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Introduction
For on-demand SSB SCell operation, the objective of the WID [1] includes: 
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 the RAN1#116 meeting [2], following agreements have been achieved on on-demand SSB SCell operation:
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 
Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.
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
Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE
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)
In this contribution, we will discuss the scenarios and potential issues of on-demand SSB SCell operation based on RAN1 agreement.
Discussion
Based on the WID, it can be observed that on-demand SSB transmission may affect the time/frequency synchronization, L1/L3 measurements and SCell activation. And according to RAN1 discussion, there are two scenarios and two cases identified.
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
On-demand SSB cases:
· Case #1: No always-on SSB on the cell
· Case #2: Always-on SSB is periodically transmitted on the cell
 In this section, we will give analysis and discussion for on-demand SSB SCell around the two scenarios and cases.
Scenarios and cases of on-demand SSB SCell operation
· Scenario #2: SCell is configured to a UE but before the UE receives SCell activation command
For Case #1, the NES SCell does not send SSB until on-demand SSB is activated. In other words, UE cannot have measurements on the SCell in Scenario #2 until the on-demand SSB is activated. However, NW may decide whether to activate the SCell or release the SCell based on measurement results. Therefore, it is beneficial to support on-demand SSB for Scenario #2 with Case #1 for the purpose of measurement. Figure 1(a) shows that UE performs measure and reports the measurement results after the on-demand SSB is activated during Scenario #2, and NW determines whether to activate the SCell based on the measurement report of UE. 
In addition, according to RAN4 [3], the activation delay of the known cell is smaller than unknown cell. If the on-demand SSB is activated during Scenario #2 with Case #1, UE can perform measurement and report the measurement result, and the activation delay of the NES SCell can be reduced because the NES SCell changes from an unknown cell to a known cell. 
Observation 1: It is benefit to support on-demand SSB for Scenario #2 with Case #1 for purpose of measurement and SCell activation delay reduction.
Proposal 1: Consider on-demand SSB for Scenario #2 with Case #1.
For Case #2, the NES SCell sends sparse periodic SSB. UE can perform measurement, but the measurement result report may not trigger or trigger too early. According to RAN4 [3], there is a limit to the time between the measurement report and UE receiving the SCell activation command. The SCell is an unknown cell if the time between the measurement report and UE receiving the SCell activation command exceeds the limit.
8.3.2	SCell Activation Delay Requirement for Deactivated Scell

SCell in FR1 is known if it has been meeting the following conditions:
· During the period equal to max(5*measCycleSCell,  5*DRX cycles) for FR1 before the reception of the SCell activation command:
-	the UE has sent a valid measurement report for the SCell being activated and
-	the SSB measured remains detectable according to the cell identification conditions specified 
in clause 9.2 and 9.3.
· the SSB measured during the period equal to max(5*measCycleSCell, 5*DRX cycles) also remains detectable during the SCell activation delay according to the cell identification conditions specified in clause 9.2 and 9.3.
Otherwise SCell in FR1 is unknown.

For the first SCell activation in FR2 bands, the SCell is known if it has been meeting the following conditions:
· During the period equal to 4s for UE supporting power class 1/5 and 3s for UE supporting power class 2/3/4 before UE receives the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS for CQI reporting (when applicable):
-	the UE has sent a valid L3-RSRP measurement report with SSB index, and 
-	SCell activation command is received after L3-RSRP reporting and no later than the time 
when UE receives MAC-CE command for TCI activation
· During the period from L3-RSRP reporting to the valid CQI reporting, the reported SSBs with indexes remain detectable according to the cell identification conditions specified in clauses 9.2 and 9.3, and the TCI state is selected based on one of the latest reported SSB indexes.
…
In order to accelerate SCell activation, on-demand SSB can be activated in Scenario #2 with Case #2. Figure 1(b) and Figure 1(c) show that the NES SCell is an unknown cell before the on-demand SSB is triggered, and the on-demand SSB is activated to reduce activation delay.
Observation 2: It is benefit to support on-demand SSB for Scenario #2 with Case #2 to reduce activation delay.
Proposal 2: Consider on-demand SSB for Scenario #2 with Case #2.
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(a) Case #1
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(b) Case #2
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(c) Case #2
Figure 1 Triggering of the on-demand SSB in Scenario #2
According to RAN1 discussion, there are two cases for Scenario #3.
· Scenario #3-1: During SCell activation procedure
For some stationary UEs, SCell can be activated blindly. Hence, it is a possible scenario for Scenario #3-1 with Case #1. And it is benefit to support on-demand SSB for the scenario for the purpose of SCell activation. 
Observation 3: It is benefit to support on-demand SSB for Scenario #3-1 with Case #1 for the purpose of SCell activation.
Proposal 3: Consider on-demand SSB for Scenario #3-1 with Case #1.
For Case #2，the SCell activation delay is related to the SSB period. The SCell activation procedure can be expedited by providing denser on-demand SSB than always-on SSB. Therefore, it is reasonable to support on-demand SSB in Scenario #3-1 with Case #2 to reduce SCell activation delay.
Observation 4: It is benefit to support on-demand SSB for Scenario #3-1 with Case #2 to reduce activation delay.
Proposal 4: Consider on-demand SSB for Scenario #3-1 with Case #2.
· Scenario #3-2: SCell activation is completed
After SCell activation is completed, whether the on-demand SSB still applicable is FFS in RAN1. Maybe we can wait for more RAN1’s progress and then discuss the impact on RAN2.
Proposal 5: Whether on-demand SSB is applicable to Scenarios#3-2 can wait for more RAN1’s progress.
Specification impact for RAN2
In the existing specification, UE performs the RRM measurement after receiving the measurement configuration. However, SCell may not transmit the on-demand SSB until the on-demand SSB is activated, e.g. SSB transmission in Scenario #2 with Case #1. Therefore, the behavior of the UE between the time when UE receives the on-demand SSB configuration and the time when the on-demand SSB is activated should to be further discussed, e, g., UE does not measure SCell until it receives the activation command of on-demand SSB.
Proposal 6: RAN2 to consider the impact on RRM measurement with on-demand SSB.
If the on-demand SSB is activated in Scenario #2 and not deactivated, the activated on-demand SSB can be used in Scenario #3-1 and Scenario #3-2. However, the requirements for on-demand SSB are different in different scenarios. The on-demand SSB may be dense in Scenario #3-1 to accelerate SCell activation, and the on-demand SSB may be sparse in Scenario #2 and Scenario #3-2 to save energy of NW. Therefore, it is beneficial to have multiple sets of configurations for on-demand SSB, and the configuration of on-demand SSB can be modified in different scenarios. Figure 2 shows the different on-demand SSB configurations in different scenarios.
Proposal 7: Consider multiple sets of configurations for on-demand SSB to achieve energy saving in different scenarios. 
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Figure 2 Triggering of the on-demand SSB in different scenario
For Scenario #3-1, to expedite the SCell activation procedure, RAN2 can discuss whether to indicate the activation of on-demand SSB and the activation of SCell simultaneously. If on-demand SSB activation and SCell activation are indicated at the same time, the SCell activation/deactivation MAC CE can be used. However, it violates the mechanism that Scenario #2 and Scenario #3 use the same signaling to activate the on-demand SSB, because Scenario #2 will activate the on-demand SSB before receiving the SCell activation/deactivation MAC CE.
Proposal 8: For Scenario #3-1, RAN2 need to further discuss whether to use the SCell Activation/Deactivation MAC CE or a new signaling to activate the on-demand SSB.
Furthermore, if the on-demand SSB is activated in Scenario #3-1 with Case#2 to reduce the activation delay of SCell, after SCell is completely activated, the on-demand SSB needs to be deactivated and the always-on SSB transmission may be enough to save energy. An issue to be addressed is whether an explicit signaling is required to deactivate the activated on-demand SSB after SCell is completely activated.
Proposal 9: RAN2 need to further discuss whether an explicit signaling is required to deactivate the activated on-demand SSB.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, it is observed and proposed that:
Observation 1: It is benefit to support on-demand SSB for Scenario #2 with Case #1 for purpose of measurement and SCell activation delay reducation.
Observation 2: It is benefit to support on-demand SSB for Scenario #2 with Case #2 to reduce activation delay.
Observation 3: It is benefit to support on-demand SSB for Scenario #3-1 with Case #1 for the purpose of SCell activation.
Observation 4: It is benefit to support on-demand SSB for Scenario #3-1 with Case #2 to reduce activation delay.
Proposal 1: Consider on-demand SSB for Scenario #2 with Case #1.
Proposal 2: Consider on-demand SSB for Scenario #2 with Case #2.
Proposal 3: Consider on-demand SSB for Scenario #3-1 with Case #1.
Proposal 4: Consider on-demand SSB for Scenario #3-1 with Case #2.
Proposal 5: Whether on-demand SSB is applicable to Scenarios#3-2 can wait for more RAN1’s progress.
Proposal 6: RAN2 consider the impact of RRM measurement with on-demand SSB.
Proposal 7: Consider multiple sets of configurations for on-demand SSB to achieve energy saving in different scenarios. 
[bookmark: _GoBack]Proposal 8: For Scenario #3-1, RAN2 need to further discuss whether to use the SCell Activation/Deactivation MAC CE or a new signaling to activate the on-demand SSB.
Proposal 9: RAN2 need to further discuss whether an explicit signaling is required to deactivate the activated on-demand SSB.
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