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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the Rel-19 network energy saving enhancement WI [1], one objective is on-demand SSB (OD-SSB) SCell operation.
	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]
0. 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)
0. 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.


For this objective, RAN1 has made some progress which are shown in the Appendix. With RAN1’s progress, this paper will provide our preference on the scenarios and solutions for this objective.  
2. Discussion
0. Scenario
In RAN1#116bis meeting, RAN1 has agreed OD-SSB can be indicated by the network at least when the SCell is in deactivated state (i.e., Scenario #2), or when the UE receives SCell activation command (i.e., Scenario #2A). Whether to support Scenario #3A and Scenario #3B are still FFS. 
From our understanding, Scenario #3A has the similar gain as the Scenario #2A, i.e., for fast SCell activation. Scenario #2A has been agreed, so whether to support Scenario #3A may depend on what solution will be adopted for Scenario #2A. If two separate signaling are used to indicate SCell activation and OD-SSB transmission respectively for Scenario #2A, there is no additional specification effort to also support Scenario #3A, otherwise, we don’t see the need to support Scenario #3A on top of Scenario #2A. 
	RAN1#116bis 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.


For Scenario #3B, the UE needs to monitor PDCCH periodically based on C-DRX cycle when the SCell is in activated, so there should be always-on SSB after the SCell is in activated status. And there is no clear gain of using OD-SSB when the SCell is in activated with always-on SSB transmitted with up to 160 ms cycle. Given above, we have the following proposal: 
Proposal 1 On the basis of Scenario 2A, Scenario #3A (i.e., OD-SSB is indicated after UE receives SCell activation command until SCell activation is completed) can be supported if no additional standard effort is required.  
Proposal 2 Do not support Scenario #3B (i.e., OD-SSB is indicated after SCell activation completion).
 
In RAN1#116bis meeting, RAN1 has agreed it is up to gNB implementation whether always-on SSB (if transmitted) on the cell is cell-defining SSB or not, and left the below open issue for OD-SSB.   
	RAN1#116bis Agreement
· For a cell supporting on-demand SSB SCell operation,
· Note: It is up to gNB implementation whether always-on SSB (if transmitted) on the cell is cell-defining SSB or not.
· For on-demand SSB on the cell, downselect between the following alternatives
· Alt-1: It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
· Alt-2: On-demand SSB is limited to non-cell-defining SSB.
· FFS: Further limitations to on-demand SSB 


If OD-SSB is cell-defining SSB, the triggered OD-SSB can be detected by the RRC_IDLE/INACTIVE UE. Upon detection, RRC_IDLE/INACTIVE UE may camp on this cell if the cell (re)selection criteria is fulfilled. If there is always-on CD SSB on the cell supporting OD-SSB SCell operation, the UE still can camp on this cell even the OD-SSB disappears. If there is no always-on CD SSB on the cell supporting OD-SSB SCell operation, the UE may have ping-pong cell re-selection issue among normal cells and OD-SSB cells. To avoid such issue, the network can use existing cell bar/cell reselection black cell lists to prevent the RRC_IDLE/INACTIVE UEs from camping. Thus, we think the network can determine whether OD-SSB is cell-defining SSB or not and already has the sufficient mechanisms to reduce the impact on RRC_IDLE/INACTIVE UEs. Hence, we have the following proposal: 
Proposal 3 It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not. 

0. Signaling
In RAN1#116bis meeting, signalling design was discussed and the below agreement were made.
	RAN1#116bis agreement
For a cell supporting on-demand SSB SCell operation, further study the following options.
· Option 1: Separate signaling between legacy/existing signaling (e.g., RRC, MAC CE) providing SCell activation/deactivation and signaling providing On-demand SSB transmission indication.
· Option 2: A single signaling in which both SCell activation/deactivation and On-demand SSB transmission indication are provided.
· FFS: Details of the signaling
· Other options are not precluded.
· FFS: Details on On-demand SSB transmission indication


Apparently, the above option 1 anyway is needed for the agreed Scenario #2, and the question is whether option 1 can be used for Scenario #2A as well. The answer depends on whether there is any new requirement at the UE behaviour regarding to combining the two indications. At the UE side, currently, if the SCell is activated by RRC, the UE shall activate the SCell according to the timing defined in TS 38.133 for direct SCell activation, and if the SCell is activated by MAC CE, the UE shall activate the SCell according to the timing defined in TS 38.213 for MAC CE activation. In OD-SSB operation, if the UE requirement is the same no matter the UE combines the two indications or treats the two indications independently, then option 1 can be used for Scenario #2A. This issue is mainly related to RAN1 and RAN4, so we can wait more progress in both RAN1 and RAN4. 
Proposal 4 For on-demand SSB SCell operation, RAN2 starts signalling design after RAN1/4 made further progress. 
3. Conclusion
In this paper, the following proposals are given: 
Proposal 1 [bookmark: _GoBack]On the basis of Scenario 2A, Scenario #3A (i.e., OD-SSB is indicated after UE receives SCell activation command until SCell activation is completed) can be supported if no additional standard effort is required.
Proposal 2 Do not support Scenario #3B (i.e., OD-SSB is indicated after SCell activation completion).  
Proposal 3 It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
Proposal 4 For on-demand SSB SCell operation, RAN2 starts signalling design after RAN1/4 made further progress.
4. References
[bookmark: _Ref47937798][1] RP-240170, Revised WID for Enhancements of network energy savings for NR, Ericsson. 
5. Appendix (RAN1 agreements)
RAN1#116bis 
	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.

Agreement
· For a cell supporting on-demand SSB SCell operation,
· Note: It is up to gNB implementation whether always-on SSB (if transmitted) on the cell is cell-defining SSB or not.
· For on-demand SSB on the cell, downselect between the following alternatives
· Alt-1: It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not.
· Alt-2: On-demand SSB is limited to non-cell-defining SSB.
· FFS: Further limitations to on-demand SSB 

Agreement
· For a cell supporting on-demand SSB SCell operation,
· L1 and/or L3 measurement based on on-demand SSB is supported for the cell.
· FFS further details on L1 and/or L3 measurement

Agreement
The following agreement from RAN1#116 is modified (in red)
· For SSB burst(s) triggeredindicated 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)

Agreement
For a cell supporting on-demand SSB SCell operation, further study the following options.
· Option 1: Separate signaling between legacy/existing signaling (e.g., RRC, MAC CE) providing SCell activation/deactivation and signaling providing On-demand SSB transmission indication.
· Option 2: A single signaling in which both SCell activation/deactivation and On-demand SSB transmission indication are provided.
· FFS: Details of the signaling
· Other options are not precluded.
· FFS: Details on On-demand SSB transmission indication



RAN1#116  
	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 
Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.

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



