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1. Introduction
[bookmark: Proposal_Pattern_Length]This document identifies RAN2 areas of interest/work for the following objective of R19 NES WID [1] and also, provides a summary overview of key points for RAN2 to consider RAN1 agreements/discussions.
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.
1. Discussion
Update on RAN1 agreements
The following points provides an overview on RAN1 agreements (marked in italic) which includes assumptions and scenarios to be studied when discussing how to enable on-demand SSB SCell operation:
· To strive for a common design for on-demand SSB operation considering all applicable CA configurations 
· Support on-demand SSB SCell operation triggered (or indicated) by gNB. FFS Details of associated signaling/indication/configuration provided to UE.
· NOTE: There was an intention to update RAN1#116 agreement to mention triggered or indicated in RAN1#116bis but not all agreements were updated accordingly due to lack of time.
· From UE point of view 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
NOTE: case #2 could be with different SSB periodicity than legacy or if the same, it is only always-on during certain time as explained later on.
[image: ]
[bookmark: _Ref165926808]Figure 1. Cases considered on how SSB is seen from UE side
· The following scenarios are identified to focus the discussion about when the on-demand SSB SCell operation is triggered/started (which includes the cases where network starts broadcasting it autonomously as well as when UE request its transmission):
· 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 #2(a): When 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
· Scenario #3(a): “After UE receives SCell activation command (e.g., as defined in TS 38.321) until SCell activation is completed”.
· Scenario #3(b): “When SCell activation is completed and SCell is activated” or “after SCell activation is completed and SCell is activated”.
· Note: Scenario #3(b) would be most likely coupled with Case #2 (i.e., periodic SSBs). I.e., OD-SSB would be done in addition or in replacement of the ongoing periodic SSB (e.g. SSB periodicity change before and after on-demand SSB trigger such as 160 msec before changed to 20 msec after).
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[bookmark: _Ref165926811]Figure 2. Scenarios considered for on-demand SBB SCell operation
NOTE: Instances (A) and (B) for scenario 3 could happen at same insteances of time.
· For SSB burst(s) triggered or indicated 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)

Notes: Few additional clarifications from our understanding on RAN1 discussion:
· On-demand SSB refers to any transmission of SSB different than legacy one. This may be a transmission aperiodic, non-uniform, with different periodicity than legacy or even a mixed of the behaviours over time (e.g., SSBs are transmitted with certain periodicity and after certain time it or a different periodicity may be used).
· SSB burst refers to multiple SSBs for each of the applicable beams (SSB for different index beam). From RAN2 discussion, this could be referred as a SSB transmission.
In addition, Table 1 summarizes the options agreed by RAN1 to study with scenarios and cases just explained:
[bookmark: _Ref165926946]Table 1. Possible options to trigger/indicate OD-SSB
	Options to trigger /indicate OD-SSB
	Start for periodic Tx of OD-SSB
	End for periodic Tx of 
OD- SSB
	SSB(s) after the end of periodic Tx of OD-SSB

	Option 1
	From TA
	None
	Tx of OD-SSB continues in a periodic manner

	Option 1A
	From TA
	Up to gNB (i.e. whenever gNB decides to stop it)
	Tx of OD-SSB stops

	Option 2
	From TA
	Until TB
	Tx of OD-SSB stops

	Option 3
	From TA
	Until gNB transmits N SSBs
	Tx of OD-SSB stops

	Option 4
	From TA
	Until TB
	Tx of OD-SSB continues but with different periodicity


Firstly, RAN1 agreed assumptions/scenarios for study should be RAN2 starting point and clarify, if needed, anything.
Proposal 1. [bookmark: _Toc165929227][bookmark: _Toc166076504][bookmark: _Toc166105793][bookmark: _Toc166159470][bookmark: _Toc166159617][bookmark: _Toc166159644][bookmark: _Toc162619626][bookmark: _Toc162619662][bookmark: _Toc162619694][bookmark: _Toc162897118][bookmark: _Toc162897387][bookmark: _Toc162898294][bookmark: _Toc162943736][bookmark: _Toc162943800][bookmark: _Toc163121538][bookmark: _Toc163127649][bookmark: _Toc163136598][bookmark: _Toc163141134][bookmark: _Toc165463031][bookmark: _Toc166160868]RAN2 confirms the following assumptions and scenarios to study related to OD-SSB SCell considering RAN1 related agreements:
Proposal 1.1. [bookmark: _Toc165929228][bookmark: _Toc166076505][bookmark: _Toc166105794][bookmark: _Toc166159471][bookmark: _Toc166159618][bookmark: _Toc166159645][bookmark: _Toc166160869]The triggered (or indication) for the OD-SSB SCell could be done by the network and UE.
Proposal 1.2. [bookmark: _Toc165929229][bookmark: _Toc166076506][bookmark: _Toc166105795][bookmark: _Toc166159472][bookmark: _Toc166159619][bookmark: _Toc166159646][bookmark: _Toc166160870]The transmission of OD-SSB SCell could be done case #1 only when required (i.e. in a non-uniform manner) or case #2 periodically (where its periodicity can be different than legacy).
Proposal 1.3. [bookmark: _Toc165929230][bookmark: _Toc166076507][bookmark: _Toc166105796][bookmark: _Toc166159473][bookmark: _Toc166159620][bookmark: _Toc166159647][bookmark: _Toc166160871]Possible scenarios about when/how to “indicate” the “start of OD-SSB” (which includes the cases where network starts broadcasting it autonomously as well as when UE request its transmission):
Proposal 1.3.1. [bookmark: _Toc165929231][bookmark: _Toc166076508][bookmark: _Toc166105797][bookmark: _Toc166159474][bookmark: _Toc166159621][bookmark: _Toc166159648][bookmark: _Toc166160872]Scenario #2: OD-SSB starts after SCell is configured to a UE but before (or when) the UE receives SCell activation command (e.g., as defined in TS 38.321)
Proposal 1.3.2. [bookmark: _Toc165929232][bookmark: _Toc166076509][bookmark: _Toc166105798][bookmark: _Toc166159475][bookmark: _Toc166159622][bookmark: _Toc166159649][bookmark: _Toc166160873]Scenario #3(a): OD-SSB starts after UE receives SCell activation command (e.g., as defined in TS 38.321) but before SCell activation is completed.
Proposal 1.3.3. [bookmark: _Toc165929233][bookmark: _Toc166076510][bookmark: _Toc166105799][bookmark: _Toc166159476][bookmark: _Toc166159623][bookmark: _Toc166159650][bookmark: _Toc166160874]Scenario #3(b): OD-SSB starts when (or after) SCell activation is completed and SCell is activated.
Proposal 1.4. [bookmark: _Toc165929234][bookmark: _Toc166076511][bookmark: _Toc166105800][bookmark: _Toc166159477][bookmark: _Toc166159624][bookmark: _Toc166159651][bookmark: _Toc166160875]Possible options to study on how OD-SSB SCell can work considering also previous points (the following options are also described in Table 1 to help understanding their differences): 
Proposal 1.4.1. [bookmark: _Toc165929235][bookmark: _Toc166076512][bookmark: _Toc166105801][bookmark: _Toc166159478][bookmark: _Toc166159625][bookmark: _Toc166159652][bookmark: _Toc166160876]. Option 1: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A. 
Proposal 1.4.2. [bookmark: _Toc165929236][bookmark: _Toc166076513][bookmark: _Toc166105802][bookmark: _Toc166159479][bookmark: _Toc166159626][bookmark: _Toc166159653][bookmark: _Toc166160877]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.
Proposal 1.4.3. [bookmark: _Toc165929237][bookmark: _Toc166076514][bookmark: _Toc166105803][bookmark: _Toc166159480][bookmark: _Toc166159627][bookmark: _Toc166159654][bookmark: _Toc166160878]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.
Proposal 1.4.4. [bookmark: _Toc165929238][bookmark: _Toc166076515][bookmark: _Toc166105804][bookmark: _Toc166159481][bookmark: _Toc166159628][bookmark: _Toc166159655][bookmark: _Toc166160879]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.
Proposal 1.4.5. [bookmark: _Toc165929239][bookmark: _Toc166076516][bookmark: _Toc166105805][bookmark: _Toc166159482][bookmark: _Toc166159629][bookmark: _Toc166159656][bookmark: _Toc166160880]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.

Topics for RAN2 discussion
The following Figure 3 provides a flow overview of the steps/topics that RAN2 would need to discuss in order to enable on-demand SSB SCell operation for UEs in RRC_CONNECTED configured with CA.
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[bookmark: _Ref162612450]Figure 3. Discussion topics (and possible steps) involved for the on-demand SSB SCell operation
To help structuring the discussions, we suggest agreeing on the key RAN2 areas/topics of interest.
[bookmark: _Toc165929225][bookmark: _Toc166076502][bookmark: _Toc166105791][bookmark: _Toc165463030][bookmark: _Toc165929226][bookmark: _Toc166076503][bookmark: _Toc166105792][bookmark: _Toc166159489][bookmark: _Toc166159615][bookmark: _Toc166159663][bookmark: _Toc166160866]Topics for RAN2 and/or RAN1 discussion to enable on-demand SSB SCell operation: Topic (A) UE’s awareness of on-demand SSB in SCell (including support or any required configuration), Topic (B) UE trigger to request on-demand SSB SCell, Topic (C) UE’s request for transmission of on-demand SSB SCell, Topic (D) Transmission of on-demand SSB SCell, and Topic (E) UE’s awareness to receive on-demand SSB SCell. 

Topic (A) UE’s awareness of on-demand SSB SCell
The UE needs know when on-demand SSB SCell is supported and any required configuration that UE may need (if any) to request on-demand SSB. The usage of on-demand SSB SCell target UEs in RRC_CONNECTED configured with CA. When configured with CA, any required information (i.e. support/configuration) could be provided by the network via dedicated signaling. 
Proposal 2. [bookmark: _Toc162619628][bookmark: _Toc162619664][bookmark: _Toc162619696][bookmark: _Toc162897120][bookmark: _Toc162897389][bookmark: _Toc162898296][bookmark: _Toc162943738][bookmark: _Toc162943802][bookmark: _Toc163121540][bookmark: _Toc163127651][bookmark: _Toc163136600][bookmark: _Toc163141136][bookmark: _Toc165463032][bookmark: _Toc165929240][bookmark: _Toc166076517][bookmark: _Toc166105806][bookmark: _Toc166159483][bookmark: _Toc166159630][bookmark: _Toc166159657][bookmark: _Toc166160881][Topic (A) UE’s awareness] When UE supports on-demand SSB SCell operation and gets SCell related configuration, UE also knows whether on-demand SSB SCell is allowed/supported. FFS on whether explicit indication is needed and details.

Topic (B) UE’s triggers to request on-demand SSB SCell
On-demand SSB SCell could be triggered by UE and network as it was agreed by RAN1. When network decides to transmit it, it is up to network implementation. However, RAN2 should discuss whether any rules or restrictions need to be defined on when a UE may request on-demand SSB SCell. On other hand, legacy on-demand SI does not define any UE’s restriction/limitation, instead it indicates that when it is needed and that SIBx is not broadcasted, UE triggers a request to acquire the SI message(s). Similar approach seems reasonable with the difference that it may be preferable to limit it for UE already configured with SCell. On other hand, it may be good to discuss whether any prohibit timer should be defined to restrict UE to send requests too frequently.
Proposal 3. [bookmark: _Toc162619629][bookmark: _Toc162619665][bookmark: _Toc162619697][bookmark: _Toc162897121][bookmark: _Toc163121541][bookmark: _Toc163127652][bookmark: _Toc163136601][bookmark: _Toc163141137][bookmark: _Toc165463033][bookmark: _Toc165929241][bookmark: _Toc166076518][bookmark: _Toc166105807][bookmark: _Toc166159484][bookmark: _Toc166159631][bookmark: _Toc166159658][bookmark: _Toc162897390][bookmark: _Toc162898297][bookmark: _Toc162943739][bookmark: _Toc162943803][bookmark: _Toc166160882][bookmark: _Toc162619630][bookmark: _Toc162619666][bookmark: _Toc162619698][bookmark: _Toc162897122][Topic (B) UE’s trigger] When UE has a valid SCell configuration, OD-SSB SCell is supported (in UE and network) and OD-SSB SCell is not broadcasted, UE could request on-demand SSB SCell, when needed. 
Proposal 3.1. [bookmark: _Toc163121542][bookmark: _Toc163127653][bookmark: _Toc163136602][bookmark: _Toc163141138][bookmark: _Toc165463034][bookmark: _Toc165929242][bookmark: _Toc166076519][bookmark: _Toc166105808][bookmark: _Toc166159485][bookmark: _Toc166159632][bookmark: _Toc166159659][bookmark: _Toc166160883]To discuss whether a prohibit timer may be needed after the first request of the on-demand SSB SCell transmission (to limit the frequency of sub-sequent requests).

Topic (C) UE’s request for transmission of on-demand SSB SCell 
Few topics would need to be discussed in relation to UE’s request for the transmission of on-demand SSB SCell: 
· Topic (C.1) UL channel/signaling used (e.g., L1, L2, L3) to convey UE’s request of on-demand SSB SCell.
· Topic (C.2) End point (PCell and/or SCell) to send UE’s request of on-demand SSB SCell.
· Topic (C.3) Number of requested SSBs (i.e. one vs multiple periodic).
We suggest for RAN2 to wait for RAN1 progress in this topic to minimize overlapping discussions.
Proposal 4. [bookmark: _Toc162619631][bookmark: _Toc162619667][bookmark: _Toc162619699][bookmark: _Toc162897123][bookmark: _Toc162897391][bookmark: _Toc162898298][bookmark: _Toc162943740][bookmark: _Toc162943804][bookmark: _Toc163121543][bookmark: _Toc163127654][bookmark: _Toc163136603][bookmark: _Toc163141139][bookmark: _Toc165463035][bookmark: _Toc165929243][bookmark: _Toc166076520][bookmark: _Toc166105809][bookmark: _Toc166159486][bookmark: _Toc166159633][bookmark: _Toc166159660][bookmark: _Toc166160884][Topic (C) UE’s request] RAN2 waits for RAN1 input/progress before discussing Topic (C) UE’s request for transmission of on-demand SSB SCell (which includes (C.1) UL channel/signaling used, (C.1), end point (PCell/SCell) and (C.3) number of requested SSBs). 

Topic (D) Transmission of on-demand SSB SCell
The details associated with the actual transmission of the on-demand SSB may be more RAN1 scope and RAN2 could wait for their inputs. From RAN2 point of view, the on-demand SSB would be sent by SCell.
Proposal 5. [bookmark: _Toc162619632][bookmark: _Toc162619668][bookmark: _Toc162619700][bookmark: _Toc162897124][bookmark: _Toc162897392][bookmark: _Toc162898299][bookmark: _Toc162943741][bookmark: _Toc162943805][bookmark: _Toc163121544][bookmark: _Toc163127655][bookmark: _Toc163136604][bookmark: _Toc163141140][bookmark: _Toc165463036][bookmark: _Toc165929244][bookmark: _Toc166076521][bookmark: _Toc166105810][bookmark: _Toc166159487][bookmark: _Toc166159634][bookmark: _Toc166159661][bookmark: _Toc166160885][Topic (D) Tx on-demand SSB SCell] On-demand SSB is sent by SCell. Wait for further details/inputs from RAN1.

Topic (E) UE’s awareness to receive on-demand SSB SCell
This topic includes the awareness in UE to know how to receive on-demand SSB which also includes the periodicity with which network transmits on-demand SSB SCell and the duration (or number of times) if it is transmitted more than once. UEs with SCell related configuration could get any required configuration, if needed, associated with the on-demand SSB SCell operation. Said this, it is preferable if any UE could acquire/use these on-demand SSBs even when not requested/configured. The open question is whether these other UEs would need to get any new configuration for this. However, we suggest waiting for RAN1/2 to further progress on the design/mechanism before discussing this topic.  When sending multiple/periodic transmissions of on-demand SSB, it should be discussed whether those occurrences should be multiple of legacy SSB periodicities or not. This may be beneficial to allow their reception by any UE, including those not supporting this feature. Said this, the topic of the periodicity should be better discussed by RAN1.
Proposal 6. [bookmark: _Toc162943742][bookmark: _Toc162943806][bookmark: _Toc163121545][bookmark: _Toc163127656][bookmark: _Toc163136605][bookmark: _Toc163141141][bookmark: _Toc165463037][bookmark: _Toc165929245][bookmark: _Toc166076522][bookmark: _Toc166105811][bookmark: _Toc166159488][bookmark: _Toc166159635][bookmark: _Toc166159662][bookmark: _Toc162619634][bookmark: _Toc162619670][bookmark: _Toc162619702][bookmark: _Toc162897126][bookmark: _Toc162897394][bookmark: _Toc162898301][bookmark: _Toc166160886][Topic (E) UE’s reception] RAN2 targets to design of the on-demand SSB SCell transmission that allows any UE (NES and legacy UEs) to receive the on-demand SSB. 
[bookmark: _Toc465993148][bookmark: _Toc465993084]
1. Conclusion
The observations captured are the following:
Observation 1.	Topics for RAN2 and/or RAN1 discussion to enable on-demand SSB SCell operation: Topic (A) UE’s awareness of on-demand SSB in SCell (including support or any required configuration), Topic (B) UE trigger to request on-demand SSB SCell, Topic (C) UE’s request for transmission of on-demand SSB SCell, Topic (D) Transmission of on-demand SSB SCell, and Topic (E) UE’s awareness to receive on-demand SSB SCell.
The proposals captured are the following:
Proposal 1.	RAN2 confirms the following assumptions and scenarios to study related to OD-SSB SCell considering RAN1 related agreements:
Proposal 1.1.	The triggered (or indication) for the OD-SSB SCell could be done by the network and UE.
Proposal 1.2.	The transmission of OD-SSB SCell could be done case #1 only when required (i.e. in a non-uniform manner) or case #2 periodically (where its periodicity can be different than legacy).
Proposal 1.3.	Possible scenarios about when/how to “indicate” the “start of OD-SSB” (which includes the cases where network starts broadcasting it autonomously as well as when UE request its transmission):
Proposal 1.3.1.	Scenario #2: OD-SSB starts after SCell is configured to a UE but before (or when) the UE receives SCell activation command (e.g., as defined in TS 38.321)
Proposal 1.3.2.	Scenario #3(a): OD-SSB starts after UE receives SCell activation command (e.g., as defined in TS 38.321) but before SCell activation is completed.
Proposal 1.3.3.	Scenario #3(b): OD-SSB starts when (or after) SCell activation is completed and SCell is activated.
Proposal 1.4.	Possible options to study on how OD-SSB SCell can work considering also previous points (the following options are also described in Table 1 to help understanding their differences):
Proposal 1.4.1.	. Option 1: UE expects that on-demand SSB burst(s) is periodically transmitted from time instance A.
Proposal 1.4.2.	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.
Proposal 1.4.3.	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.
Proposal 1.4.4.	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.
Proposal 1.4.5.	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.
Proposal 2.	[Topic (A) UE’s awareness] When UE supports on-demand SSB SCell operation and gets SCell related configuration, UE also knows whether on-demand SSB SCell is allowed/supported. FFS on whether explicit indication is needed and details.
Proposal 3.	[Topic (B) UE’s trigger] When UE has a valid SCell configuration, OD-SSB SCell is supported (in UE and network) and OD-SSB SCell is not broadcasted, UE could request on-demand SSB SCell, when needed.
Proposal 3.1.	To discuss whether a prohibit timer may be needed after the first request of the on-demand SSB SCell transmission (to limit the frequency of sub-sequent requests).
Proposal 4.	[Topic (C) UE’s request] RAN2 waits for RAN1 input/progress before discussing Topic (C) UE’s request for transmission of on-demand SSB SCell (which includes (C.1) UL channel/signaling used, (C.1), end point (PCell/SCell) and (C.3) number of requested SSBs).
Proposal 5.	[Topic (D) Tx on-demand SSB SCell] On-demand SSB is sent by SCell. Wait for further details/inputs from RAN1.
Proposal 6.	[Topic (E) UE’s reception] RAN2 targets to design of the on-demand SSB SCell transmission that allows any UE (NES and legacy UEs) to receive the on-demand SSB.




1. [bookmark: _Ref434066290]Reference
[1] [bookmark: _Ref478150265]RP-240170, Revised WID for Enhancements of network energy savings for NR, Rel-19 WID, March 2024.
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