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 Introduction
This contribution discusses On-demand SSB SCell operation based on the agreements made in RAN1 #116.
 Discussions 
 Scenarios for On-demand (OD)-SSB SCell Operation
	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



We need to distinguish (a) network triggering signaling for OD-SSB transmission from (b) actual OD-SSB transmission. It is desirable to minimize change of the new UE behavior from legacy one for OD-SSB SCell operation. The current UE assumes SSB available all the time and therefore SSB is available before SCell activation command so that UE can perform (1) time/frequency sync and RRM measurement even before SCell activation command, (2) PDCCH decoding, and (3) CSI measurement/reporting, where (1) needs to be guaranteed before (2) and (3).
Therefore, we think the following conditions are imperative:
· Network triggering signaling for OD-SSB transmission and the corresponding OD-SSB transmission (UE assumption) should be ahead of SCell activation command.
· Application time from network triggering signaling for OD-SSB transmission to UE assumption of OD-SSB transmission is necessary for UE to prepare starting to receive OD-SSB (e.g. sample collection, L1 filtering, L3 filtering, etc).
· Application time from network triggering signaling for OD-SSB termination to UE assumption of OD-SSB termination is necessary for UE to prepare stopping to receive OD-SSB (e.g. re-adjust RRM schedule timeline, RRM measurement resource rearrangement at UE, etc)
· Network triggering to terminate OD-SSB transmission also needs to be supported.
· The same behavior as in legacy as much as possible is desirable after SCell activation command is received.

Scenario #2 (SCell is configured to a UE but before the UE receives SCell activation command (e.g., as defined in TS 38.321)) could support the following use cases:
· SCell activation/deactivation for intra/inter-band CA with collocated/non-collocated CA: UE performs RRM measurements using OD-SSB after SCell is configured but before SCell is activated. The network can activate SCell based on RRM measurements.
· Handover to the cell which was SCell: UE performs RRM measurements using OD-SSB after SCell is configured but before SCell is activated. The network can handover the UE to the which was SCell.
· SSB-less operation for collocated CA: SSB-less operation has been supported up to Rel-18 for collocated CA scenario (intra-band contiguous, intra-band non-contiguous, and FR1 inter-band CA). Time/frequency synchronization and RRM measurement are based on collocated PCell or another collocated SCell. SSB-less SCell is blindly activated and TRS should be transmitted on the SSB-less SCell for time/frequency synchronization. If it turns out the signal quality of the SCell is not enough, the SCell will be deactivated. During this time, UE will unnecessarily consume power by decoding PDCCH and CSI measurements. OD-SSB SCell operation before SCell activation command could prevent the undesirable UE behavior.
· SSB-less operation for non-collocated CA: OD-SSB is essential to be supported for this scenario since UE cannot rely on PCell or another SCell for time/frequency synchronization.
· OD-SSB transmissions from multiple cells on the same frequency as SCells: One of use cases of OD-SSB would be that UE is able to perform RRM measurement from multiple cells on the same frequency as SCells which have not transmitted SSB.
Scenario #3 (After UE receives SCell activation command (e.g., as defined in TS 38.321)) may imply two cases: (1) Network triggering for OD-SSB is sent before SCell activation command but UE assumption of OD-SSB transmission is after SCell activation command (2) Both network triggering for OD-SSB and UE assumption of OD-SSB transmission are after SCell activation command. It is not clear for us to understand use case of Scenario #3 while it changes UE implementation and behavior significantly. We suggest to prioritize Scenario #2 and deprioritize Scenario #3 - at least the case where the case where UE assumption of OD-SSB transmission is after SCell activation command should be precluded. Figure 1 illustrates OD-SSB SCell operation with Scenario #2.
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Proposal 1: Scenario #2 (SCell is configured to a UE but before the UE receives SCell activation command (e.g., as defined in TS 38.321)) is prioritized for further discussions. Scenario #3 (After UE receives SCell activation command (e.g., as defined in TS 38.321)) is deprioritized. 
· Scenario #2 is further categorized to two operations: (1) timing of network triggering signaling and (2) timing UE assumes OD-SSB transmission, before SCell activation command
· Network triggering to terminate OD-SSB transmission is also supported.
· Support the following application times:
· Application time A from network triggering signaling for OD-SSB transmission to UE assumption of OD-SSB transmission
· Application time B from network triggering signaling for OD-SSB termination to UE assumption of OD-SSB termination
· Preclude at least the case in Scenario #3 where both network triggering for OD-SSB and UE assumption of OD-SSB transmission are after SCell activation command
 
 OD-SSB Transmission Pattern
	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


 
Barring the legacy UE in IDLE/INACTIVE is necessary not to negatively impact to the legacy UE. On FFS point of the above agreement, we think both CD (Cell Defined)-SSB and NCD (Non-Cell Defined)-SSB can be considered for OD-SSB SCell operation. If the value in IE ‘cellBarrd’ in MIB is ‘barred’, the UE does not proceed to decode SIB1 and is barred to the cell. This will help legacy UE effectively barred in IDLE/INACTIVE modes even if OD-SSB is CD-SSB. Therefore, we think OD-SSB does not have to be associated with NCD-SSB.
Proposal 2: The legacy UE in IDLE/INACTIVE modes is barred in the cell supporting OD-SSB SCell operation.
· Both CD-SSB and NCD-SSB can be supported for OD-SSB, where the legacy UE is barred by ‘cellBarred’ IE in MIB.
While legacy UE is barred in IDLE/INACITVE modes, the cell supporting OD-SSB SCell operation can be configured SCell for the legacy UE as long as OD-SSB transmission is compatible to legacy SSB. This is up to gNB configuration and thus NES capable UE does not need to assume there is always-on periodic SSB. Therefore, we prefer to focus on Case #1 (No always-on SSB on the cell).
Proposal 3: RAN1 prioritizes Case #1 (No always-on SSB on the cell) over Case #2 (Always-on SSB is periodically transmitted on the cell) for further discussions. 

	Agreement
· For SSB burst(s) triggered by on-demand SSB SCell operation, study at least the following options.
· Option 1: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A.
· Option 1A: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A until gNB turns OFF the on demand SSB
· Option 2: UE expects that on-demand SSB burst(s) is transmitted from time instance A to time instance B and not transmitted after time instance B.
· Option 3: UE expects that on-demand SSB burst(s) is transmitted N times after time instance A and not transmitted after N on-demand SSB bursts are transmitted.
· Option 4: UE expects that on-demand SSB burst(s) is transmitted with a periodicity from time instance A to time instance B and with the other periodicity after time instance B.
· FFS: The combination of above options
· FFS: How to define time instance A/B and the value of N per option
· FFS: Each option is applicable to which Cases or Scenarios (as per the previous agreement)




As discussed in Section 2.1, application time from network triggering/termination signaling to OD-SSB transmission/termination is necessary for UE to prepare starting/stopping OD-SSB reception/stopping. This can be achieved by combination of Option 1, 1A and 2. Pre-determined OD-SSB transmission pattern limits the network flexibility without clear benefit compared to network based signaling for transmission and termination. Dynamic/semi-static change of OD-SSB periodicity (Option 4) during SCell activation period would not be desirable for UE implementation without clear benefit. Therefore, we propose the combination of Option 1, 1A and Option 2 as follows:

Proposal 4: For SSB burst(s) triggered by on-demand SSB SCell operation, UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A to time instance B. UE assumes OD-SSB is not transmitted after time instance B.
· Time instance A: After UE receives network triggering signaling for OD-SSB transmission
· Time instance B: After UE receives network triggering signaling for OD-SSB termination
· FFS application time values for A and to B

 Signaling to trigger OD-SSB transmission
	Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE



The network triggering message would need to provide the functions of both OD-SSB transmission and termination. The following options are largely considered:
· Option 1: group common DCI 
· Option 2: UE dedicated MAC-CE
· Option 3: Other MAC-CE subheader, e.g. RAR

Proposal 5: On network triggering signaling for OD-SSB SCell operation, the following options are considered for further discussions:
· Option 1: group common DCI 
· Option 2: UE dedicated MAC-CE
· Option 3: Other MAC-CE subheader, e.g. RAR


Conclusions 
 In this contribution, we discussed OD-SSB SCell operation. Our proposals are summarized below.

Proposal 1: Scenario #2 (SCell is configured to a UE but before the UE receives SCell activation command (e.g., as defined in TS 38.321)) is prioritized for further discussions. Scenario #3 (After UE receives SCell activation command (e.g., as defined in TS 38.321)) is deprioritized. 
· Scenario #2 is further categorized to two operations: (1) timing of network triggering signaling and (2) timing UE assumes OD-SSB transmission, before SCell activation command
· Network triggering to terminate OD-SSB transmission is also supported.
· Support the following application times:
· Application time A from network triggering signaling for OD-SSB transmission to UE assumption of OD-SSB transmission
· Application time B from network triggering signaling for OD-SSB termination to UE assumption of OD-SSB termination
· Preclude at least the case in Scenario #3 where both network triggering for OD-SSB and UE assumption of OD-SSB transmission are after SCell activation command

Proposal 2: The legacy UE in IDLE/INACTIVE modes is barred in the cell supporting OD-SSB SCell operation.
· Both CD-SSB and NCD-SSB can be supported for OD-SSB, where the legacy UE is barred by ‘cellBarred’ IE in MIB.

Proposal 3: RAN1 prioritizes Case #1 (No always-on SSB on the cell) over Case #2 (Always-on SSB is periodically transmitted on the cell) for further discussions. 

Proposal 4: For SSB burst(s) triggered by on-demand SSB SCell operation, UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A to time instance B. UE assumes OD-SSB is not transmitted after time instance B.
· Time instance A: After UE receives network triggering signaling for OD-SSB transmission (see Proposal 1)
· Time instance B: After UE receives network triggering signaling for OD-SSB termination (see Proposal 2)
· FFS application time values for A and to B

Proposal 5: On network triggering signaling for OD-SSB SCell operation, the following options are considered for further discussions:
· Option 1: group common DCI 
· Option 2: UE dedicated MAC-CE
· [bookmark: _GoBack]Option 3: Other MAC-CE subheader, e.g. RAR
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