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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 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 views on the on-demand SSB SCell operation, including the scenarios and potential issues, as well as some possible solutions.
2. [bookmark: _Hlk101275836]On-demand SSB operation in SCell
	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)
· [bookmark: OLE_LINK17]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

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 



In the last meeting, it was agreed that the discussion for on-demand SSB operation focuses on Scenario #2 and Scenario #3, as shown above. 
Scenario #2 is the phase when SCell is configured to a UE but before the UE receives the SCell activation command. When the network intends to activate one or more SCells to adapt to the variation of service, 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. Otherwise, network might need to randomly activate one SCell. If the randomly selected SCell cannot satisfy the communication requirement, the network needs to activate another SCell. Obviously, it would cause a waste of resource and energy of the network. 
Moreover, when SCell is deactivated, it may be known or unknown to UE. Whether the SCell is known or not affects whether it could apply a fast SCell activation procedure when it is to be activated. If SCell could be activated through fast SCell activation MAC CE, the latency of SCell activation could be decreased compared to the normal SCell activation procedure. As the known state requires that UE should send a valid measurement report and the SSB measured remains detectable before the reception of the SCell activation command, on-demand SSB could be transmitted in the SCell to transfer it to the known state if an SCell is to be fast activated.  
[bookmark: _Ref162881190]Proposal 1: For on-demand SSB SCell operation, support Scenario #2, i.e., SCell is configured to a UE but before the UE receives SCell activation command.
Scenario #3 describes the phase after UE receives the SCell activation command. As shown in Figure 1, Scenario #3 could be further divided into the following two scenarios:
· Scenario #3-1: During the SCell activation procedure
· Scenario #3-2: After SCell activation
	

[bookmark: _Ref162620425]Figure 1: The Scenario of on-demand SSB operation on SCell


[bookmark: _Hlk162856745]In Scenario #3-1, after UE receives the SCell activation command, it would perform AGC adjustment, measurement, and report. Then the SCell activation procedure could be completed. In legacy, the delay brought by the SSB search during this procedure might be a long time, because the SSB transmission is periodic and more than one SSB is required to complete the SCell activation procedure. However, if the SSB transmission in SCell is no longer periodic but on-demand triggered, SSB(s) could be transmitted in a short time according to the time of Scell activation. Then the SSB search delay could be reduced. Hence, to complete the SCell activation procedure and shorten the delay of the whole procedure, on-demand SSB should be supported in Scenario #3-1.
When an SCell is activated in Scenario #3-2, 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 #3-2. 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 trigger additional on-demand SSB in this scenario 3-2.
[bookmark: _Ref162881192]Proposal 2: For Scenario #3, only support on-demand SSB operation during the SCell activation procedure. 
Proposal 3: For Scenario #3, after SCell is activated, periodic always-on SSB transmission is assumed and no additional on-demand SSB is triggered. 
In the last 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: _Ref162881173]Observation 1: Spec effort is needed to support the SSB-less feature and on-demand SSB feature at the same time, and the benefit to support on-demand SSB in SSB-less SCell is not clear.
Proposal 4: Do not support on-demand SSB in SSB-less SCell. 
Regarding the UE assumption on SSB transmission on a cell supporting on-demand SSB SCell operation, there are two possible cases. Case #1 defines no always-on SSB on the SCell. And in Case #2, always-on SSB is periodically transmitted on the cell. Obviously, the network could easily turn to a deeper sleep state in Case #1 to save more energy when there is no on-demand SSB and always-on SSB is not supported on SCell. While in Case #2, the network should wake up periodically to transmit always-on SSB. From the perspective of power saving in the network, Case #1 is preferred.
[bookmark: _Ref162881175]Observation 2: No always-on SSB on the SCell is beneficial to the power saving of the network. 
Last, how to solve the collision between SSB reception and other transmissions should be studied. When on-demand SSB is transmitted, there might be a DL transmission to UE from another serving cell or UE is scheduled to perform UL transmission. Then UE needs to perform a prioritization procedure due to half-duplex or capability limitation. 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: _Ref162881193]Proposal 5: To support on-demand SSB operation, further discuss the collision between on-demand transmission and other transmissions. 
2.1. On-demand SSB before the SCell activation procedure 
	[bookmark: _Hlk159249494]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.
· [bookmark: OLE_LINK16][bookmark: _Hlk162705828]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)



In the last 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 in Scenario #2 when determining which option applies to 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 be applicable 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: _Ref159252294][bookmark: _Hlk162859511]Proposal 6: For Scenario #2, 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.
	

[bookmark: _Ref159252407]Figure 2: On-demand SSB transfer SCell to the known state


In 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. To help UE perform reception on these on-demand SSB bursts, time instance A and the transmission time N should be indicated to UE. 
[bookmark: _Ref162881196]Proposal 7: Time instance A and transmission time N are indicated to UE by NW.
To trigger on-demand SSB transmission on Scell, the type of signaling, i.e. group common signaling or UE specific signaling should be determined. The advantage of group common signaling is that the overhead of signaling could be saved compared to UE specific signaling. 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 signaling. Meanwhile, UE could feedback to the network about whether the on-demand SSB transmission trigger signaling is received or not if the signaling is a UE specific signaling. 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 signaling is preferred to trigger on-demand SSB transmission.
[bookmark: _Ref162881200]Proposal 8: The on-demand SSB triggering signaling should be a UE-specific signaling.
Furthermore, it should be decided that the UE specific signaling could be DCI, MAC CE, or RRC message. One possible method is to reuse the measurement configuration message. The on-demand SSB related information could be contained in an MO configuration. Another possible method is to trigger on-demand SSB transmission more directly with a DCI or MAC CE. In Scenario #2, as the network would determine when to trigger on-demand SSB and ensure there is enough time for UE to satisfy the requirement of measurement, the latency of triggering signaling won’t be a problem. Hence, both methods mentioned above seem OK. 
However, as analyzed above, the on-demand SSB transmission should be supported in both Scenario #2 and Scenario #3-1. While in Scenario #3-1, the on-demand SSB transmission is triggered to shorten the delay of the SCell activation procedure, thus the latency of trigger signaling is also important. Hence, it’s better to use DCI or MAC CE as the type of trigger signaling, considering there should be a unified design to save the spec effort on on-demand SSB transmission trigger signaling. 
[bookmark: _Ref162881202]Proposal 9: For Scenario #2, DCI or MAC CE is used as the on-demand SSB transmission trigger signaling.
2.2. On-demand SSB during the SCell activation procedure 
[bookmark: _Hlk162860236]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 send 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 #3-1 is preferred. Thus,  Option 3 should be the on-demand SSB transmission pattern during the SCell activation procedure.
[bookmark: _Ref162881204]Proposal 10: During the SCell activation procedure, 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.
	

[bookmark: _Ref163062318]Figure 3: On-demand SSB shortens the delay of SCell activation procedure


To shorten the delay of the SCell activation procedure, time instance A should be as early as possible. Time instance A should be decided by the transmission time of on-demand SSB trigger signaling and the processing time of trigger signaling. If the trigger signaling is a UE specific signaling, the processing time of HARQ-ACK should also be considered. In addition, there are two possibilities of the transmission time of on-demand SSB trigger signaling. One possibility is to transmit simultaneously with the SCell activation command. Another possibility is to transmit after the Scell activation command. Considering the intention of on-demand SSB transmission, the first possibility is more preferred. 
[bookmark: _Ref162881176]Observation 3: On-demand SSB trigger signaling could be transmitted simultaneously with the SCell activation command to reduce the delay of the SCell activation procedure.
[bookmark: _Ref162881205]Proposal 11: Time instance A is determined by the transmission time of on-demand SSB trigger signaling, the processing time of trigger signaling and the HARQ-ACK processing time. 
As analyzed above, on-demand SSB should be supported on both Scenario #2 and Scenario #3-1. Meanwhile, the transmission pattern in two scenarios could be the same. Thus, to reduce the spec effort, the signaling design should adopt a unified design for these two scenarios. For example, use DCI or MAC CE as the on-demand SSB trigger signaling. 
[bookmark: _Ref162881212]Proposal 12: Use DCI or MAC CE as the on-demand SSB trigger signaling during the SCell activation procedure, to maintain a unified design for Scenario #2 and Scenario #3-1 .
3. 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 to support on-demand SSB in SSB-less SCell is not clear.
Observation 2: No always-on SSB on the SCell is beneficial to the power saving of the network.
Observation 3: On-demand SSB trigger signaling could be transmitted simultaneously with the SCell activation command to reduce the delay of the SCell activation procedure. 
Proposal 1: For on-demand SSB SCell operation, support Scenario #2, i.e., SCell is configured to a UE but before the UE receives SCell activation command.
Proposal 2: For Scenario #3, only support on-demand SSB operation during the SCell activation procedure.
Proposal 5: To support on-demand SSB operation, further discuss the collision between on-demand transmission and other transmissions.
Proposal 6: For Scenario #2, 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.
Proposal 7: Time instance A and transmission time N are indicated to UE by NW.
Proposal 8: The on-demand SSB triggering signaling should be a UE-specific signaling.
Proposal 9: For Scenario #2, DCI or MAC CE is used as the on-demand SSB transmission trigger signaling.
Proposal 10: During the SCell activation procedure, 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.
Proposal 11: Time instance A is determined by the transmission time of on-demand SSB trigger signaling, the processing time of trigger signaling and the HARQ-ACK processing time.
Proposal 12: Use DCI or MAC CE as the on-demand SSB trigger signaling during the SCell activation procedure, to maintain a unified design for Scenario #2 and Scenario #3-1 . 
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