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Introduction
In RAN#102, a new work item “Enhancements of network energy savings for NR” was agreed [1]. One objective is to support on-demand SSB for SCell operation for UEs in connected mode.
	[bookmark: OLE_LINK1][bookmark: _Hlk162423176]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]
· [bookmark: OLE_LINK12]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 solutions for the procedures and signaling methods to support on-demand SSB for SCell. 
Discussion
[bookmark: OLE_LINK29]Current NR supports activation/deactivation of an SCell based on traffic needs. This is beneficial in terms of energy saving in both UE side and gNB side. An SCell can be deactivated but the configurations are still valid. SSBs are transmitted in the deactivated SCell such that UEs can be sync. to the SCell and ready for data transmission/reception after activation signaling is received. On the other hand, periodically transmitting SSBs in the deactivated SCell (for any UEs) might prevent gNB from going to a deeper sleep mode, which leads to higher power consumption in gNB. 
On-demand SSB transmission can be used to reduce gNB power consumption on SSB transmission. RAN1 has identified two cases for UE assumption of SSB transmission on a cell supporting on-demand SSB SCell, where a first case is that SSBs are not transmitted before on-demand SSBs are triggered while the second case is that before on-demand SSBs are triggered, SSBs are transmitted but maybe e.g., with a long periodicity. RAN1#116 agreed to study both cases. 
	[bookmark: _Hlk165876672]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 


RAN1 also identified multiple scenarios of when on-demand SSB. Figure 1 provides an illustration of the scenarios for on-demand SSB triggering. 


Figure 1 on demand SSB triggering scenarios
	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.


In RAN1#116bis, it was agreed (as in above) that both case #1 and case #2 are supported for scenario #2 and scenario #2A for on-demand SSB triggered by gNB, and FFS for scenario #3A and scenario #3B. From our perspective, we don’t see strong motivation and benefits to support gNB triggered SSB transmission for Scenario #3A and Scenario #3B. On the other hand, on-demand SSBs triggered by UE for at least scenario #3B and case #2 is beneficial of gNB power saving. For example, one method is that a subset of available SSBs is periodically transmitted by the gNB, and UE may trigger the gNB to transmit full set of SSBs if the channel quality measured from SSBs is below a threshold. Another method is that SSBs might be transmitted in a long periodicity in an activated SCell, and UE may trigger short periodicity SSBs for e.g., fast sync. to SCell. 
In general, when gNB transmits SSB of an SCell upon receiving a UE request for on-demand SSB, the gNB may adapt one or more of a SSB transmission pattern (e.g. SSB positions within a 5ms time window, SSB periodicity), a SSB transmit power, or an absolute frequency of SSB including a frequency location of an initial DL BWP (and additionally a frequency location of an initial UL BWP in TDD).
Proposal 1: On-demand SSB of an SCell can be triggered by UE wake up signal/channel for Scenario #3B and Case #2. 
Proposal 2: gNB can adapt one or more of SSB parameters such as transmitted SSBs in a SSB burst and a SSB periodicity for on-demand SSB of an SCell triggered by UE.
Besides, for Scenario 2 and Case #1 (SCell is configured but deactivated, and there are no always-on SSBs), a UE request for on-demand SSB of an SCell would be useful to provide SSBs as needed without delay. To enable a UE request for on-demand SSB of an SCell, a UE may receive an indication that a subset of SSB indices of a PCell (or another serving cell) is spatially associated with the SCell. Since the UE has not received SSBs of the SCell, the UE may not be able to measure the SCell directly. Selecting a SSB index of the subset of SSB indices of the PCell (or another serving cell) for the best SSB implicitly indicates that the UE is within the coverage of the SCell, and the UE may send an event-triggered measurement report to the PCell. That is, a wake-up signal/channel requesting for on-demand SSB of the SCell carries the event-triggered measurement report.
Figure 2 shows an exemplary deployment scenario for energy saving cells with on-demand SSB transmission. Cell 1 is deployed in a first radio frequency (RF) channel, and cells 2-5 are deployed in a second RF channel. SSB 1 – SSB 5 are periodically transmitted in cell 1. UE 1 is in RRC_CONNECTED state and is configured with carrier aggregation such as cell 1 being as a PCell and cell 2 being as an SCell. Further, UE 1 receives information that SSB 1of cell 1 is associated with cell 2. If UE 1 identifies based on cell measurements that SSB 1 of cell 1 is the strongest SSB (e.g. highest RSRP value) among SSB 1– SSB 5 of cell 1 and a measurement value of SSB 1 is less than a threshold value, UE 1 sends a wake-up signal/channel to trigger on-demand SSB transmission in cell 2.  


[bookmark: _Ref158022906]Figure 2 Exemplary deployment scenario for on-demand SSB transmission
[bookmark: OLE_LINK156]Proposal 3: On-demand SSB of an SCell can be triggered by UE wake up signal/channel for Scenario #2 and Case #1. The UE wake-up signal/channel may carry an event-triggered measurement report of a PCell (or another serving cell). 
Regarding the signalling design to support on-demand SSB, it was agreed in RAN1#116bis that one option is to use separate signalling for on-demand SSB indication and SCell activation/deactivation indication, while another option is to use a single signalling to indicate both operations.  
	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 


For scenario #2, since it refers to “SCell is configured to a UE but before the UE receives SCell activation command”, option 1 should be used. The UE could be indicated by a signaling in PCell that on-demand SSBs in a configured SCell are triggered, so that the UE can start to measure the SSBs, perform AGC and sync. to the SCell before receives the SCell activation signaling. This is beneficial in term of latency reduction of SCell activation procedure. The candidate signaling for SSB triggering could be either an MAC CE, a UE specific DCI or a group-common DCI.
For scenario #2A, which refers to “When UE receives SCell activation command”, it is preferred to use option 2 to reduce the SCell activation latency. When the UE receives the SCell activation signaling, it assumes the SSBs are triggered and the UE will then perform AGC and DL sync. to the SCell before data transmission/reception in the SCell activation procedure.
Proposal 4: Support following signalling options to indicate on-demand SSB transmission for Scenario #2 and Scenario #2A,
· For Scenario #2, support option 1 of using a separate signaling to indicate on-demand SSB transmission. 
· For Scenario #2A, support option 2 of using a single signaling to indicate both on-demand SSB transmission and SCell activation/deactivation. 
[bookmark: OLE_LINK21]Regarding how on-demand SSB is transmitted when triggered, including the lifetime of the on-demand SSBs, RAN1#116bis agreed to study following options. 
	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)


For option 1, given that on-demand SSB might be transmitted with a short periodicity for UE fast sync. purpose, always transmitting dense SSBs after time instance A is not desired from network energy saving perspective. Option 1A may require the gNB to transmit a signaling to turn off the on-demand SSB, which is not necessary since the number of SSB bursts for UE sync. can be predefined or configured in the SSB triggering signaling. Additionally, Option 1A has the risk that the UE could miss the turn-off signal, which leads to unnecessary or wrong detection behaviour at the UE, or requires the gNB to transmit multiple turn-off signals to increase the reliability, or the UE acknowledging reception of the turn-off signal – all of which are undesirable in our view. In Option 2, there should be enough number of SSB burst(s) for the UE to perform sync., within the period between time instance A and time instance B i.e., the period should at least contain K SSB burst(s). From this point of view, option 2 might be similar with Option 3 and the difference is how such time period is defined. Option 4 is not that clear to us. If time instance B in this option refers to that when SCell is activated, the SSB bursts after time instance B cannot be treated as triggered but are transmitted accordingly as in legacy.
[bookmark: OLE_LINK158]Proposal 5: Support either option 2 or option 3 for SSB burst(s) triggered by on-demand SSB SCell operation.
· 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: on-demand SSB burst(s) is transmitted N times after time instance A and not transmitted after N on-demand SSB bursts are transmitted. 
Both option 2 and option 3 (and other options) require defining a time instance A, from which the on-demand SSB is assumed to be transmitted. This time instance may be determined depending on which signaling is used for triggering the SSB transmission. For example, if MAC CE is used for the triggering, the time instance A may refer to the existing timing defined for MAC CE based SCell activation, which was specified in TS38.213. While if DCI is used for the triggering, one way is that the timing instance A is determined based on an indication in the DCI. Furthermore, it is assumed that the time occasions for the on-demand SSBs are aligned with legacy, i.e., the SSBs are transmitted in the predefined time positions in a 5 ms half-frame.
Proposal 6: The time instance A from which on-demand SSB is transmitted depends on which signaling (e.g., RRC, MAC CE or DCI) is used for triggering the SSB transmission. 
Proposal 7: UE assume that the time positions of on-demand SSBs are aligned with legacy, i.e., in the predefined time positions in a 5ms half-frame. 

Conclusion
In summary, we have following proposals for on-demand SSB for SCell:
Proposal 1: On-demand SSB of an SCell can be triggered by UE wake up signal/channel for Scenario #3B and Case #2. 
Proposal 2: gNB can adapt one or more of SSB parameters such as transmitted SSBs in a SSB burst and a SSB periodicity for on-demand SSB of an SCell triggered by UE.
Proposal 3: On-demand SSB of an SCell can be triggered by UE wake up signal/channel for Scenario #2 and Case #1. The UE wake-up signal/channel may carry an event-triggered measurement report of a PCell (or another serving cell). 
Proposal 4: Support following signalling options to indicate on-demand SSB transmission for Scenario #2 and Scenario #2A,
· For Scenario #2, support option 1 of using a separate signaling to indicate on-demand SSB transmission. 
· For Scenario #2A, support option 2 of using a single signaling to indicate both on-demand SSB transmission and SCell activation/deactivation. 
Proposal 5: Support either option 2 or option 3 for SSB burst(s) triggered by on-demand SSB SCell operation.
· 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: 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 6: The time instance A from which on-demand SSB is transmitted depends on which signaling (e.g., RRC, MAC CE or DCI) is used for triggering the SSB transmission. 
Proposal 7: UE assume that the time positions of on-demand SSBs are aligned with legacy, i.e., in the predefined time positions in a 5ms half-frame. 
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