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Introduction
The RAN WG approved work item on enhancements of network energy savings (NES) for NR [1], that includes the following objective:
	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.


In this contribution, we discuss issues related to support of on-demand SSB (OD-SSB) Scell operation and provide our proposals and observations on the topic.

Definition of trigger and indication
In the RAN1 #116-bis meeting it was discovered that companies had a different understanding of the meaning of the word “trigger” and “indication”, especially regarding the WID. The following agreements were made during the last two meetings containing both terms: 
	During RAN1 #116:
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)
During RAN1 #116-bis:
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
The following agreement from RAN1#116 is modified (in red)
· For SSB burst(s) triggered 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)


We would like to define these two terms to clearly distinguish them and thus resolve future misunderstanding. Triggering is defined as the condition that could lead to the decision to transmit OD-SSB at the network. When network can trigger OD-SSB will not be specified (i.e., it will be left up to network implementation). The triggering of OD-SSB can happen autonomously in the network (i.e., without any outside interaction or request from UE); however, this case would not be the focus of our discussion as it would not have an impact on the specification. To our knowledge this is not a commonly used term in the RAN1 specification thus there is no common understanding of its definition. In contrast the “indication” is a term that is commonly used e.g., when transmitting control information to/by a network entity. Summarizing, for our specific case, “indication” should refer to the indication of the OD-SSB configuration to the UE (which allows UE to have awareness that OD-SSB is supported/allowed for SCell). Note that this can also include the information about when OD-SSB transmission can be expected (if different than legacy one which is always sent with specific periodicity).
The signalling timeline for OD-SSB is illustrated in the Figure 2‑1. Note that in this case coordination between the Pcell and Scell through interface defined by RAN3 might be necessary before the Scell does start transmitting OD-SSB. However, this is out of RAN1 scope. From RAN1’s point of view, it is just necessary to ensure that all related timelines between the OD-SSB configuration indication and the OD-SSB transmission at the Scell can be met.


[bookmark: _Ref166237810]Figure 2‑1. Illustration of the difference between triggering and indication. 

Proposal 1:
· For OD-SSB discussion, the following term definitions are agreed:
· Indication refers to an indication sent from network to UE of the required configuration to receive OD-SSB configuration.
· Triggering refers to the triggering event at the network side that leads the network to transmit OD-SSB. The RAN triggering for OD-SSB as already agreed by RAN1, gNB can trigger the transmission of OD-SSB upon reception of a UE’s request for OD-SSB or when required (i.e., triggering condition would be left up to network implementation).

Based on this these definitions we think the agreements made regarding the scenarios need to be revisited. As the agreement made in RAN1#116-bis on scenarios replaces the one made during RAN1#116 we think it is sufficient to revise it based on the following proposal.
Proposal 2:
· The agreement made during RAN#116-bis is modified (in red) in the following way:
	For the identified scenarios and cases (as per RAN1#116 agreement), on-demand SSB can be triggered indicated 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 triggeredindicated, its transmission is in a periodic manner.
· Note: This does not imply periodic on-demand SSB is transmitted indefinitely after triggeredindicated.
· 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 triggeredindicated SSB starts and ends) will be separately discussed.



Discussion on CD and NCD SSB
During RAN1#116-bis an agreement to further downselect between the following two options if OD-SSB are always NCD SSB or not: 
	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 


In our understanding NCD SSB was defined as auxiliary SSB in addition to CD SSB during Rel-15. But until Rel-17 reduced capability UEs use-case for NCD SSB was discovered. Note that for reduced capability UEs the NCD SSB are defined in the BWP that is allocated to UEs that with their reduced bandwidth cannot cover the part of the spectrum that contains the CD SSBs. So far, the specification does not cover any type of measurements like the measurement for LTM or time frequency synchronization based on NCD SSBs. This means the case of OD-SSBs only being NCD SSBs would introduce a major, additional specification effort not limited to RAN1. Thus, we think it should be up to the network to decide whether OD-SSB are CD or not. 
Proposal 3:
· It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not (Alt-1).

OD-SSB configuration indication
During RAN1#116-bis the following agreement regarding the OD-SSB configuration indication was reached. 
	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



Option 2 limits the supported scenarios, i.e. UEs understanding of OD-SSB transmission is tied to the case of receiving an SCell activation command. However, due to the different requirements of OD-SSB transmission from different UEs, it is possible that a UE has an already activated Scell for which OD-SSB should be switched on later on. For this UE to use the OD-SSB it would be necessary for the network to deactivate and reactivate this Scell for this UE. This is not a solution that should be required by the specification. Since we are to design unified approach for all CA scenarios, we think both Option 1 and Option 2 needs to be supported. 
Proposal 4:
· Support both separate (Option 1) and combined (Option 2) signalling when providing indication of OD-SSB and SCell activation/deactivation. 

Further, as the Scell can be activated using either RRC or MAC CE signalling it is not possible to limit the related OD-SSB configuration indication to either signalling option. Thus, we think that it is also possible that part of the OD-SSB configuration indication is signalled using RRC and another part (for example only the OD-SSB activation/deactivation time) is indicated using MAC CE.
Proposal 5:
· Support both RRC and MAC CE based OD-SSB configuration indication.

Discussions on Scenarios for on-demand SSB
In RAN1 #116-bis meeting, refined scenarios for on-demand SSB use cases were identified. The following are agreements regarding on-demand SSB operation from last RAN1 meeting.
	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.


Based on the agreements, there are two main scenarios of interest. Scenario #2 is when on-demand SSB is transmitted by the gNB between Scell configuration and Scell activation. Scenario #3 is when on-demand SSB is transmitted by the gNB after Scell activation is performed. Scenario #3 can be further decomposed into Scenario #3-A and #3-B depending on whether on-demand SSB is transmitted prior to Scell activation timing is passed since Scell activation signaling. Scenario #2-A was added to cover the case that the Scell is configured and activated at the same time using RRC reconfiguration. Illustration of the different scenarios of interest is provided in Figure 5‑1.


[bookmark: _Ref166161348][bookmark: _Ref166237783]Figure 5‑1. Illustration of different scenarios of interest for transmission of on-demand SSB
While Scell activation via separate MAC-CE is supported in specification, it may be equally common for gNB to activate Scell at the time of the Scell configuration. Scell can be activated along with Scell configuration using sCellState signaling in RRC. In case Scell is activated along with Scell configuration, scenario #2 for on-demand SSB is no longer feasible. However, the motivations and use case for supporting on-demand SSB should not be different simply because SCell was activated along with Scell configuration. Given the various activation mechanics supported in specification, we believe all four different on-demand SSB scenarios #2, #2-A, #3-A, and #3-B are valid use cases that may differ only due to how SCell is configured and activated by the gNB. As such, there may not need to be a need to differentiate the three cases from specification perspective.
Given that it was agreed that at least gNB triggering of on-demand SSB was stated to be possible. The transmission of on-demand SSB depending on how on-demand SSB is triggered by the network and how the SSB transmissions are aligned with the overall system timing boundaries, scenario #2, #2-A, #3-A or #3-B may be possible. In fact, there could be more specification impact that stem from differentiating the scenarios for on-demand SSB transmissions.
Proposal 6:
· For on-demand SSB transmissions, support all scenarios #2, #2-A, #3-A, #3-B.
· Do not differentiate any scenario from specification framework perspective when on-demand SSB operation is triggered by gNB.

Discussions on RRM support based on on-demand SSB
There could be a number of reasons/motivations for enabling support for on-demand SSB once Scell has been configured for the UE. These include, obtaining accurate time/frequency synchronization for Scell operation, aiding AGC settings for receiving signals from an Scell, etc. While SSBs may aid with preparing for signal reception for Scells, some of the functionality provided by SSB could be replaced by TRS. Configuration and transmission of TRS for Scells along with activation is currently supported by specification and therefore provides complimentary support for obtaining time/frequency synchronization and other receiver processing functionality in lieu of lack of SSBs.
From the network perspective, the motivation for supporting on-demand SSB could be quite different compared to the motivation for the UE. This is because there are features that TRS cannot be support in lieu of SSB. Most notable aspect is the enablement of RRM measurements. While RRM measurement could be performed based on CSI-RS for mobility, RRM measurements in general are based on SSB. More so, CSI-RS for mobility and CSI-RS for tracking are configuration that defer significantly, and it is currently not possible for the UE to perform RRM measurements based on TRS. 
It may be difficult for the network to obtain RRM measurements by the UE for Scells that do not transmit SSB or seldomly transmit SSB to converse energy. As such, enablement on-demand SSB should allow support of aiding the network to obtain RRM measurements of Scell by the UE.
As OD-SSB is only being discussed in the context of Scells and CA RLF will not be used as this is only necessary for the Pcell. For other measurement objects that can be configured to the UE, these could be based on OD-SSB, however as these could be for measuring neighboring cells using the same band as the configured Scell for OD-SSB the NW needs to ensure the information about the presence of the reference signal that should be used for RRM measurements is actually activated in all cell the UE will attempt to measure.  
Proposal 7:
· On-demand SSB should enable or aid (at least) RRM measurement for Scells after Scell configuration.

Conclusions
In this contribution, we have provided our views on on-demand SSB transmissions. In summary, we have the following list of proposals:
Proposal 1:
· For OD-SSB discussion, the following term definitions are agreed:
· Indication refers to an indication sent from network to UE of the required configuration to receive OD-SSB configuration.
· Triggering refers to the triggering event at the network side that leads the network to transmit OD-SSB. The RAN triggering for OD-SSB as already agreed by RAN1, gNB can trigger the transmission of OD-SSB upon reception of a UE’s request for OD-SSB or when required (i.e., triggering condition would be left up to network implementation).

Proposal 2:
· The agreement made during RAN#116-bis is modified (in red) in the following way:
	For the identified scenarios and cases (as per RAN1#116 agreement), on-demand SSB can be triggered indicated 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 triggeredindicated, its transmission is in a periodic manner.
· Note: This does not imply periodic on-demand SSB is transmitted indefinitely after triggeredindicated.
· 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 triggeredindicated SSB starts and ends) will be separately discussed.



Proposal 3:
· It is up to gNB implementation whether on-demand SSB is cell-defining SSB or not (Alt-1).

Proposal 4:
· Support both separate (Option 1) and combined (Option 2) signalling when providing indication of OD-SSB and SCell activation/deactivation. 

Proposal 5:
· Support both RRC and MAC CE based OD-SSB configuration indication.

Proposal 6:
· For on-demand SSB transmissions, support all scenarios #2, #2-A, #3-A, #3-B.
· Do not differentiate any scenario from specification framework perspective when on-demand SSB operation is triggered by gNB.

Proposal 7:
· On-demand SSB should enable or aid (at least) RRM measurement for Scells after Scell configuration.
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