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1. Introduction
The following objective has been included in NES enhancement in R19 [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.
[bookmark: _Toc12718547]In this paper, we share some understanding on the general solution from RAN2 perspective.
2. Discussion
2.1. Understanding on the scenarios
There has been discussion in RAN1 [2] on the scenarios with the following agreements made:
------------------------------------------------------RAN1#116bis Agreements------------------------------------------------------
Agreement
For the identified scenarios and cases (as per RAN1#116 agreement), on-demand SSB can be triggered by gNB at least for the following scenarios/cases:
· Scenario #2 and Case #1
· Scenario #2 and Case #2
· Scenario #2A and Case #1
· Scenario #2A and Case #2
· FFS: Scenario #3A and Case #1
· FFS: Scenario #3A and Case #2
· FFS: Scenario #3B and Case #1
· FFS: Scenario #3B and Case #2
· For Case #1, once on-demand SSB is triggered, its transmission is in a periodic manner.
· Note: This does not imply periodic on-demand SSB is transmitted indefinitely after triggered.
· Notes:
· Scenario #2A refers to
· “When UE receives SCell activation command (e.g., as defined in TS 38.321)”
· Scenario #3A refers to
· “After UE receives SCell activation command (e.g., as defined in TS 38.321) until SCell activation is completed”
· Scenario #3B refers to
· “When SCell activation is completed and SCell is activated” or
· “After SCell activation is completed and SCell is activated”
· For discussion purpose under AI 9.5.1, always-on SSB is SSB supported in Rel-18 specifications.
· Timing for on-demand SSB transmission (e.g. when the triggered SSB starts and ends) will be separately discussed.
------------------------------------------------------RAN1#116bis Agreements------------------------------------------------------
And the understanding on the first 4 scenarios with no FFS are as follows:
· Scenario #2 and Case #1
There is no always-on SSB on the cell.
On-demand SSB is triggered when SCell is configured to a UE but before the UE receives SCell activation command and.
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Figure 1: Scenario#2 and Case#1

· Scenario #2 and Case #2
Always-on SSB is periodically transmitted on the cell
On-demand SSB is triggered when SCell is configured to a UE but before the UE receives SCell activation command and.
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Figure 2: Scenario#2 and Case#2

· Scenario #2A and Case #1
There is no always-on SSB on the cell.
On-demand SSB is triggered when UE receives SCell activation command.


Figure 4: Scenario#2A and Case#1

· Scenario #2A and Case #2
Always-on SSB is periodically transmitted on the cell.
On-demand SSB is triggered when UE receives SCell activation command.


Figure 4: Scenario#2A and Case#2

In RAN2, we can start with the scenarios identified by RAN1 with no FFS marked.
Proposal 1: RAN2 start with the following scenarios for on demand SSB SCell operation with down-selection in future discussion:
· Scenario #2 and Case #1:
· There is no always-on SSB on the cell.
· On-demand SSB is triggered when SCell is configured to a UE but before the UE receives SCell activation command and.
· Scenario #2 and Case #2
· Always-on SSB is periodically transmitted on the cell
· On-demand SSB is triggered when SCell is configured to a UE but before the UE receives SCell activation command and.
· Scenario #2A and Case #1
· There is no always-on SSB on the cell.
· On-demand SSB is triggered when UE receives SCell activation command.
· Scenario #2A and Case #2
· Always-on SSB is periodically transmitted on the cell.
· On-demand SSB is triggered when UE receives SCell activation command.
2.2. On demand SSB procedure
For both Scenario #2 and #2A, we understand the SCell(s) supporting on demand SSB would be added but deactivated at first. In the existing SCell addition and activation mechanism, when a SCell is configured but deactivated, the UE does not need to receive the corresponding PDCCH or PDSCH, but would still monitor SSB. For case#1 when there is no always on SSB, UE needs to be aware of the situation and then not monitor SSB. For case#2, UE also needs to know on demand SSB is supported.
This can be achieved by indicating the on demand SSB SCells during SCell addition and modification.
Proposal 2: The SCell(s) supporting on demand SSB would be added but deactivated at first.
Proposal 3: UE needs to be aware of for which SCell(s) the on demand SSB is supported. NW can indicate the on demand SSB SCells during SCell addition and modification.
The on demand SSB procedure can be triggered when UL or DL traffic arrives and more activate SCells are needed. 
For Scenario#2, when DL traffic arrives, the on demand SSB procedure can be triggered by network, for example, the PCell wake up SCells and indicate to UE that the corresponding SCell would start to transmit SSB (for case#1) or start more frequent SSB transmission (for case#2). UE would then measure these SCells and network can decide to activate one or more of them for UE. When UL traffic arrives, UE can report to the PCell that more SCells are needed and would like to trigger on demand SSB procedure to measure more SCells to be activated later. PCell would then wake up SCells and indicate to UE that the corresponding SCell would start to transmit SSB (for case#1) or start more frequent SSB transmission (for case#2).
In this case, a separate signaling is need to indicate to UE that the corresponding SCell would start to transmit SSB (for case#1) or start more frequent SSB transmission (for case#2).


For Scenario#2A, when DL traffic arrives, the on demand SSB procedure can be triggered by network, for example, the PCell wake up SCell(s) and activate for UE. When UL traffic arrives, UE can report to the PCell that more SCells are needed and would like to trigger on demand SSB procedure to measure more SCells to be activated later. PCell would then wake up SCells and activate for UE.
In this case, the SCell activation MAC CE can be reused to trigger on demand SSB and activate SCells at the same time.


Proposal 4: The on demand SSB procedure can be triggered by PCell when DL traffic arrives or by UE when UL traffic arrives.
Proposal 5: NW should indicate to UE which SCell(s) would start to transmit SSB (for case#1) or start more frequent SSB transmission (for case#2). Introduce new signaling or reuse SCell activation/deactivation MAC CE for this purpose.
3. Conclusion and proposals
Based on the analysis in previous sections, the following proposals are given: 
Proposal 1: RAN2 start with the following scenarios for on demand SSB SCell operation with down-selection in future discussion:
· Scenario #2 and Case #1:
· There is no always-on SSB on the cell.
· On-demand SSB is triggered when SCell is configured to a UE but before the UE receives SCell activation command and.
· Scenario #2 and Case #2
· Always-on SSB is periodically transmitted on the cell
· On-demand SSB is triggered when SCell is configured to a UE but before the UE receives SCell activation command and.
· Scenario #2A and Case #1
· There is no always-on SSB on the cell.
· On-demand SSB is triggered when UE receives SCell activation command.
· Scenario #2A and Case #2
· Always-on SSB is periodically transmitted on the cell.
· On-demand SSB is triggered when UE receives SCell activation command.
Proposal 2: The SCell(s) supporting on demand SSB would be added but deactivated at first.
Proposal 3: UE needs to be aware of for which SCell(s) the on demand SSB is supported. NW can indicate the on demand SSB SCells during SCell addition and modification.
Proposal 4: The on demand SSB procedure can be triggered by PCell when DL traffic arrives or by UE when UL traffic arrives.
Proposal 5: NW should indicate to UE which SCell(s) would start to transmit SSB (for case#1) or start more frequent SSB transmission (for case#2). Introduce new signaling or reuse SCell activation/deactivation MAC CE for this purpose.
4. Reference
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