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Introduction
In RP-234039, the following objectives for NR AI/ML enhancement are agreed.
	The objectives of the work item are the following:

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.

2. Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105

3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 

4. Specify the corresponding core requirements, for the above features [RAN4].




In this contribution, we provide some discussion on on-demand SSB for SCell.
Event to trigger the on-demand SSB request
For NES, the NW may transmit few SSBs on the SCell for the UE to perform time/frequency offset tracking. For example, the NW may only transmit the SSBs QCLed with the active TCI states. Then when the UE detects the beam quality for current active TCI states is low, for example, the UE may have declared beam failure, it may try to identify a new beam. Then the UE may request the NW to transmit other SSBs. 
Since there might be some other UEs in the SCell, the NW may transmit the SSBs for other UEs as well as shown in Figure 1. When the UE may try other SSBs when it identifies the beam failure. If the UE identifies L1-RSRP for one of the other SSBs is above the threshold for CBD, it does not need to request SSBs; otherwise, it can request the SSBs.
In addition, current uplink beam indication is also based on SSB. If the UE identifies an MPE event, it can also request the SSBs for potential uplink beam switching to avoid the uplink performance loss.
Further, if it the UE identifies the L1-RSRP variation for the SSB associated with the active TCI state is so large, it may request the SSBs for further beam measurement and beam switching. 
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Figure 1: Transmitted SSBs in an SCell
Proposal 1: Support UE to request the SSBs for an SCell if one of the followings occurs:
· The UE declares beam failure and cannot identify a candidate beam for the SCell
· The UE declares MPE event for the SCell
· The UE declares the L1-RSRP variation for the SSB associated with active TCI is above a threshold

Mechanism to transmit the UE request
Since the UE request is for SCell, the UE can still communicate with the NW by PCell or another SCell. Therefore, one possible way is to transmit the UE request of the SSB by MAC CE, which is similar to SCell BFR. The UE can also transmit an SR to request the uplink resource to transmit the MAC CE. The SR can be dedicatedly configured for the on-demand SIB. In the MAC CE, the UE can report the SCell index and the event to trigger the SSB. Then the NW can decide whether to activate all SSBs or part of SSBs.
Proposal 2: Support to transmit the UE request of SSB for SCell by MAC CE
· Support the UE transmits a dedicatedly configured SR to request the uplink resource for the MAC CE
· UE reports at least the SCell index and the event to trigger the SSB in the MAC CE

NW response to the UE request of SSB
After receiving the response, the NW can activate part of or all SSBs for the SCell the UE has reported. The NW can activate the SSBs for SCell by MAC CE, e.g., MAC CE for SCell activation/deactivation. With regard to inter-cell BM and inter-cell mTRP, the NW may activate the SSBs for current serving cell or neighbor cell. Thus, the NW can indicate the activation/deactivation status for each SSBs configured in ssb-PositionsInBurst.
Proposal 3: Support the NW to configure the activation/deactivation status for SSBs for current serving cell or neighbor cell in an SCell based on MAC CE.
· The NW indicates the activation/deactivation status for the SSBs based on the SSBs configured in ssb-PositionsInBurst
Rate matching with regard to dynamic activation/deactivation of SSB
Since the NW can activate/deactivate SSBs in an SCell dynamically, and transmit the activation/deactivation signaling to the UEs by UE-dedicated signaling. Then as shown in Figure 2 for UE-dedicated signal, the rate matching pattern can be based on the activated SSBs. However, for non-UE dedicated signal, the rate matching pattern should still be based on the SSB configured in ssb-PositionsInBurst.  
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Figure 2: Rate matching pattern for different UEs in the SCell
Proposal 4: For non-UE dedicated signals, the rate matching pattern should be based on the activated SSBs.
Proposal 5: For UE-dedicated signals, the rate matching pattern should be based on SSB configured in ssb-positionInBurst.
NW activates/deactivates SSB without UE request
The NW may activate/deactivate the SSB without UE request. For example, after TCI activation, the NW may activate an SSB associated with the newly activated TCI states. After SCell activation/deactivation, the NW may activate an SSB for initial time/frequency offset tracking for the SCell. Therefore, the mechanism for NW activating/deactivating SSB without UE request should be supported. One possible way is to automatically activate the SSB associated with the activated TCI by the TCI activation MAC CE. Another possible way is to indicate one activated SSB by the SCell activation/deactivation signaling.
Proposal 6: Support the following mechanisms to activate SSB for an SCell
· Activate the SSB associated with active TCI states by the MAC CE for TCI activation
· Activate one SSB by SCell activation/deactivation signaling

Conclusion
In this contribution, we provided discussion on on-demand SSB for SCell. Based on the discussion, the following proposals are provided.
Proposal 1: Support UE to request the SSBs for an SCell if one of the followings occurs:
· The UE declares beam failure and cannot identify a candidate beam for the SCell
· The UE declares MPE event for the SCell
· The UE declares the L1-RSRP variation for the SSB associated with active TCI is above a threshold
Proposal 2: Support to transmit the UE request of SSB for SCell by MAC CE
· Support the UE transmits a dedicatedly configured SR to request the uplink resource for the MAC CE
· UE reports at least the SCell index and the event to trigger the SSB in the MAC CE
Proposal 3: Support the NW to configure the activation/deactivation status for SSBs for current serving cell or neighbor cell in an SCell based on MAC CE.
· The NW indicates the activation/deactivation status for the SSBs based on the SSBs configured in ssb-PositionsInBurst
Proposal 4: For non-UE dedicated signals, the rate matching pattern should be based on the activated SSBs.
Proposal 5: For UE-dedicated signals, the rate matching pattern should be based on SSB configured in ssb-positionInBurst.
Proposal 6: Support the following mechanisms to activate SSB for an SCell
· Activate the SSB associated with active TCI states by the MAC CE for TCI activation
· Activate one SSB by SCell activation/deactivation signaling
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