhaul is more of RAN3 expertise. In R18, RAN3 already introduced inter-node beam activation over F1 and Xn interface, and gNB-CU can request gNB-DU to activate certain SSB beams by indicating the SSB index, and it could be evaluated whether this can be used for on-demand SSB triggering over the F1 interface.
	--cite from TS 38.423 v18.0.0
[bookmark: _Hlk134443082]If the SSBs within the cell to be Activated List IE is included in the Cells to be Activated List Item IE within the gNB-CU CONFIGURATION UPDATE message, the gNB-DU shall, if supported, only activate those SSB beams indicated by the SSB Index IE. 


Proposal 3: It is up to RAN3 to decide on the cell on/off indication via backhual.
In RAN1#116 meeting, RAN1 agreed to support NW-triggered on-demand SSB:
	Agreement@RAN1#116
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE


The remaining issue is whether UE-triggered on-demand SSB needs to be supported in addition. In our understanding, the NW-triggered method is enough, considering the gNB can already obtain the BSR reporting from the UE to determine the UL buffer status, and the gNB is always in control of the DL data scheduling, it is unclear in which use case the triggering cannot be performed by the NW and can only be performed by the UE. Based on the agreed scenario#2 and scenario#2A, UE triggered method is not supported since the motivation is not clear.
Proposal 4: UE-triggered on-demand SSB is not supported at least for Scenario #2 and Scenario #2A.
With the introduction of on-demand SSB, the SSB transmission status should be known to the UE. It could be achieved by UE blind detection or explicit indication from the network. From UE power saving perspective, it is preferred that the network explicitly indicates whether SSB is transmitted to the UE, and some SSB-related UE behaviours can be adjusted (e.g. SSB-based RRM measurements, SSB-based BFD). For example, when configuring the SCell, NW can indicate the initial SSB transmission state of the SCell, e.g., broadcast or not broadcast. Hence, UE can know the state of the SCell and can adjust the measurement or the synchronization behaviour based on the initial indication of SCell SSB transmission status.
Proposal 5: The initial SSB transmission state is indicated to the UE explicitly.
In RAN1#116bis meeting, RAN1 agree to further study the indication signal. The indication signal means that the action the gNB inform the UE about the status of OD-SSB:
	Agreement@RAN1#116bis
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


Regarding the indication signalling design for on-demand SSB, we think MAC CE is an appropriate option. In current spec, the SCell activation/deactivation signaling is based on MAC CE, and this MAC CE can be reused if on-demand SSB is only supported during the SCell activation (i.e. Scenario #2A). For Scenario #2 (i.e. on-demand SSB before SCell activation), a new MAC CE is needed, and in this case, it would be better to have a unified solution for Scenario #2 and Scenario #2A. The RRC signalling is not preferred since it is less flexible compared with MAC CE and introduces larger delay. As for the DCI, it is up to RAN1’s discussion and the issue on reliability (e.g. confirmation of the L1 signaling) should be considered. 
Proposal 6: Introduce a new MAC CE to indicate the on-demand SSB transmission, for both Scenario #2 and Scenario #2A.
Conclusion
[bookmark: OLE_LINK3]In this contribution, we discussed on-demand SSB for intra/inter-band CA, and propose the following:
Proposal 1: RAN2 starts discussion from Scenario #2 (before a configured SCell is activated) and Scenario #2A (upon activating a configured SCell) in combination with Case #1 (no always-on SSB) and Case #2 (always-on SSB). The FFS parts of Scenario #3A and Scenario #3B wait for further RAN1 progress.
Proposal 2: It is up to network implementation to apply on-demand SSB operation to CD-SSB or NCD-SSB.
Proposal 3: It is up to RAN3 to decide on the cell on/off indication via backhual.
Proposal 4: UE-triggered on-demand SSB is not supported at least for Scenario #2 and Scenario #2A.
Proposal 5: The initial SSB transmission state is indicated to the UE explicitly.
Proposal 6: Introduce a new MAC CE to indicate the on-demand SSB transmission, for both Scenario #2 and Scenario #2A.
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