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Introduction
In RAN#102, the WID for Rel.19 Network energy saving has been approved [1].  According to the WID, one of the objectives is to specify procedures and signaling methods to support on-demand SSB SCell operation.
	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 present some discussions on on-demand SSB SCell operation in the following aspects, scenarios, triggering timing and transmission of on-demand SSB, candidates of triggering methods.
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Scenarios of on-demand SSB SCell operation
According to the evaluation conducted during the SI phase of Rel.18 network energy savings [2], it was verified that SSB-less SCell operation is beneficial for BS energy saving gain, especially with zero or low load conditions. SSB-less SCell for intra-band CA has already been supported from Rel.15, and SSB-less SCell for inter-band CA is currently specified by RAN4 in Rel.18. However, the latter is limited to the scenario for FR1 and collocated cells. In other scenarios where SSB-less cannot be applied, such as non-collocated cells or FR2, on-demand SSB is a promising solution to reduce unnecessary power consumption resulting from always-on periodical SSB transmission, while ensuring requirements for SCell operation are met. 
Proposal 1. On-demand SSB SCell operation can be applied for the scenarios where SSB-less operation is not feasible to obtain power saving gain via omitting SSB transmission, while ensuring SCell operation.

Triggering methods of on-demand SSB
Before discussing the triggering methods for on-demand SSB, it is important to address the following two aspects:
1. When on-demand SSB can be used
2. How the on-demand SSB is transmitted
Triggering timing of on-demand SSB
To identify when on-demand SSB can be used, we can consider the different functionalities that SSB serves at different stages of SCell operation. There are four stages to consider.
· Stage 1: Before SCell addition
During this stage, basically, SSB transmission can be stopped to let the cell enter deep sleep for energy saving. On the other hand, SSB based measurement results of the neighbor cells can assist the gNB to make proper decision regarding SCell addidion. Therefore, when the gNB requires measurement results, on-demand SSB can be triggered for the UE to perform intra /inter-frequency measurement. 
· Stage 2: After SCell addition and before SCell activation
This stage is similar as stage 1. The cell can be in SSB-less operation for BS energy saving and on-demand SSB can be trigger if the gNB requires measurement reports to decide the suitable SCell to be activated. 
· Stage 3: At SCell activation
At this stage, SSB is used for SCell activation such as AGC adjustment, time/frequency synchronization and DL beam alignment. In Rel.17, if the UE has sent a valid measurement report of the SCell, A-TRS can be utilized for the above measurements required for SCell activation. However, if the UE has not measured the SCell or if the measurement report is outdated, SSB is still required. In this case, on-demand SSB can be considered.
· Stage 4: After SCell is activated
For this stage, periodic SSB transmission is typically necessary for RRM measurement, beam tracking, etc. Meanwhile, considering that DL/UL transmissions on SCell take place at this stage, the network energy saving gain by omitting SSB transmission becomes small.  Therefore, it is more efficient to resume to continuous periodic SSB transmission rather than using on-demand SSB. 
Proposal 2. On-demand SSB can be triggered in the following stages for SCell operation
· Before SCell addition
· On-demand SSB can be used for measurements of candidates for SCell addition
· After SCell addition and before SCell activation
· On-demand SSB can be used for measurements of candidates for SCell activation
· At SCell activation
· On-demand SSB can be used for SCell activation

Transmission of on-demand SSB
Regarding how the on-demand SSB is transmitted, it involves two aspects: the transmission scheme for SSB bursts and SSB pattern within a SSB burst. 
(1) Transmission scheme for SSB bursts
The following two transmission schemes can be considered.
· Scheme 1. Periodic transmission scheme
An example of periodic transmission scheme is shown in Figure 1 where, after being triggered, the on-demand SSB is transmitted with a (pre-)configured periodicity. The SSB transmission can be stopped upon an explicit indication, or after a (pre-)configured duration of time or a (pre-)configured number of transmissions. 
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Figure 1. An example of periodic on-demand SSB transmission
As discussed in section 2.2.1, the on-demand SSB can be utilized for obtaining measurement reports at the stages prior to SCell activation, i.e. the stage before SCell configuration as well as the stage after SCell configuration and before SCell activation. For the measurement reports, L3 filtered measurement results are typically needed as such results can avoid the ping-pong effect by removing the effect of fast fading. In this case, periodic transmission of SSB is required for acquiring L3 measurements.      
Observation 1. During the stages prior to SCell activation, periodic transmission of on-demand SSB is necessary for performing L3 measurement.

· Scheme 2. Aperiodic transmission scheme
Figure 2 illustrates an example of aperiodic transmission of on-demand SSB, where the transmission starts after a (pre-)configured time offset after the triggering signaling. One aperiodic transmission may contain multiple SSB bursts to make sure the SSB reception performance for cell edge Ues.  For this case, a time gap between SSB bursts can be (pre-)configured. 
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Figure 2. An example of aperiodic on-demand SSB transmission
As discussed in section 2.2.1, if the UE has not taken measurement of the SCell or if previous measurement results are outdated when gNB decides to activate the SCell, on-demand SSB can be triggered for necessary SCell activation measurement such as AGC adjustment, synchronization and beam management. In this case, aperiodic transmission of on-demand SSB is more desirable than periodic transmission, as it can shorten the time required for SCell activation.   
Observation 2. During the SCell activation stage, supporting aperiodic SSB transmission is beneficial to enable faster SCell activation.
Proposal 3. Both periodic and aperiodic transmission schemes can be considered for on-demand SSB. 

(2) SSB pattern
In multi-beam operation, SSBs associated with different transmission beams are transmitted with a beam-sweeping pattern. In the legacy beam sweeping pattern, there are several symbol gaps between consecutive SSB beams. In RAN#102, a compact SSB pattern that removes the time gap between consecutive SSB beams was proposed by some companies. An example of the compact SSB pattern is shown in Figure 3. Such compact pattern can reduce the necessary transmission time for an SSB burst, thereby providing more sleep time for the cell. However, it has high spec impact and requires lots of specification effort.  Besides, it increases UE complexity. Rel.19 Ues, which are capable of receiving the compact SSB pattern, need to implement two SSB reception mechanisms: one for legacy SSB pattern and another for the new compact SSB pattern. Similarly, the complexity at gNB side also increases.  
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Figure 3. An example of compact SSB pattern
Proposal 4. Modification of SSB pattern or SSB structure is deprioritized for Rel.19 on-demand SSB.

Candidates for triggering methods
According to the WID, the triggering methods need to be selected from the following three methods: 
· Cell on/off indication via backhaul
· UE uplink wake-up-signal using an existing signal/channel
· SCell activation/deactivation signaling
Regarding cell on/off indication, it can be used for the PCell to inform the SCell to start or stop on-demand SSB transmission. Alternatively, it can also be used for the SCell to notify the PCell about when on-demand SSB transmission will start or stop. The discussion of this indication should be handled by RAN3. 
Observation 3. The cell on/off indication via backhaul can be used to exchange the start or stop timing of the on-demand SSB transmission between cells. It should be discussed in RAN3.

As for the UE uplink wake-up-signal, the use case is not quite clear yet. The condition for UE to transmit uplink wake-up-signal may be that UL traffic arrives and the UL resource is not sufficient such that adding SCell for UL transmission is required. However, given that the UE is connected to the PCell, UE can use legacy mechanism to inform the gNB that the more UL resources are required, such as SR or BSR. 
Proposal 5. For UE uplink wake-up-signal, useful use case(s) need to be identified first.  

Regarding the SCell activation/deactivation signaling, it is straightforward that it can be used to trigger on-demand SSB during SCell activation stage. Aside from that, for the stages prior to SCell activation, as discussed in section 2.2.1, on-demand SSB can be considered for performing measurement on the cell that is in energy-saving mode. This assists gNB in making decision on SCell configuration or SCell activation. While legacy measurement initiates/terminates upon measurement object addition configuration or SCell addition configuration, the measurement based on on-demand SSB needs an explicit indication to inform UE to start performing measurement.  To this end, the SCell activation/deactivation signaling can also be utilized. 
Proposal 6. SCell activation/deactivation signaling can be used to indicate UE about on-demand SSB transmission in the following stages of SCell operation.
· In the stages prior to SCell activation, SCell activation/deactivation signaling can be used to indicate UE to start/stop performing measurement on on-demand SSB.
· During the SCell activation stage, SCell activation/deactivation signaling can be used to indicate UE to start SCell activation procedure based on on-demand SSB or start deactivation procedure.

Speaking of the specific signaling design, the legacy RRC signaling or MAC-CE used to indicate SCell activation/deactivation can be considered as the starting point. Taking the RRC signaling as an example, the SCell configuration includes SSB measurement configuration such as periodicity and offset, and a RRC parameter (sCellState) was introduced in Rel.16 to indicate the activation/deactivation state of a SCell. As for MAC-CE, an enhanced SCell activation/deactivation MAC-CE for fast SCell activation was supported in Rel.17. It signals the transmission of the corresponding A-TRS is activated or not, while indicating the activation of the SCell. Similarly, the SCell and associated on-demand SSB transmission can be activated by RRC configuration or by MAC-CE. 
Furthermore, all the aforementioned legacy signaling methods are UE-specific. Considering that on-demand SSB is transmitted in a broadcast manner, group-common L1 signaling, that has the benefit of reducing signaling overhead, can also be considered. 
Proposal 7. The following signaling can be considered for Rel.19 SCell activation/deactivation signaling.
· RRC
· Details should be discussed by RAN2.
· MAC-CE
· The Rel.17 enhanced SCell activation/deactivation MAC-CE can be considered as the starting point.
· Details should be discussed by RAN2.
· Group-common DCI
· FFS details.

Conclusions
In this contribution, we discussed the procedure and signaling methods to support on-demand SSB SCell operation. The following observations and proposals are provided.
Proposal 1. On-demand SSB SCell operation can be applied for the scenarios where SSB-less operation is not feasible to obtain power saving gain via omitting SSB transmission, while ensuring SCell operation.
Proposal 2. On-demand SSB can be used in the following stages for SCell operation
· Before SCell addition
· On-demand SSB can be used for measurements of candidates for SCell addition
· After SCell addition and before SCell activation
· On-demand SSB can be used for measurements of candidates for SCell activation
· At SCell activation
· On-demand SSB can be used for SCell activation
Observation 1. During the stages prior to SCell activation, periodic transmission of on-demand SSB is necessary for performing L3 measurement.
Observation 2. During the SCell activation stage, supporting aperiodic SSB transmission is beneficial to enable faster SCell activation.
Proposal 3. Both periodic and aperiodic transmission schemes can be considered for on-demand SSB. 
Proposal 4. Modification of SSB pattern or SSB structure is deprioritized for Rel.19 on-demand SSB.
Observation 3. The cell on/off indication via backhaul can be used to exchange the start or stop timing of the on-demand SSB transmission between cells. It should be discussed in RAN3.
Proposal 5. For UE uplink wake-up-signal, useful use case(s) need to be identified first.  
Proposal 6. SCell activation/deactivation signaling can be used to indicate UE about on-demand SSB transmission in the following stages of SCell operation.
· In the stages prior to SCell activation, SCell activation/deactivation signaling can be used to indicate UE to start/stop performing measurement on on-demand SSB.
· During the SCell activation stage, SCell activation/deactivation signaling can be used to indicate UE to start SCell activation procedure based on on-demand SSB or start deactivation procedure.
Proposal 7. The following signaling can be considered for Rel.19 SCell activation/deactivation signaling.
· RRC
· Details should be discussed by RAN2.
· MAC-CE
· The Rel.17 enhanced SCell activation/deactivation MAC-CE can be considered as the starting point.
· Details should be discussed by RAN2.
· Group-common DCI
· FFS details.
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