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1	Introduction
According to the WID, the following objective has been agreed on on-demand SSB SCell operation for NES:
	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.


In this contribution, we would like to discuss the procedures and signalling to support on-demand SSB and have corresponding observations and proposals.
2	Discussion
2.1 Applicable scenarios of on-demand SSB
RAN1 has discussed the scenarios of on-demand SSB and achieved the following agreement. 
	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



· Scenario #2:
In CA operation, after SCell is added, NW can rely on SSB-based measurement reports from UE to add/modify/remove SCell(s) by RRC signaling, i.e., SCell modification/removal could happen when NW detects that the quality of the added SCell getting worse than a neighboring cell, which can happen when the UE is moving. 
· Scenario #3:
After the SCell is added, it is up to NW implementation whether to activate the SCell to increase the UL/DL data volume by MAC CE. During the SCell activation procedure, SSB is necessary for UE to synchronize in time/frequency domain and perform measurement. 
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Figure 1
Since the supported scenarios are still under RAN1’s discussion, RAN2 should avoid duplicated discussion and wait for RAN1. 
Proposal 1: RAN2 to wait for RAN1 conclusion on the supported scenarios.
[bookmark: OLE_LINK10]2.2 NW trigger or UE trigger
As captured in the WID, there are three potential triggering methods for on-demand SSB: 
· Method 1: Cell on/off indication via backhaul
· Method 2: Scell activation/deactivation signalling
· Method 3: UE uplink wake-up-signal
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Figure 2
Both method 1 and method 2 are up to gNB to trigger the transmission of SSB without considering the requirement of UE while method 3 is based on UE demand. Theoretically, gNB can determine whether to transmit SSB or not totally depending on its requirement or decision. For example, as indicated previously, after a SCell is added, gNB regularly instructs the UE to perform measurement on this SCell. If the SSB transmission on the SCells is of on-demand manner, then the NW triggers SSB transmission on these Scells.
Observation 1: NW can determine whether to trigger the on-demand SSB transmission based on requirement, e.g., for measurement. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]However, network-only mechanism cannot perfectly fit the requirement or conditions at UE side. For example, after SCell is activated, UE may need to request gNB to send SSB in order to acquire more accurate measurement and T/F sync to prepare for DL reception/UL transmission. Given that, it is reasonable to allow UE to send wake-up-signal for requesting SSB so as a better trade-off between energy saving and QoS. Therefore, we think both NW trigger and UE trigger should be supported. 
Observation 2: Network-only mechanism cannot perfectly fit the requirement or conditions at UE side. UE based trigger is a better trade-off between energy saving and QoS. 
Proposal 2: RAN2 to agree to support both NW-based trigger and UE-based trigger of on-demand SSB transmission.
In addition, both method 1 and method 2 belong to NW-based trigger, however we think there are some difference between these two methods. For method 1, it relies on ideal backhaul indication from PCell to SCell, e.g., between CU and DU to trigger the SSB transmission on the SCell and meanwhile, PCell would inform UE about the transmission of on-demand SSB on SCell. Therefore, in our understanding, method 1 aims to introduce additional indication via F1 message on top of method 2, which should be firstly discussed by RAN3. From RAN2 point of view, method 2 and method 3 should be prioritized and discussed firstly. 
Proposal 3: Method of cell on/off indication via backhaul should be firstly discussed by RAN3.
[bookmark: OLE_LINK11]2.3 DL SSB transmission indication
As shown in Figure 2 above, for both method 1 and method 2, indication to UE from PCell on the transmission of SSB is needed as gNB triggers the SSB transmission by implementation and this information needs to be informed to the UE for RRM measurement and/or T/F sync. However for method 3, since the SSB transmission is triggered by UE, there is no need to have this indication, i.e., after sending UL WUS, UE monitors SSB on configured SSB occasion. 
Observation 3: NW needs to inform the UE of the SSB transmission if the SSB transmission is triggered by NW. 
In addition, how to indicate the transmission of SSB also depends on the supported scenarios. To be more detailed, if scenario #2 is confirmed to be supported, as long as NW has the necessity of the measurement report, NW can trigger the SCell to transmit SSB and indicate the activation of SSB transmission to UE, via a new defined MAC CE or DCI. 
Observation 4: To support scenario #2, a new defined MAC CE or DCI can be used to indicate the SSB transmission. 
While if scenario #3 is confirmed to be supported, SCell activation MAC CE can be utilized directly to trigger the transmission of SSB or a separate indication before SCell activation as that used for scenario #2 can be considered, e.g., SSB transmission is earlier than SCell activation. 
Observation 5: To support scenario #3, SCell activation MAC CE can be used to indicate the SSB transmission. 
Therefore, we suggest RAN2 to wait for RAN1 conclusion on the supported scenarios before discussing the detailed signalling to indicate the SSB transmission.
Proposal 4: RAN2 postpone the discussion on the DL SSB transmission indication until there is conclusion from RAN1 on the supported scenarios.
2.4 UL SSB transmission request
As indicated previously, we think UE-based trigger should be supported. This allows UE to request the SSB transmission when needed e.g., for RRM measurement or T/F sync. However, before sending the request, UE should firstly check if the SCell is sending SSB e.g., if the SCell is triggered to send SSB by NW or other UEs, there is no need to duplicate the request. In addition, there are two candidate methods to send the request as listed below.
· Option 1: UE informs PCell and PCell triggers SSB transmission
· Option 2: UE informs SCell via UL WUS

For option 1, since UE already has T/F sync on PCell, a new UL indication via PCell can be defined to inform the NW the serving cell index associated with the SCell for which SSB is requested. For option 2, UE firstly needs to obtain WUS configuration from PCell and as long as UE determines to trigger the SSB transmission on a certain SCell, UE sends UL WUS directly on the SCell, e.g., a reserved preamble. However since UE still has no T/F sync on SCell, how to send UL WUS should be further discussed. 
Proposal 5: UE should check if the SCell is transmitting SSB before sending UL SSB transmission request. FFS how to send UL SSB transmission request. 
2.5 RRC impact
No matter of which scenario and which trigger to be supported, UE should be informed of whether a SCell is a normal SCell or on-demand SSB SCell. This is because without this information, UE may derive incorrect measurement results with the assumption that the SCell is normal SCell and SSB is transmitted. It may cause problems on RRM procedure as the accuracy of measurement may be significantly degraded. Therefore, we think upon SCell addition, NW should indicates whether the SSB transmission on the SCell is on-demand manner. 
Proposal 6: Upon SCell addition, NW indicates whether the SSB transmission on this SCell is on-demand manner.
2.6 Impact on RRC_IDLE/INACTIVE UE
According to the WID, on-demand SSB serving cell cannot operate as a PCell, which means this kind of serving cell should prevent UEs from camping on. Candidate solutions are listed as below. 
· Option 1: cellbarred in MIB is set to barred
· Option 2: on demand SSB cell is not visible to RRC_IDLE/INACTIVE UEs
Option 1 is the most straightforward solution and applies to both cell selection and cell reselection. For option 2, some details should be further considered, e.g., if the on-demand SSB cell is deployed per frequency, then this frequency should not be included in cell selection/reselection frequency while if the on-demand SSB cell is deployed per cell, then this cell should be included in the excluded cell list in SIB3/4. As long as UE camps on a normal cell, UE will not reselect to an on-demand SSB serving cell since this cell is not visible to UE based on the broadcasted selection/reselection frequency or excluded cell list. In this case, option 2 is only applicable to cell reselection. 
However, even without any solution, there seems no serious problem. This is because if UE cannot obtain the SSB on this cell, UE will not camp on this cell and if UE obtains the SSB by chance and determines to camp on this cell, for example, this cell is transmitting SSB when UE performs cell selection/reselection, UE can just camp on. After camping, if this cell stops SSB transmission, UE will perform cell reselection according to the existing conditions.  Therefore, we suggest RAN2 to further discuss whether and how to prevent RRC_IDLE/INACTIVE UEs from camping on the on-demand SSB cell.   
Proposal 7: RAN2 to discuss whether and how to prevent RRCZ_IDLE/INACTIVE UEs from camping on the on-demand SSB cell. 
3	Conclusion		
In this contribution, we discussed the procedures and signalling to support on-demand SSB and have corresponding observations and proposals:
Observation 1: NW can determine whether to trigger the on-demand SSB transmission based on requirement, e.g., for measurement. 
Observation 2: Network-only mechanism cannot perfectly fit the requirement or conditions at UE side. UE based trigger is a better trade-off between energy saving and QoS. 
Observation 3: NW needs to inform the UE of the SSB transmission if the SSB transmission is triggered by NW. 
Observation 4: To support scenario #2, a new defined MAC CE or DCI can be used to indicate the SSB transmission. 
Observation 5: To support scenario #3, SCell activation MAC CE can be used to indicate the SSB transmission. 
Proposal 1: RAN2 to wait for RAN1 conclusion on the supported scenarios.
Proposal 2: RAN2 to agree to support both NW-based trigger and UE-based trigger of on-demand SSB transmission.
Proposal 3: Method of cell on/off indication via backhaul should be firstly discussed by RAN3.
Proposal 4: RAN2 postpone the discussion on the DL SSB transmission indication until there is conclusion from RAN1 on the supported scenarios.
Proposal 5: UE should check if the SCell is transmitting SSB before sending UL SSB transmission request. FFS how to send UL SSB transmission request. 
Proposal 6: Upon SCell addition, NW indicates whether the SSB transmission on this SCell is on-demand manner.
Proposal 7: RAN2 to discuss whether and how to prevent RRCZ_IDLE/INACTIVE UEs from camping on the on-demand SSB cell. 
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