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Introduction
In the RAN#102 meeting, the new WI of enhancements of network energy savings for NR was set up [1], including on-demand SSB Scell operation, on-demand SIB1 for UE in idle/inactive mode and the adaptation of common signal/channel transmission. The related objective of on-demand SSB is listed below [1]: 

	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 provide our views on on-demand SSB Scell operation for UEs in RRC_CONNECTED mode configured with CA. 
[bookmark: _Hlk110416859]Discussion
To enable reasonable UE battery consumption when CA is configured, an activation/deactivation mechanism of Cells is supported, therefore, for a UE’s SCell of a CA cell group, there could be several state: activated state, deactivated state and during SCell activation procedure. SCell can be activated or deactivated by MAC CE from PCell.
When it comes on-demand SSB of a SCell, it means on-demand SSB can be activated in different SCell state. 
For the discussion of on-demand SSB Scell operation, the following agreements were made about scenarios in RAN1#116 meeting [2]: 
	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



In Scenario#2, on-demand SSB is triggered to start transmission  in a deactivated SCell, while in Scenario #3, SSB transmission begins during SCell activation procedure or after SCell activation.
Observation 1: On-demand SSB transmission may start at different SCell states.
For Scenario#2, it is suitable for the case with heavy UL traffic and on demand SSB is requested by UEs.
For Scenario #3, it is suitable for the case with heavy DL traffic and on demand SSB is triggered by gNB, or combining SSB adaptation with on-demand SSB to reduce network energy consumption and ensure quick recovery of normal SSB period.
Observation 2: Scenario #2 is suitable for the case with heavy UL traffic and on demand SSB is requested by UEs.
Observation 3: Scenario #3 is suitable for the case with heavy DL traffic and on demand SSB is triggered by gNB, or combining SSB adaptation with on-demand SSB to reduce network energy consumption and ensure quick recovery of normal SSB period.
Proposal 1: Both Scenario#2 and Scenario#3 are supported for on-demand SSB SCell operation.
In legacy, for a deactivated SCell, taking FR1 as an example, if 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, SCell is a known [3], otherwise SCell is unknown. And the activation delay for known SCell and unknown SCell is different, the activation delay of unknown SCell is longer than that of known SCell based on TS 38.133 [1].
Observation 4: In legacy, the activation delay of unknown Scell is longer than that of known SCell.
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When the capacity of PCell is not enough and UE detects heavy UL traffic, SCell activation can be requested by UE, and it’s realized by UE’s  SR/BSR sent to the network and SCell activation command from the network. ExisitingS Cell activation mechanism can be used as a reference for on-demand SSB triggering. 
To trigger the on-demand SSB transmission in the SCell, SR/BSR can be used for implicit trigger of on-demand SSB transmission. With existing SR/BSR, there’s no indication of UE’s preference of SCell to transmit on-demand SSB, therefore, enhanced explicit WUS signalling, for example dedicated RRC message or enhanced SR can be considered for triggering on-demand SSB.
Proposal 2: The following methods can be considered for on-demand SSB transmission triggering:
1. Implicit indication by SR/BSR to trigger on-demand SSB;
2. Introduce explicit WUS sigalling like dedicated RRC message or enhanced SR to trigger on-demand SSB.
In SCell activation mechanism, though UE may transmit SR/BSR, it’s the gNB to make the final decision which SCell is activated and indicate to the UE in SCell activation command. Similar, it’s better to have an gNB indication/confirmation to the UE to indicate which SCell’s SSB is activated, and this also helps to the UE’s measurement on that SCell. 
The next issue is whether SCell activation command can be reused for SCell on-demand SSB transmission indication. As discussed above, a known SCell may have less activation delay than a unknown SCell, if the SCell activation command is used for on-demand SSB transmission indication, UE will not perform measurement on the SCell  with on-demand SSB, even SSB is transmitted much early than the SCell activation command. Therefore, separate indication/confirmation of on-demand SSB transmission is preferred.
Proposal 3: Introduce an indication/confirmation message of on-demand SSB transmission, for example, a new MAC CE for this purpose.
Proposal 4: It’s gNB decision whether on-demand SSB is transmitted in a SCell.
RAN1 has identified two cases for on-demand SSB transmission as following:
	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 



For Scenario #2, after start of on-demand SSB transmission, on-demand SSB on the SCell is expected to be transmitted with at least normal period no matter which case identify in RAN1. Therefore, if SCell activation MAC CE command is send after on-demand SSB transmission in the SCell, with rational configuration, SCell can be known, valid measurement results can be reported by the UE, and this may reduce the SCell activation latency and avoid blind or wrong activation of SCell. 
Observation 5:With separate indication/confirmation of on-demand SSB transmission, the SCell activation latency can be reduced.
Besides, whether dense SSB is transmitted once triggered in the SCell is still under discussion, and in our opinion, it can be decided in RAN1/RAN4. If dense SSB is supported for on-demand SSB transmission, the on-demand SSB transmission indication/confirmation message can indicate whether dense SSB is used.
Proposal 5: Whether dense SSB is supported for on-demand SSB transmission is up to RAN1/4.
Proposal 6: If dense SSB is adopted, whether dense SSB is transmitted can be indicated int the on-demand SSB transmission indication/confirmation message.
On-demand SSB operation in Scenario #3
For Scenario #3, on-demand SSB is transmitted during SCell during SCell activation or after SCell activated.
If on-demand SSB transmission is started during SCell activation, it seems rational to used SCell activation command as indication of on-demand SSB transmission. If on-demand SSB transmission is after SCell activation, separate indication is preferred to avoid UE’s power consumption on measurement of the SCell. As discussed on Scenario #2, separate indication for Scenario #2 is more suitable, and to achieve a unform solution, separate indication/confirmation of on-demand SSB transmission proposed for Scenario #2 can be reused for Scenario #3.
Proposal 7: Uniform solution is preferred for Scenario #2 and Scenario #3 SSB-transmission indication/confirmation, i.e., separate indication/confirmation message is used.
Since SSB transmission in Scenario #3 is not early than SCell activation command, therefore, whether SCell is known or not depends on the SSB transmission status before on-demand SSB transmission. For the Case#2 identified by RAN1, it is related to the discussion of SSB adaptation, therefore, the corresponding discussion can be deprioritized. For the Case #1, since there’s no SSB, SCell is unknown based on the spec.
Observation 6: In Scenario #3 with no SSB transmission before on-demand SSB, SCell is known.
Proposal 8: Scenario #3 with always-on SSB periodically transmitted can be discussed later with the  progress of discussion on command signalling adaptation.
Conclusions
In this contribution, we discussed the applicable scenario, of on-demand SSB in SCell for connected UEs, and the following proposals and observations are made.
Proposals:
Proposal 1: Both Scenario#2 and Scenario#3 are supported for on-demand SSB SCell operation.
Proposal 2: The following methods can be considered for on-demand SSB transmission triggering:
1. Implicit indication by SR/BSR to trigger on-demand SSB;
2. Introduce explicit WUS sigalling like dedicated RRC message or enhanced SR to trigger on-demand SSB.
Proposal 3: Introduce an indication/confirmation message of on-demand SSB transmission, for example, a new MAC CE for this purpose.
Proposal 4: It’s gNB decision whether on-demand SSB is transmitted in a SCell.
Proposal 5: Whether dense SSB is supported for on-demand SSB transmission is up to RAN1/4.
Proposal 6: If dense SSB is adopted, whether dense SSB is transmitted can be indicated int the on-demand SSB transmission indication/confirmation message.
Proposal 7: Uniform solution is preferred for Scenario #2 and Scenario #3 SSB-transmission indication/confirmation, i.e., separate indication/confirmation message is used.
Proposal 8: Scenario #3 with always-on SSB periodically transmitted can be discussed later with the  progress of discussion on command signalling adaptation.
Observations:
Observation 1: On-demand SSB transmission may start at different SCell states.
Observation 2: Scenario #2 is suitable for the case with heavy UL traffic and on demand SSB is requested by UEs.
Observation 3: Scenario #3 is suitable for the case with heavy DL traffic and on demand SSB is triggered by gNB, or combining SSB adaptation with on-demand SSB to reduce network energy consumption and ensure quick recovery of normal SSB period.
Observation 4: In legacy, the activation delay of unknown Scell is longer than that of known SCell.
Observation 5:With separate indication/confirmation of on-demand SSB transmission, the SCell activation latency can be reduced.
Observation 6: In Scenario #3 with no SSB transmission before on-demand SSB, SCell is known.
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