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Introduction
The contribution provides our views on supporting on-demand SSB operation in Scell for connected mode UEs configured with CA, which was agreed in RAN#102 as one of techniques to improve network energy savings for NR as follows:
	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)
· [bookmark: _Hlk158881099]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.


[bookmark: _Ref158882823]SSB Transmission in a Cell with On-demand SSB Operation
For a cell supporting on-demand SSB operation, there may be two main cases on how the always-on SSB and the on-demand SSB (OD-SSB) can be transmitted in the cell as being illustrated in Figure 1:
· Case 1: Always-on SSB is transmitted in the cell but with a long periodicity (e.g., 160ms). For this case, the OD-SSB can be transmitted in the transition state only or in both transition and activated states.
· Case 2: No always-on SSB is transmitted in the cell while the OD-SSB is transmitted in both transition and activated states.
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[bookmark: _Ref158640460]Figure 1: SSB transmission in a cell supporting on-demand SSB operation

It is beneficial to have a common understanding in RAN1 regarding which case we should support in R19 before discussing how on-demand SSB should be triggered or signaled to the UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation. Hence, we make the following proposal:
Proposal 1: RAN1 discusses how always-on SSB and on-demand SSB should be transmitted in the cell supporting on-demand SSB operation. In particular, the following aspects should be discussed:
· whether always-on SSB is periodically transmitted in the cell (with a configurable periodicity).
· when on-demand SSB is transmitted.
One important question is whether the cell supporting on-demand SSB operation should transmit always-on SSB. From our perspectives, the always-on SSB should be periodically transmitted in the cell to support RRM for proper Scell addition/removal and for neighbor cell measurement in the same carrier as the carrier of the Scell. The periodic SSB can be transmitted with a long periodicity allowed by the existing specification for NES. Here, we are particularly emphasizing the importance of the neighbor cell measurement for the cells (i.e., the cell with different PCIs) in the same carrier as the carrier of the Scell. Without the always-on SSB in the cells, the mobility procedure may not work. In other words, when the UE is in mobility, the UE shall not be able to measure and report the quality of the neighbor cells in the same carrier. Consequently, a good neighbor cell may not be added as a candidate Scell and in some cases a neighbor cell that is much better than Pcell may not be selected as candidate Pcell for handover. Furthermore, the cell with the always-on SSB can also operate as Scell for legacy UEs. On the other hand, at the absence of periodic SSB transmission in the cell, the cell cannot serve legacy UEs and cannot be discoverable as a neighbor cell. Additionally, the cell quality is unknown before on-demand SSB is transmitted due to no RRM measurement/reporting, which may lead to a scenario that the added/activated Scell is not good enough. 
Observation 1: SSB should be periodically transmitted with a long periodicity allowed by the existing specification in the cell supporting on-demand SSB operation to support RRM for proper Scell addition/removal and for neighbor cell measurement in the same carrier as the carrier of the Scell. Furthermore, the legacy UEs can be also supported in the cell.
Observation 2: Without periodic SSB transmission in the cell, the cell cannot be discoverable as a neighbor cell. In addition, the cell quality is unknown before on-demand SSB is transmitted due to no RRM measurement/reporting.
Based on the above discussion, our view is to support the scenario where the cell supporting on-demand SSB operation should transmit always-on SSB with a long periodicity allowed by the existing specifications. Furthermore, to enable fast Scell activation, the UE is expected to have on-demand SSB transmitted at least in the transition state. 
Proposal 2: The cell supporting on-demand SSB operation transmits always-on SSB with a long periodicity allowed by the existing specifications.
· On-demand SSB is at least transmitted in the cell during the state transition for fast Scell activation.
· FFS: whether on-demand SSB is also transmitted in the cell in the activated state.

On-demand SSB Triggering and Signaling
On-demand SSB is the SSB that is transmitted whenever it is needed e.g., for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation. The need for on-demand SSB can be determined and triggered by either an entity at the network side (e.g., DU) or UE. For on-demand SSB triggered by network illustrated in Figure 2a, the gNB shall determine the parameters for SSB transmission and trigger the transmission according to the discussion in Section 2. On the other hand, for on-demand SSB triggered by UE illustrated in Figure 2a, the UE shall trigger the transmission of SSB by sending an uplink wake-up signal. The gNB transmits SSB in response to the successful reception of the wake-up signal.
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(a) Network coordination                                                 (b) UE trigger using uplink WUS
[bookmark: _Ref158882486]Figure 2: On-demand SSB triggering methods
Compared to network coordination based on-demand SSB triggering, the on-demand SSB based on UE triggering has higher UE power consumption and complexity due to uplink WUS transmission for requesting SSB. In particular, from UE side, the UE may need to send SSB request to multiple Scells if the UE is configured with multiple Scells. Additionally, for the case that UE cannot obtain beam information before transmitting the wake-up signal, the UE would need to beam-sweep WUS transmission to a cell in multi-beam systems. From NW side, the method based on UE triggering leads to higher NW energy consumption due to monitoring the uplink WUS transmissions from UEs.
Observation 3: Compared to network coordination based on-demand SSB triggering, the on-demand SSB based on UE triggering leads to
· Higher UE power consumption and complexity due to uplink WUS transmission for requesting SSB. In particular, UE may have to beam-sweep WUS transmission to a cell in multi-beam systems and/or send SSB request to multiple Scells.
· Higher NW energy consumption due to monitoring the uplink WUS transmissions from UEs.
One benefit of the on-demand SSB based on UE triggering is that it can enable SSB transmission in some certain SSB beam thanks to beam correspondence between SSB and WUS. However, this is only possible if the UE can obtain useful beam information for UL WUS transmission from always-on SSB before WUS transmission. The benefits of NW coordination based on-demand SSB triggering outweighs the benefits of UE trigger based on-demand SSB. Therefore, we prefer to only support on-demand SSB triggering by network coordination in R19.
Proposal 3: Rel-19 supports on-demand SSB triggering method based on network coordination. In particular, wake-up signal from the UE to trigger on-demand SSB transmission is not necessary.
For UE operation, it is also critical for the UE to know how the on-demand SSB is transmitted. More specifically, the Pcell should provide the configuration of on-demand SSB to the UE. The details of the configuration and how it is provided to the UE can be further discussion in the later meetings.
Proposal 4: The Pcell provides configuration of on-demand SSB transmission to the UE. 
· FFS: details of the configuration. 
· FFS: how the configuration is provided to the UE.
Conclusion
The contribution has discussed our views on on-demand SSB operation for Scell. In particular, we make the following observations and proposals:
Observation 1: SSB should be periodically transmitted with a long periodicity allowed by the existing specification in the cell supporting on-demand SSB operation to support RRM for proper Scell addition/removal and for neighbor cell measurement in the same carrier as the carrier of the Scell. Furthermore, the legacy UEs can be also supported in the cell.
Observation 2: Without periodic SSB transmission in the cell, the cell cannot be discoverable as a neighbor cell. In addition, the cell quality is unknown before on-demand SSB is transmitted due to no RRM measurement/reporting.
Observation 3: Compared to network coordination based on-demand SSB triggering, the on-demand SSB based on UE triggering leads to
· Higher UE power consumption and complexity due to uplink WUS transmission for requesting SSB. In particular, UE may have to beam-sweep WUS transmission to a cell in multi-beam systems and/or send SSB request to multiple Scells.
· Higher NW energy consumption due to monitoring the uplink WUS transmissions from UEs.
Proposal 1: RAN1 discusses how always-on SSB and on-demand SSB should be transmitted in the cell supporting on-demand SSB operation. In particular, the following aspects should be discussed:
· whether always-on SSB is periodically transmitted in the cell (with a configurable periodicity).
· when on-demand SSB is transmitted.
Proposal 2: The cell supporting on-demand SSB operation transmits always-on SSB with a long periodicity allowed by the existing specifications.
· On-demand SSB is at least transmitted in the cell during the state transition for fast Scell activation.
· FFS: whether on-demand SSB is also transmitted in the cell in the activated state.
Proposal 3: Rel-19 supports on-demand SSB triggering method based on network coordination. In particular, wake-up signal from the UE to trigger on-demand SSB transmission is not necessary. 
Proposal 4: The Pcell provides configuration of on-demand SSB transmission to the UE. 
· FFS: details of the configuration. 
· FFS: how the configuration is provided to the UE.
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