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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]Target scenarios 
Reduction of SSB transmission in SCell is a promising solution for energy saving in carrier aggregation (CA) cases from the network perspective. SSB-less Scell operation is already supported for intra-band CA scenario in Rel-15 and then extended to inter-band CA scenario with certain limitations (i.e. co-located, power difference, QCL relations and etc.) in Rel-18. For SSB-less Scells in these scenarios, timing and QCL relations could be obtained from a reference cell.
However, in most scenarios of inter-band CA deployment, the conditions to support SSB-less Scell operation specified in Rel-18 are hard to be satisfied. In these cases, UE assumes periodical SSB transmissions in the Scells as configured by RRC signaling. In other words, the network needs to always transmit periodical SSB in the Scell.
[bookmark: _Ref159174485]Observation 1: Reduction of SSB transmissions is not supported in most scenarios of inter-band CA deployment that don’t satisfy SSB-less Scell operation conditions (i.e. co-located, power difference, QCL relations, etc.)
	

[bookmark: _Ref159164743]Figure 1: On-demand SSB on Scell


In particular, typical target scenarios that don’t satisfy SSB-less Scell operation conditions are provided below:
· Scenario A: Pcell is FR1 cell and Scell(s) is FR1 cell where Pcell and Scell(s) are non-collocated, or have large power difference
· Scenario B: Pcell is FR1 cell and Scell is FR2 cell
· Scenario C: Pcell is FR2 cell in one band and Scell is FR2 cell in another band
For the above scenarios, on-demand SSB SCell operation could be applied to reduce the SSB transmission for less network energy consumption. In this way, SSB in the SCell is on demand triggered instead of periodical transmission as shown in Figure 1. Thus, unnecessary SSB transmissions are avoided so that the network energy consumption could be decreased.
3. On-demand SSB operation in SCell
Regarding SCell operation, there are different SCell operation phases. And the phases are shown below:
· [bookmark: _Hlk159167279]Phase 0: Before SCell activation procedure
· Phase 0-1: Before SCell configuration
· Phase 0-2: The SCell activation command is not transmitted yet after the SCell configuration
· Phase 1: During the SCell activation procedure
· Phase 2: After SCell activation
[image: ]
Figure 2 SCell activation timeline
In Phase 0, network may trigger UE to measure the transmitted SSB via MO activation. And in Phase 0-1, network would determine which SCell should be configured for UE according to the measurement result reported by UE. In Phase 0-2, after SCell configuration, whether the SCell is known or not affects whether it could apply a fast SCell activation procedure when it is to be activated. And the known SCell state requires that the SSB on SCell should be detectable. In Phase 1, the SCell activation procedure requires that UE should perform AGC adjustment, synchronization, and CSI report based on the transmitted SSB. And in Phase 2, after SCell activation, UE would perform synchronization and measurement. 
It can be seen that the intentions of SSB transmission in different phases of SCell operation are different, and the associated UE behavior or requirements on UE measurement are different if on-demand SSB is supported in different phases. Thus, to make clear whether and how on-demand SSB is applied on SCell, different SCell operation phases should be discussed separately.
[bookmark: _Ref159247746]Observation 2: On-demand SSB transmission can be transmitted before, during or after SCell activation procedure, the associated UE behaviour or requirement on UE measurement in different phases of SCell operation are different, thus the on-demand SSB operation should be discussed separately based on different phases.
[bookmark: _Ref159247785]Proposal 1:Discuss whether and how on-demand SSB operates in the following phases of SCell operation.
· Phase 0: Before SCell activation procedure
· Phase 0-1: Before SCell configuration
· Phase 0-2: The SCell activation command is not transmitted yet after the SCell configuration
· Phase 1: During the SCell activation procedure
· Phase 2: After SCell activation
3.1. On-demand SSB before SCell activation procedure 
[bookmark: _Hlk159245275]When network intends to configure SCell to a UE, it may trigger UE to measure the SSB transmission on the indicated frequency point corresponding to neighbor cells via MO activation as shown in Figure 3. Then it would determine which Cell would be configured for this UE as an SCell according to the measurement result. Once the corresponding MO is activated, UE would assume that there is SSB transmission on the frequency point and then perform measurement. However, the network is not required to transmit SSB before cell configuration in legacy. Thus UE may perform unnecessary measurement, which results in energy waste. 

 
[bookmark: _Ref159259272]Figure 3: UE measurement before SCell configuration
[bookmark: _Ref159247749]Observation 3: The network is not required to transmit SSB before SCell configuration. Thus, UE may perform unnecessary measurement based on the configured MO before the SCell configuration, which results in energy waste.
To solve this problem, one possible method is to apply on-demand SSB operation before SCell configuration. To be specific, the network could inform UE the SSB transmission information once it intends to transmit SSB. Then UE could perform measurement based on the informed time and the SSB pattern as shown in Figure 4. Obviously, the power consumption at the UE side can be reduced and there is no impact on the system performance. In the meantime, the network could also avoid unnecessary SSB transmission.  

	

[bookmark: _Ref159246086]Figure 4: On-demand SSB for UE performing measurement before SCell configuration


[bookmark: _Ref159174501][bookmark: _Ref159247799][bookmark: _Hlk159249494]Proposal 2: Discuss whether on-demand SSB operation should be supported before the SCell configuration.
In Phase 0-2, 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. Thus, the network could better adapt to the variation of service and the power consumption of UE could be reduced. As the fast SCell activation procedure requires that UE should send a valid measurement report and the SSB measured remains detectable before the reception of the SCell activation command, SSB should be transmitted in the SCell to transfer it to the known state if an SCell is to be fast activated. 
[bookmark: _Ref159252294]Observation 4: If on-demand SSB is transmitted right after the SCell configuration, the SCell may become known state easier, which can ensure fast SCell activation.
	

[bookmark: _Ref159252407]Figure 5: On-demand SSB transfer SCell to the known state


According to the requirement of a 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 5. And in other time, SSB transmission could be shut down to save the network energy.
[bookmark: _Ref159252463]Proposal 3: Discuss whether on-demand SSB operation should be supported after the SCell configuration, but before the SCell activation command.
3.2. On-demand SSB during the SCell activation procedure 
In Phase 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 as the SSB transmission is periodic. However, if the SSB transmission in SCell is no longer periodic but on-demand triggered as shown in Figure 6, SSB could be transmitted in time according to the time of Scell activation. Then the SSB search delay could be avoided. In addition, more than one SSB is required to complete the SCell activation procedure when it’s not a fast SCell activation procedure. Thus if the SSB period is large, the delay of the activation procedure could become large. Obviously, if the SSB period is small during the activation procedure, the delay could also be shortened. Hence, to complete the SCell activation procedure and shorten the delay of the whole procedure, on-demand SSB should be supported in Phase 1.
	

[bookmark: _Ref159250518]Figure 6: On-demand SSB shortens the delay of SCell activation procedure


[bookmark: _Ref159247801]Proposal 4: On-demand SSB transmission should be supported during the SCell activation procedure, i.e., after the SCell activation command transmission and before the SCell activation completion.
To realize the on-demand SSB operation in Phase 1, some issues of the on-demand SSB transmission procedure need to be solved. 
First, the type of trigger signaling should be determined. For example, whether the SSB is on-demand triggered by activation command MAC CE or another signaling. If on-demand SSB is not triggered by activation command MAC CE, the SCell related information, e.g. SCell ID or frequency point, should be indicated to UE, thus UE would know where to detect the SSB transmission. 
Second, the time pattern of on-demand SSB should be determined. Once the on-demand SSB is triggered, the time pattern is decisive in power saving and delay reduction. If there is a great number of SSB periods within on-demand SSB, the power saving gain would be negligible. To reduce the delay in SCell activation procedure, the selection of SSB period is important. In addition, as the sleep time length of network is related to the power consumption reduction, shortening the transmission time of on-demand SSB would be a useful method to save power, if there is more than one SSB to transmit. For example, there could be more than one SSB burst set within an SSB period, other than multiple SSB periods. 
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: _Ref159174508]Proposal 5: To support on-demand SSB operation during the SCell activation procedure , further discuss the following issues: the trigger singaling, time pattern of on-demand SSB, and the collision with other transmissions. 
3.3. On-demand SSB after SCell activation
When an SCell is activated, UE would perform synchronization periodically on this SCell to avoid being out of sync. Thus SSB transmission cannot be shut down for a long time. To reduce the network energy consumption, the SSB period can be adjusted through network configuration and the maximum period can be 160ms. Hence, the power saving purpose can be achieved when SCell is activated in current specification. Moreover, UE may be triggered to report measurement results periodically. It’s meaningless to trigger another on-demand SSB once there is a normal SSB transmission on the SCell. 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 support on-demand SSB in this scenario.
[bookmark: _Ref159174510]Proposal 6: The motivation to support on-demand SSB after SCell activation completion should be further clarified. 
4. Conclusion
This contribution focuses on the discussion of on-demand SSB for SCell with the following observations and proposals: 
Observation 1: Reduction of SSB transmissions is not supported in most scenarios of inter-band CA deployment that don’t satisfy SSB-less Scell operation conditions (i.e. co-located, power difference, QCL relations, etc.)
Observation 2: On-demand SSB transmission can be transmitted before, during or after SCell activation procedure, the associated UE behaviour or requirement on UE measurement in different phases of SCell operation are different, thus the on-demand SSB operation should be discussed separately based on different phases.
Observation 3: The network is not required to transmit SSB before SCell configuration. Thus, UE may perform unnecessary measurement based on the configured MO before the SCell configuration, which results in energy waste.
Observation 4: If on-demand SSB is transmitted right after the SCell configuration, the SCell may become known state easier, which can ensure fast SCell activation.

Proposal 1:Discuss whether and how on-demand SSB operates in the following phases of SCell operation.
· Phase 0: Before SCell activation procedure
· Phase 0-1: Before SCell configuration
· Phase 0-2: The SCell activation command is not transmitted yet after the SCell configuration
· Phase 1: During the SCell activation procedure
· Phase 2: After SCell activation
Proposal 2: Discuss whether on-demand SSB operation should be supported before the SCell configuration.
Proposal 3: Discuss whether on-demand SSB operation should be supported after the SCell configuration, but before the SCell activation command.
Proposal 4: On-demand SSB transmission should be supported during the SCell activation procedure, i.e., after the SCell activation command transmission and before the SCell activation completion.
Proposal 5: To support on-demand SSB operation during the SCell activation procedure , further discuss the following issues: the trigger singaling, time pattern of on-demand SSB, and the collision with other transmissions.
Proposal 6: The motivation to support on-demand SSB after SCell activation completion should be further clarified. 
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