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Introduction
The contribution provides our views on supporting on-demand SSB operation in Scell for connected mode UEs configured with CA, which was one of techniques to improve network energy savings for NR [1]:
	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)
· [bookmark: _Hlk158881099]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.


On-demand SSB Transmission
RAN1#116-bis made the following agreement related to the transmission of on-demand SSB in a cell supporting on-demand SSB Scell operation:
	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 



It is open on whether on-demand SSB can be non-cell defining SSB (i.e., SSB without associated SIB1) or cell defining SSB (i.e., SSB with associated SIB1) or both. WID has a note that “On-demand SSB transmission can be used by UE for at least SCell time/frequency synchronization, L1/L3 measurements and SCell activation.” Furthermore, on-demand SSB is expected to be transmitted in a bursty or semi-persistent manner over a short period. If the on-demand SSB is cell-defining SSB, it is not useful for idle/inactive UEs (including both legacy UEs and R19 UEs) whose idle mode operations rely on periodic cell-defining SSB. In fact, it may request UE’s cell reselection more often due to short term availability of the on-demand SSB. 

There was some discussion in RAN1#116-bis that cell defining SSB can be configured for on-demand SSB if the legacy UEs are barred from camping/accessing the cell supporting on-demand SSB Scell operation. However, our concern regarding impact of using cell-defining SSB for on-demand SSB on idle/inactive UE operation is applicable to both legacy UEs and R19 UEs. As a result, the barring should be applied to not only legacy idle/inactive UEs but also R19 idle/inactive UEs if the barring approach is pursued. In addition, for some types of legacy UEs (e.g., UEs supporting NTN, Redcap, NES), the barring is provided in SIB1, which is not preferable from UE implementation perspectives in supporting on-demand SSB Scell operation. On the other hand, using non-cell defining SSB for on-demand SSB has no impact to idle/inactive UEs. 

Observation 1: Having on-demand SSB configured as cell-defining SSB has negative impact to both legacy idle/inactive UEs and R19 idle/inactive UEs.

Proposal 1: On-demand SSB is only limited to non-cell defining SSB (i.e., SSB without associated SIB1).
RAN1#116 agreed to support on-demand SSB Scell operation triggered by gNB and RAN1#116b made further agreements on scenarios for on-demand SSB:
	Agreement (#116)
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE
Agreement (#116-bis)
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.


There was discussion in RAN1#116-bis that gNB would inform UE about on-demand SSB triggering via some signaling. From our perspective, when/how gNB triggers on-demand SSB transmission should be transparent to the UE. However, UE expects on-demand SSB is transmitted in Scenarios 2/3A/3B for Case 1 and at least Scenario 3A for Case 2 as being illustrated in Figure 1. We suggest that in the future discussion we should focus on when UE expects to have on-demand SSB transmission from gNB instead of discussing when gNB triggers transmission of on-demand SSB.

[image: ]
Case 1 (without always-on SSB transmission)
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Case 2 (with always-on SSB transmission)

[bookmark: _Ref164782169]Figure 1: Transmission of on-demand SSB in various scenarios for Case 1 and Case 2
Observation 2: When/how gNB triggers on-demand SSB transmission is transparent to the UE. However, the gNB should indicate the configuration of on-demand SSB transmission to the UE.
Proposal 2: For a cell supporting on-demand SSB Scell operation, UE expects on-demand SSB is transmitted at least in scenarios 2/3 for Case 1 and at least in scenario 3A for Case 2.
Furthermore, for UE operation, it is also critical for the UE to know how the on-demand SSB is transmitted. In other words, the UE should be aware of on-demand SSB transmission configuration. With the following agreements made in RAN1#116-bis, our view is that on-demand SSB transmission indication is the signaling that gNB uses to inform the UE about on-demand SSB configuration.

	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


In particular, Pcell can provide the configuration of on-demand SSB transmission in RRC (e.g., RRC providing Scell configuration). The configuration includes at least the following information for a cell supporting on-demand SSB Scell operation:
· Frequency where the on-demand SSB is transmitted (e.g., ARFCN)
· The SCS of on-demand SSB if the band supports multiple SCSs for SSB
· Periodicity of the on-demand SSB burst
· A bitmap of the actually transmitted on-demand SSBs
Proposal 3: The configuration of on-demand SSB transmission is provided in RRC. The configuration includes at least the following information for a cell supporting on-demand SSB Scell operation:
· Frequency where the on-demand SSB is transmitted (e.g., ARFCN)
· The SCS of on-demand SSB if the band supports multiple SCSs for SSB
· Periodicity of the on-demand SSB burst
· A bitmap of the actually transmitted on-demand SSBs.
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[bookmark: _Ref165456930]Figure 2: Adapting on-demand SSB transmission configuration
In addition, if adapting on-demand SSB configuration (e.g., SSB burst periodicity and/or bitmap of transmitted SSBs) is necessary as being illustrated in Figure 2, a signaling can be used for such adaptation. In particular, we suggest introducing a new MAC-CE for joint Scell activation and OD-SSB configuration indication update (i.e., Option 2), which is essentially similar to the principles of indicating additional TRS in Rel-17. Furthermore, the UE should be able to report L1 measurement based on on-demand SSB as agreed in RAN1#116-bis before Scell activation to provide gNB with useful information for updating on-demand SSB configuration.
Proposal 4: If adapting on-demand SSB configuration (e.g., SSB burst periodicity and/or bitmap of transmitted SSBs) is supported, introduce a new MAC-CE for joint Scell activation and OD-SSB configuration indication update.
Support of Mobility Measurement based on On-demand SSB
RAN1#116-bis agreed to support L1 and/or L3 measurements based on on-demand SSB for the cell supporting on-demand SSB Scell operation. In this section, we discuss our views on how to support such measurements.
	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


From our perspective, it is reasonable to reuse the existing L1/L3 SSB-based measurement and reporting framework for L1/L3 measurement and reporting based on on-demand SSB. For L1 measurement, L1 measurement and reporting framework in which UE can measure and report L1 measurement of multiple cells (e.g., R17/18 LTM) should be also supported.
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[bookmark: _Ref165887367]Figure 3: On-demand SSB may not transmitted in a cell within a configured SMTC window
One possible difference between supporting L3 measurement based on on-demand SSB and supporting L3 measurement based on legacy SSB is that the on-demand SSB may be only transmitted in a bursty or semi-persistent manner, which could lead to the situation that a cell may not transmit on-demand SSB during the configured SMTC window as illustrated in Figure 3. Such SSB transmission skipping may impact RRM measurement and evaluation. One possible enhancement to ensure RRM measurement quality is to enable gNB indicate duration in which the UE is expected to perform L3 measurement. In addition, the UE expects on-demand SSBs for cells configured for L3 measurements is periodically transmitted in the duration as being illustrated in Figure 4.
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[bookmark: _Ref165975954]Figure 4: Indication of duration for UE to perform L3 measurement
Proposal 5: Reuse the existing L1/L3 SSB-based measurement and reporting framework for the L1/L3 measurement and reporting based on on-demand SSB.
· UE expects that on-demand SSBs for cells configured for L1/L3 measurements are periodically transmitted.
· FFS: whether to define a duration in which the UE is expected to perform L1/L3 measurement.
On-demand SSB Transmission Triggered by UE
On-demand SSB triggered by the UE sending an uplink wake-up signal as illustrated in Figure 4 has been discussed in RAN1. Compared to network coordination based on-demand SSB triggering, the on-demand SSB based on UE triggering has higher UE power consumption and complexity due to uplink WUS transmission for requesting SSB. In particular, from UE side, the UE may need to send SSB request to multiple Scells if the UE is configured with multiple Scells. Additionally, for the case that UE cannot obtain beam information before transmitting the wake-up signal, the UE would need to beam-sweep WUS transmission to a cell in multi-beam systems. From NW side, the method based on UE triggering leads to higher NW energy consumption due to monitoring the uplink WUS transmissions from UEs. An important question in having UE send uplink signal to trigger SSB transmission we should answer is whether the UE has useful information in aiding gNB to determine on-demand SSB transmission. 
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Figure 4: On-demand SSB based on UE trigger
Observation 3: Compared to network coordination based on-demand SSB triggering, the on-demand SSB based on UE triggering leads to
· Higher UE power consumption and complexity due to uplink WUS transmission for requesting SSB. In particular, UE may have to beam-sweep WUS transmission to a cell in multi-beam systems and/or send SSB request to multiple Scells.
· Higher NW energy consumption due to monitoring the uplink WUS transmissions from UEs.
Proposal 6: Wake-up signal from the UE to trigger on-demand SSB transmission is not supported. 
Conclusion
The contribution has discussed our views on on-demand SSB operation for Scell. In particular, we make the following observations and proposals:
Observation 1: Having on-demand SSB configured as cell-defining SSB has negative impact to both legacy idle/inactive UEs and R19 idle/inactive UEs.
Observation 2: When/how gNB triggers on-demand SSB transmission is transparent to the UE. However, the gNB should indicate the configuration of on-demand SSB transmission to the UE.
Observation 3: Compared to network coordination based on-demand SSB triggering, the on-demand SSB based on UE triggering leads to
· Higher UE power consumption and complexity due to uplink WUS transmission for requesting SSB. In particular, UE may have to beam-sweep WUS transmission to a cell in multi-beam systems and/or send SSB request to multiple Scells.
· Higher NW energy consumption due to monitoring the uplink WUS transmissions from UEs.

Proposal 1: On-demand SSB is only limited to non-cell defining SSB (i.e., SSB without associated SIB1).
Proposal 2: For a cell supporting on-demand SSB Scell operation, UE expects on-demand SSB is transmitted at least in scenarios 2/3 for Case 1 and at least in scenario 3A for Case 2.
Proposal 3: The configuration of on-demand SSB transmission is provided in RRC. The configuration includes at least the following information for a cell supporting on-demand SSB Scell operation:
· Frequency where the on-demand SSB is transmitted (e.g., ARFCN)
· The SCS of on-demand SSB if the band supports multiple SCSs for SSB
· Periodicity of the on-demand SSB burst
· A bitmap of the actually transmitted on-demand SSBs.
Proposal 4: If adapting on-demand SSB configuration (e.g., SSB burst periodicity and/or bitmap of transmitted SSBs) is supported, introduce a new MAC-CE for joint Scell activation and OD-SSB configuration indication update.
Proposal 5: Reuse the existing L1/L3 SSB-based measurement and reporting framework for the L1/L3 measurement and reporting based on on-demand SSB.
· UE expects that on-demand SSBs for cells configured for L1/L3 measurements are periodically transmitted.
· FFS: whether to define a duration in which the UE is expected to perform L1/L3 measurement.
Proposal 6: Wake-up signal from the UE to trigger on-demand SSB transmission is not supported. 
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