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1. [bookmark: _Toc120549591]Introduction
In RAN1#116b meeting [1], the following agreements were made regarding the applicable scenario, triggering method and configuration of on-demand SSB in SCell.
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
In this contribution, we concentrate on discussing the applicable scenario, procedure and triggering method of on-demand SSB in SCell for connected UEs.
2. Discussion on whether on-demand SSB is CD-SSB
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    
· [bookmark: _Hlk162699860]Case #2: Always-on SSB is periodically transmitted on the cell 
RAN1#116b meeting has achieved agreement that whether always-on SSB (if transmitted) is CD-SSB is up to gNB implementation. That is, to avoid always-on SSB with sparse periodicity (e.g. 160ms) enlarging cell search delay of legacy UEs, legacy UEs can be barred on NES SCell when always-on SSB is CD-SSB, or legacy UEs are prevented from accessing to NES SCell when always-on SSB is not CD-SSB.  
One remaining issue is whether on-demand SSB is not CD-SSB. For Case #1, on-demand SSB changes between absent and present, SSB periodicity equals to or is less than normal periodicity (e.g. 20ms) for fast unknown SCell activation. Different categories of on-demand SSB are analyzed with regard to the impact on legacy UEs.
If on-demand SSB is CD-SSB on sync raster, legacy UEs may successfully access to the NES SCell when CD-SSB is present. Considering the data transmission of legacy UEs relies on L1 measurement for beam tracking and RLM, and L3 measurement for quality evaluation of serving cell, if the legacy UEs successfully access to the NES SCell, gNB cannot turn off its SSB anymore, resulting in low NES gain. Otherwise, if gNB turns off on-demand SSB, legacy UEs cannot work properly in the NES cell. Therefore, we think legacy UEs should be barred in NES SCell if on-demand SSB is CD-SSB.
If on-demand SSB is not CD-SSB (e.g., on-demand SSB is not transmitted on sync raster, or on-demand SSB is not associated with an RMSI), legacy UEs cannot successfully access to the NES SCell via initial access, then there is no negative impact on legacy UEs. 
Above all, similar as always-on SSB, whether on-demand SSB on the cell is CD-SSB can be up to gNB implementation. If on-demand SSB is CD-SSB, legacy UEs should be barred on this SCell.
Proposal 1: For NES SCell supporting on-demand SSB SCell operation, it is up to gNB implementation whether on-demand SSB is CD-SSB or not. If on-demand SSB is CD-SSB, legacy UEs should be barred on this SCell.
3. Discussion on on-demand SSB SCell operation
RAN1#116b meeting has identified following four scenarios for on-demand SSB SCell operation:
· 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 #2A:When UE receives SCell activation command (e.g., as defined in TS 38.321)
· Scenario #3A: After UE receives SCell activation command (e.g., as defined in TS 38.321) until SCell activation is completed
· Scenario #3B: When SCell activation is completed and SCell is activated or after SCell activation is completed and SCell is activated

For the identified scenarios, on-demand SSB can be triggered by gNB at least for Scenario #2 and Case #1/Case #2, Scenario #2A and Case #1/Case #2.
In this section, we discuss indication method for on-demand SSB in Scenario #2 and Scenario #2A, and whether on-demand SSB can be applied to Scenario #3A and Scenario #3B.
[bookmark: _Hlk159082685]3.1 On-demand SSB SCell operation in Scenario #2
For Scenario #2 and Case #1, SCell is configured to a UE but the UE hasn’t received SCell activation command, the NES SCell may be an unknown SCell at this stage. The benefit of triggering on-demand SSB of multiple SCells in Scenario #2 is activating a specific SCell based on L3 measurement and report instead of blind activation of a SCell. On the other hand, on-demand SSB before SCell activation command can turn the unknown SCell to known SCell, so that the SCell can be activated faster when UE receives the SCell activation command. 
For Scenario #2 and Case #2, considering there is already an always-on SSB on the SCell, the motivation of additional on-demand SSB is not clear. One potential benefit may be turning the unknown SCell to known SCell more quickly.
[bookmark: _Hlk166236180]Observation 1: For Scenario #2 and Case #1, on-demand SSB SCell operation has benefits in avoiding blind activation of SCell and fast SCell activation.
gNB can know the DL traffic status of the UE by itself and the UL traffic status of the UE through SR/BSR procedure. Regarding triggering signaling of on-demand SSB, as shown in Fig. 1, gNB can indicate on-demand SSB transmission in Scenario #2 based on UE’s traffic status with a separate DL signaling from SCell activation command. 
[image: ]
Fig. 1 on-demand SSB triggered by SR/BSR + new DL signaling
Proposal 2: For on-demand SSB SCell operation in Scenario #2, a separate DL signaling from SCell activation command can be used to indicate on-demand SSB on NES SCell.
Another possible way is that UE triggers on-demand SSB with UL WUS (different from the current SR/BSR signaling) in Scenario #2. As shown in Fig. 2, the UL WUS could be an enhanced SR or dedicated PRACH to PCell, so that gNB can immediately know that UE wants to trigger the on-demand SSB on NES SCell once PCell receives the UL WUS. Compared with “SR/BSR + gNB triggered on-demand SSB”, the scheme “UL WUS + on-demand SSB with or w/o gNB confirmation” can save UL grant transmission and BSR transmission and provide lower total SCell activation latency, but how much additional power it can save is uncertain. Therefore, it should be further discussed whether/how UL WUS triggered on-demand SSB can provide more network power saving gain compared to gNB triggered on-demand SSB operation.
[image: ]
Fig. 2 on-demand SSB triggered by WUS with or w/o gNB confirmation
Observation 2: Compared with “SR/BSR + gNB triggered on-demand SSB”, the scheme “UL WUS + on-demand SSB with or w/o gNB confirmation” may save UL transmission and BSR transmission and provide lower total SCell activation latency, but the additional network power saving gain is uncertain.
Proposal 3: For on-demand SSB SCell operation in Scenario #2, the motivation and potential NES gain should be clarified for UL WUS triggered on-demand SSB.
RAN1#116b meeting agreed to study at least the following options for SSB burst(s) indicated by on-demand SSB SCell operation:
· 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.
For Scenario#2, we think option 2 and 3 are more suitable, where the number of on-demand SSB bursts in option 3 can be determined by gNB based on RAN4 requirement on L3 measurement.
Proposal 4: Regarding the options for SSB burst(s) indicated by on-demand SSB SCell operation in Scenario#2, Option 2 and Option 3 can be considered.
3.2 On-demand SSB SCell operation in Scenario #2A
For Scenario #2A and Case #1/Case #2, there is no SSB or always-on SSB with sparse periodicity on SCell before UE receives SCell activation signaling, SCell may be an unknown SCell. gNB can activate the SCell depending on the traffic status via RRC signaling for SCell configuration or via SCell activation command. At the same time, the SCell activation signaling can also indicate the on-demand SSB on SCell for fast activation of unknown SCell. 
Comparing Scenario #2A with Scenario #2, gNB may have minor information on quality of unknown SCell and activate a SCell blindly. If gNB detects poor quality of SCell after SCell activation completion, gNB needs to deactivate the SCell and activate another SCell again.
Observation 3: On-demand SSB SCell operation in Scenario #2A can accelerate SCell activation but has drawback on blind activation of SCell.
Proposal 5: For on-demand SSB SCell operation in Scenario #2A, RRC signaling for SCell configuration or SCell activation command can be used to indicate on-demand SSB on NES SCell.
The periodicity of the on-demand SSB indicated by SCell activation command can be normal periodicity (e.g., 20ms) or a mixture of dense periodicity (e.g., 5ms) and normal periodicity (e.g., SSB with dense periodicity is firstly transmitted for a time duration, followed by SSB with normal periodicity). The on-demand SSB with dense periodicity is beneficial for fast SCell activation since UE can perform fast AGC, fast synchronization and L1-RSRP measurement. The pattern of on-demand SSB (e.g., SSB with normal periodicity or mixture of dense periodicity and normal periodicity) can be configured by higher-layer signaling or indicated in the SCell activation command. As shown in Fig. 3, if UE receives SCell activation command from PCell in slot n, after HARQ feedback of MAC-CE, UE performs fast AGC/cell search, fast synchronization and CSI measurement and reporting with dense SSB. Dense SSB switch to normal SSB periodicity after a time duration, e.g., after the SCell activation is completed or the duration of dense SSB can be configured by higher layer or indicated in the SCell activation command.
[image: ]
Fig. 3. on-demand SSB SCell operation triggered by gNB with DL traffic
Proposal 6: For on-demand SSB SCell operation in Scenario #2A, the on-demand SSB can be SSB with normal periodicity (e.g., 20ms) or SSB with dense periodicity (e.g., 5ms) followed by normal periodicity.
Regarding the options for on-demand SSB bursts indication in Scenario#2A, we think Option 1A is a baseline configuration where normal SSB periodicity is considered after SCell activation command until turned off by SCell deactivation signaling. The activation delay of unknown SCell can be long with normal SSB periodicity. To further reduce SCell activation delay, dense SSB transmission followed by normal SSB transmission on SCell can be supported. To configure this new SSB pattern, Option 4 can be supported.
Proposal 7: Regarding the options for SSB burst(s) indicated by on-demand SSB SCell operation in scenario#2A, Option 1A and Option 4 can be considered.
3.3 On-demand SSB SCell operation in Scenario #3A and #3B
Since Scenario#2A is supported and the first transmission occasion (i.e. instance A) of on-demand SSB burst can be after UE receives SCell activation signaling and indicated by SCell activation signaling, there is no clear motivation to support Scenario#3A.
Proposal 8: On-demand SSB SCell operation in Scenario #3A is not supported.
For Scenario#3B, one issue is whether on-demand SSB can be turned off after SCell activation is completed. In our understanding, the on-demand SSB shall be transmitted even the the SCell activation is completed. However, after SCell activation completion, it is up to gNB (e.g. when the traffic load/the UE number is relatively small) to turn off on-demand SSB for network power saving. Without on-demand SSB, both UE assumption Case 1 and Case 2 on SSB transmission are possible.
For Scenario#3B and Case 1, UE may loss AGC, synchronization and beam tracking after a long period with no SSB. When gNB detects new DL or UL traffic, on-demand SSB can be indicated before data transmission for AGC, synchronization and L1-RSRP measurement. The delay of these procedure may be long, the required SSB bursts and the precision of synchronization need evaluation. There may be impact of on-demand SSB on measurement related requirements of RAN4, an LS can be sent to RAN4 for further study.
For Scenario#3B and Case 2, always-on SSB has a sparse periodicity. Since UE may not perform AGC or synchronization properly based on always-on SSB, on-demand SSB can also be indicated before data transmission for AGC and synchronization. The delay of these procedure is shorter compared with Case 1. 
Besides, considering different UEs may operate in different SCell states, on-demand SSB transmission for one UE in Scenario#2A will impact rate matching and UL resource validation of another UE in Scenario#3B. This is because SSB transmission is cell level but indication of on-demand SSB is UE-specific, the UE in Scenario#3B does not know about the on-demand SSB transmission triggered for other UEs. To avoid negative impact on UEs in Scenario#3B, gNB should inform UEs in Scenario#3B about the transmission of on-demand SSB for other UEs. From this perspective, on-demand SSB SCell operation in Scenario #3B shall be supported, and group common signaling (e.g. group common DCI) can be considered to indicate on-demand SSB in Scenario #3B.
Proposal 9: On-demand SSB SCell operation in Scenario #3B and Case #1/Case #2 can be supported. 
Proposal 10: For on-demand SSB SCell operation in Scenario #3B, a separate DL signaling from SCell activation command (e.g. group common DCI) can be considered to indicate on-demand SSB on NES SCell.
Regarding the options for on-demand SSB bursts indicated in Scenario#3B, similar as Scenario#2A, the periodicity of the on-demand SSB can be normal periodicity, or a mixture of dense periodicity and normal periodicity. Option 1A is a baseline configuration where normal SSB periodicity is considered until turned off by gNB indication. To further reduce delay of AGC and synchronization, dense SSB transmission followed by normal SSB transmission can be supported by Option 4.
Proposal 11: Regarding the options for SSB burst(s) indicated by on-demand SSB SCell operation in scenario#3B, Option 1A and Option 4 can be considered.
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4. Conclusion
In this contribution, we discussed the applicable scenario, procedure and triggering method of on-demand SSB in SCell for connected UEs, and the following proposals are made.
Observation 1: For Scenario #2 and Case #1, on-demand SSB SCell operation has benefits in avoiding blind activation of SCell and fast SCell activation.
Observation 2: Compared with “SR/BSR + gNB triggered on-demand SSB”, the scheme “UL WUS + on-demand SSB with or w/o gNB confirmation” may save UL transmission and BSR transmission and provide lower total SCell activation latency, but the additional network power saving gain is uncertain.
Observation 3: On-demand SSB SCell operation in Scenario #2A can accelerate SCell activation but has drawback on blind activation of SCell.
Proposal 1: For NES SCell supporting on-demand SSB SCell operation, it is up to gNB implementation whether on-demand SSB is CD-SSB or not. If on-demand SSB is CD-SSB, legacy UEs should be barred on this SCell.
Proposal 2: For on-demand SSB SCell operation in Scenario #2, a separate DL signaling from SCell activation command can be used to indicate on-demand SSB on NES SCell.
Proposal 3: For on-demand SSB SCell operation in Scenario #2, the motivation and potential NES gain should be clarified for UL WUS triggered on-demand SSB.
Proposal 4: Regarding the options for SSB burst(s) indicated by on-demand SSB SCell operation in Scenario#2, Option 2 and Option 3 can be considered.
Proposal 5: For on-demand SSB SCell operation in Scenario #2A, RRC signaling for SCell configuration or SCell activation command can be used to indicate on-demand SSB on NES SCell.
Proposal 6: For on-demand SSB SCell operation in Scenario #2A, the on-demand SSB can be SSB with normal periodicity (e.g., 20ms) or SSB with dense periodicity (e.g., 5ms) followed by normal periodicity.
Proposal 7: Regarding the options for SSB burst(s) indicated by on-demand SSB SCell operation in scenario#2A, Option 1A and Option 4 can be considered.
Proposal 8: On-demand SSB SCell operation in Scenario #3A is not supported.
Proposal 9: On-demand SSB SCell operation in Scenario #3B and Case #1/Case #2 can be supported. 
Proposal 10: For on-demand SSB SCell operation in Scenario #3B, a separate DL signaling from SCell activation command (e.g. group common DCI) can be considered to indicate on-demand SSB on NES SCell.
[bookmark: _GoBack]Proposal 11: Regarding the options for SSB burst(s) indicated by on-demand SSB SCell operation in scenario#3B, Option 1A and Option 4 can be considered.
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