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1	Introduction
[bookmark: _Hlk139554548][bookmark: _Hlk162351663]In RAN#102 (RP-234065), it was agreed to start a Rel-19 WI on enhancements of network energy savings for NR. The first objective concerns the on-demand SSB SCell operation, as highlighted below.
	1. [bookmark: _Hlk162362625]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.

2. [bookmark: _Hlk153983379]Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105

3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· [bookmark: _Hlk158930096]Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 
4. Specify the corresponding core requirements, for the above features [RAN4].



The list of RAN1 agreements is available in the Appendix.
1	Discussion
This contribution focuses on the first objective highlighted in the above WID. In particular, the contribution addresses the aspects concerning the configuration, signaling, and activation/deactivation of on-demand SSB transmissions. 
According to the WID, the UE is in connected mode and configured with CA and, hence, it is configured with a PCell and one or more SCell(s). Note that the PCell is always activated and not dormant. The SCell(s) can be activated and dormant/not dormant, or deactivated. 

2.2	On-demand SSB configuration and signalling aspects
[bookmark: _Hlk164954440]RAN1, who is the leading WG for this work, has started the discussions in RAN1#116 meeting and continued the discussions in RAN1#116bis meeting. The agreements reached by RAN1 can serve as starting point for RAN2. One of the agreements from RAN1#116 meeting concerns a common design for the on-demand SSB operation for all applicable CA scenarios:
Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.

[bookmark: _Hlk161655246]We propose to adopt the same conclusion in RAN2, i.e., to agree to have a common design for on-demand SSB operation for all scenarios.

[bookmark: _Toc162352568][bookmark: _Toc163157297][bookmark: _Toc166227020]Have a common design for on-demand SSB operation for all applicable CA configurations from RAN2 standpoint.

Another agreement from RAN1#116 meeting concerns the triggering of on-demand SSB SCell:
Agreement
Support on-demand SSB SCell operation triggered by gNB.
- FFS Details of associated signaling/indication/configuration provided to UE

While the details of the SSB pattern can be left to RAN1, RAN2 could discuss the configuration and signalling aspects. In that regard, different candidate solutions can be considered to support on-demand SSB SCell operations. 
Regarding the configuration aspect, one of the evident solutions is that the network provides the UE with different options for the SSB transmission patterns by an RRC configuration. These options for the SSB transmission patterns could be given outside of the SCell configuration since we think that the SSB patterns can be commonly configured for various SCells. Furthermore, to support additional flexibility, the configurations could be different for FR1 and FR2. In this way, configurations for FR1 and FR2 would be shared among serving cells operating on FR1 and FR2, respectively. It is important to note that while the options for the SSB transmission patterns would be per FR, the activation of a certain SSB transmission pattern could be different for different SCells. This way of configuring on-demand SSB per FR requires fewer bits compared to, for example, configuring on-demand SSB per SCell. Additionally, it allows for more flexibility than, for example, configuring the same on-demand SSB for both FR1 and FR2. Therefore, configuring on-demand SSB per FR can be seen as a solution that requires fewer bits and provides a reasonable level of flexibility.  

[bookmark: _Toc163157298][bookmark: _Toc166227021]RAN2 to discuss if the on-demand SSB configuration for SCells is commonly configured per FR or per SCell.

Finally, during RAN1#116 meeting, RAN1 agreed the following agreements: 
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
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

The discussion on the same topic was continued during RAN1#116bis meeting and resulted in the following 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
· [bookmark: _Hlk164956147]“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.

The agreements highlighted above are relevant when considering the signalling aspect. There are several potential solutions that one can consider when designing the signalling for the activation/deactivation of on-demand SSB. One possible solution for the activation/deactivation of on-demand SSB is to reuse the existing SCell activation/deactivation MAC CE signalling. Another possible solution is to define separate signalling for the activation/deactivation of on-demand SSB, e.g., a new MAC CE. RAN2 can design this new MAC CE such that it is solely used for the activation/deactivation of on-demand SSB or such that it can be used for both SCell and SSB activation/deactivation. The latter can be done by defining the fields for each functionality (i.e., SCell activation/deactivation and SSB activation/deactivation), which can be optionally present. 
[bookmark: _Hlk165890130]Given that RAN1 down-selected Scenario #2 (i.e., on-demand SSB operation is supported upon the configuration of SCell and before the UE receives SCell activation command) and Scenario #2A (i.e., on-demand SSB operation is supported when the UE receives SCell activation command) and given the agreement that “RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.”, our understanding is that the common solution should be used for the on-demand SSB activation/deactivation in all scenarios. Observe that the existing SCell activation/deactivation MAC CE cannot be reused for the purpose of Scenario #2, since according to Scenario #2, on-demand SSB operation needs to be supported before the SCell activation command. Consequently, one can eliminate the solution according to which the existing SCell activation/deactivation MAC CE is reused for the purpose of the on-demand SSB activation/deactivation. 

[bookmark: _Toc163157754][bookmark: _Toc166227017]According to Scenario #2, on-demand SSB operation needs to be supported before the SCell activation command and therefore the existing SCell activation/deactivation MAC CE is not suitable for repurposing.

Therefore, in order to support a common solution for all down-selected scenarios, one needs to consider solutions that are based on the design of a new MAC CE. When considering solutions that are based on the design of a new MAC CE, we prefer the joint design according to which a new MAC CE can also be used for both SCell and SSB activation/deactivation, respectively. Compared to the design according to which a new MAC CE is solely used for the activation/deactivation of on-demand SSB along with the existing MAC CE for SCell activation/deactivation, the benefit of the joint design is that when the NW activates both the SCell and the corresponding on-demand SSBs (i.e., Scenario #2A), these are in the same MAC CE and there is no risk that one of the MAC CE(s) is lost.

[bookmark: _Toc166227022]UEs are informed of on-demand SSB transmissions,  via new MAC CE signalling that supports both SCell and on-demand SSB activation/deactivation, respectively. 
[bookmark: _Hlk165890686]Since the legacy MAC CE can still be used for SCell activation/deactivation, the new MAC CE needs to support functionality of activating/deactivating SSB and joint activation of SCell and respective SSB.

[bookmark: _Toc166227023]The new MAC CE supports functionality of activating/deactivating SSB and joint activation of SCell and respective SSB.

3	Conclusion
In this contribution we discuss the second objective highlighted in the WID. Based on the discussion in the previous sections we made the following observations:

Observation 1	According to Scenario #2, on-demand SSB operation needs to be supported before the SCell activation command and therefore the existing SCell activation/deactivation MAC CE is not suitable for repurposing.

Based on the discussion in the previous sections we propose the following:


Proposal 1	Have a common design for on-demand SSB operation for all applicable CA configurations from RAN2 standpoint.
Proposal 2	RAN2 to discuss if the on-demand SSB configuration for SCells is commonly configured per FR or per SCell.
Proposal 3	UEs are informed of on-demand SSB transmissions,  via new MAC CE signalling that supports both SCell and on-demand SSB activation/deactivation, respectively.
Proposal 4	The new MAC CE supports functionality of activating/deactivating SSB and joint activation of SCell and respective SSB.
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Appendix
[bookmark: _Toc164440659]RAN1#116 Agreements
[bookmark: _Hlk164953571]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)
[bookmark: _Toc164440660]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.

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
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