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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, solutions for the procedures and signaling methods to support on-demand SSB for SCell are provided. 
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. 
To reduce gNB power consumption, it was agreed in RAN1#116 to consider two cases regarding the UE assumption on SSB transmission in SCell before SCell is activated. The first case is that SSB is not transmitted while the second case is that SSB is transmitted but may be with long periodicity.
	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 


Case #1 can achieve more energy saving than case #2. Besides, the UE may not need to measure the SSBs and sync. to a deactivated SCell since the triggering command for on-demand SSB is sent from PCell. Therefore, we think from UE point of view, when an SCell is configured, the UE may assume that SSB is not transmitted on the SCell before on-demand SSB is triggered. 
[bookmark: OLE_LINK19]Proposal 1: Before on-demand SSB is triggered in SCell, UE may assume that periodic SSBs are not transmitted in the deactivated SCell.
Regarding the scenarios for on-demand SSB SCell operation, RAN1 has following agreements,
	Agreement
For the following identified scenarios for on-demand SSB SCell operation, focus future RAN1 discussion to down-select (both may be selected) between the two scenarios.
· Scenario #2: SCell is configured to a UE but before the UE receives SCell activation command (e.g., as defined in TS 38.321)
· Scenario #3: After UE receives SCell activation command (e.g., as defined in TS 38.321)
· This does not preclude SCell for which activation is completed
· FFS: The case where SCell activation is completed
FFS: Application timing between NW triggering message and on demand SSB transmission


Figure 1 provides an illustration on on-demand SSB triggering in Scenario #2 and Scenario #3. 


Figure 1 on demand SSB triggering in Scenario #2 and Scenario #3
In Scenario #2, 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. When SCell activation signaling is received, the UE may already finish such operations that are prerequisite for data transmission/reception in the SCell. Therefore, 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. It is noted here if using UE specific signaling for SSB triggering, the signaling may also trigger the activation of the SCell, which contributes lower latency of SCell activation and network energy saving. That is also to say, separate SCell activation signaling may not be needed in this case.  
[bookmark: OLE_LINK23]Proposal 2: On-demand SSB can be triggered for a configured SCell before UE receives SCell activation command (i.e., Scenario #2). The triggering is from gNB and the candidate signalings for the triggering can be a MAC CE, a UE specific DCI or a group-common DCI. 
For Scenario #3, two sub-scenarios can be identified, where one sub-scenario corresponds to the phase before SCell activation is completed. To reduce SCell activation latency in this sub-scenario, one solution is that the on-demand SSBs of an SCell are triggered by the SCell activation signaling and no separate and dedicated signaling is needed for SSB triggering (as in Figure 1). 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. Compared with scenario #2, this sub-scenario of Scenario #3 does not need separate signaling for SSB triggering. Besides, it may be applicable for the case when the gNB cannot predict the arrival of the traffic of a UE thus cannot trigger the SSB transmission before SCell activation. 
Proposal 3: On-demand SSB of a configured SCell can be triggered by the SCell activation signaling. No separate signaling is needed for SSB triggering after UE receives the activation signaling (and before SCell activation is completed). 
Another sub-scenario of scenario #3 corresponds to the phase after SCell activation is completed. To achieve network energy saving in this sub-scenario, one method is that a subset of available SSBs is transmitted by the gNB. UE may trigger full set of SSBs to be transmitted 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 in order for e.g., fast sync. to SCell. One can observe that both methods require UE triggered on-demand SSB transmission. 
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).
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][bookmark: OLE_LINK17]Proposal 4: On-demand SSB of an SCell can be triggered by UE wake up signal/channel, and the UE wake-up signal/channel may carry an event-triggered measurement report of a PCell (or another serving cell). The triggering happens for the cases e.g., triggering a full set of SSB transmission or triggering short periodicity SSB transmission. 
It is observed that on demand SSB triggered by the UE somehow falls within the scope of AI 9.5.3 for SSB adaption. Therefore, the related discussion can be in AI 9.5.3.  
[bookmark: OLE_LINK157]Proposal 5: On-demand SSB triggered by UE can be discussed in AI 9.5.3.
[bookmark: OLE_LINK21]Regarding how on-demand SSB is transmitted when triggered, including the lifetime of the on-demand SSBs, quite a few options are listed in RAN1 agreements for further study.
	Agreement
· For SSB burst(s) triggered 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)


All the options require to define 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. 
Proposal 6: The time instance A from which on-demand SSB is transmitted depends on which signaling is used for triggering the SSB transmission. 
1. If it is an MAC CE, the time instance A may refer to the timing defined for SCell activation. 
1. If the signaling is a DCI, the time instance A may be determined based on an indication in the DCI. 
In the following we give short analysis on each option. 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 from our understanding since the number of SSB bursts for UE sync. can be predefined or configured in the SSB triggering signaling. 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. 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 7: 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. 
For option 2 and option 3, following the solutions in observation 1, the time instance A might be determined within or outside of a period that is predefined for an SSB burst transmission. This might be a factor impacting the time instance B determination in option 2 and the value N definition in option 3. One principle here is that the time period for SSB burst(s) transmission should guarantee that it contains enough number of full set of SSBs (i.e., defined by ssb-PositionsInBurst) that meets the requirements AGC and DL sync. 
[bookmark: OLE_LINK22]Proposal 8: A set of full set of SSBs (i.e., defined by ssb-PositionsInBurst) are transmitted upon triggered,
· For option 2, there should be at least K full set of SSBs transmitted within the time period between time instance A and time instance B, which fulfils AGC and DL sync. requirements. 
· For option 3, the value N is defined in terms of number of full set of SSBs.    

Conclusion
In summary, we have following proposals for on-demand SSB for SCell:
Proposal 1: Before on-demand SSB is triggered in SCell, UE may assume that periodic SSBs are not transmitted in the deactivated SCell.
Proposal 2: On-demand SSB can be triggered for a configured SCell before UE receives SCell activation command (i.e., Scenario #2). The triggering is from gNB and the candidate signalings for the triggering can be a MAC CE, a UE specific DCI or a group-common DCI. 
Proposal 3: On-demand SSB of a configured SCell can be triggered by the SCell activation signaling. No separate signaling is needed for SSB triggering after UE receives the activation signaling (and before SCell activation is completed). 
Proposal 4: On-demand SSB of an SCell can be triggered by UE wake up signal/channel, and the UE wake-up signal/channel may carry an event-triggered measurement report of a PCell (or another serving cell). The triggering happens for the cases e.g., triggering a full set of SSB transmission or triggering short periodicity SSB transmission. 
Proposal 5: On-demand SSB triggered by UE can be discussed in AI 9.5.3.
[bookmark: OLE_LINK169]Proposal 6: The time instance A from which on-demand SSB is transmitted depends on which signaling is used for triggering the SSB transmission. 
· If it is an MAC CE, the time instance A may refer to the timing defined for SCell activation. 
· If the signaling is a DCI, the time instance A may be determined based on an indication in the DCI. 
Proposal 7: 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 8: A set of full set of SSBs (i.e., defined by ssb-PositionsInBurst) are transmitted upon triggered.
· For option 2, there should be at least K full set of SSBs transmitted within the time period between time instance A and time instance B, which fulfils AGC and DL sync. requirements. 
· For option 3, the value N is defined in terms of number of full set of SSBs.    
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