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1. [bookmark: _Toc120549591]Introduction
In RAN1#116 meeting [1], the following agreements were made regarding the applicable scenario, triggering method and configuration of on-demand SSB in SCell.
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
[bookmark: _Hlk162701562]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)
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. One remaining issue is whether always-on SSB and on-demand SSB are not cell-defining SSB.
· Case #1: No always-on SSB on the cell    
· [bookmark: _Hlk162699860]Case #2: Always-on SSB is periodically transmitted on the cell 
1) Case #1
For Case #1, on-demand SSB changes between absent and present, SSB period equals to or is less than normal period (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 network power saving gain, otherwise 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. 
Proposal 1: For NES SCell supporting on-demand SSB SCell operation (with no always-on SSB on the cell), on-demand SSB can be CD-SSB or not CD-SSB. If on-demand SSB is CD-SSB, legacy UEs should be barred on this cell.
2) Case #2
Based on Chair’s guidance in last meeting, Case #2 will be discussed in AI 9.5.3. Here, we only discuss whether the always-on SSB can be CD-SSB or not.
For Case#2, we assume the SSB periodicity adapts between a larger periodicity (e.g. 160ms) and the normal periodicity (e.g., 20ms). As we discussed in our companion contribution [2], if the always-on SSB is CD-SSB, legacy UEs may successfully access to the NES SCell as its PCell. In current cell search procedure, SSB is used for of basic functions such as cell information acquisition, T/F synchronization, AGC and beam selection. A UE may need to receive 2-3 SSB bursts to accomplish the above functions. Simultaneously, according to TS 38.213, the legacy UE may assume that SSB burst is transmitted in 20ms period during the cell search procedure. As shown in Fig. 1, when always-on SSB is transmitted in a large periodicity and legacy UE can detect the always-on SSB, legacy UEs may fail to detect SSB in next few attempts with 20ms periodicity. It may cause a significant cell search delay of legacy UEs. From this perspective, legacy UE shall not access to the SCell that support SSB adaptation during cell search procedure, thus we think if the always-on SSB is CD-SSB, the NES SCell should be barred for legacy UEs. 
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[bookmark: _Ref162120513]Fig. 1  An example for cell search procedure of legacy UE
Proposal 2: For NES SCell with SSB adaptation in time domain and always-on SSB is periodically transmitted on the cell, always-on SSB can be CD-SSB or not CD-SSB. If always-on SSB is CD-SSB, legacy UEs should be barred on this cell.
3. Discussion on on-demand SSB SCell operation
RAN1#116 meeting has identified following two 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 #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 
In this section, we discuss whether on demand SSB can be applied to Scenario #2 and Scenario #3, and triggering method for on-demand SSB. 
[bookmark: _Hlk159082685]3.1 On-demand SSB SCell operation in Scenario #3
[bookmark: _Hlk162705974]It was agreed in last meeting to support on-demand SSB SCell operation triggered by gNB. In our understanding, the on-demand SSB SCell operation triggered by gNB is naturally suitable for Scenario #3. In Scenario #3, there is no SSB transmission on SCell before UE receives SCell activation command. PCell can know the DL and UL traffic status of the UE by itself or through SR/BSR procedure, so gNB can activate the SCell via SCell activation command depending on the traffic status. At the same time, the SCell activation command can also trigger the on demand SSB on SCell, as illustrated in Fig.2.
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Fig. 2. on demand SSB SCell operation triggered by gNB with UL traffic
Proposal 3: For on-demand SSB SCell operation in Scenario #3, SCell activation command can be used to trigger on demand SSB on NES SCell.
The periodicity of the on demand SSB triggered 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 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.
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Fig. 3. on demand SSB SCell operation triggered by gNB with DL traffic
Proposal 4: For on-demand SSB SCell operation in Scenario #3, the on-demand SSB triggered by SCell activation command can be SSB with normal periodicity (e.g., 20ms) or SSB with dense periodicity (e.g., 5ms) followed by normal periodicity.
[bookmark: _Hlk162706350]Another issue is whether on demand SSB can be turned off after SCell activation is completed in Scenario #3. In our understanding, the on demand SSB will be transmitted after UE receives the SCell activation command until the UE receives the SCell deactivation command. That means, the on demand SSB shall be transmitted even the the SCell activation is completed. However, after SCell activation completion, SSB periodicity can be relaxed to a sparse periodicity by leveraging the SSB adaptation scheme discussed in AI 9.5.3 for power saving.
[bookmark: _Hlk162707079]Proposal 5: For on-demand SSB SCell operation in Scenario #3, after SCell activation is completed, the on-demand SSB shall not be turned off until UE receives the SCell deactivation command, but the periodicity of on-demand SSB can be adapted by leveraging the SSB adaptation scheme discussed in AI 9.5.3.
RAN1#116 meeting agreed to study at least the following options for SSB burst(s) triggered 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#3, 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 or the combination of option 1A and 2 or the combination of option 1A and 3 can be supported.
Proposal 6: Regarding the options for SSB burst(s) triggered by on-demand SSB SCell operation in scenario#3, Option 1A, Option 4, Option 2/3+1A can be considered.
One example of the whole on-demand SSB SCell operation procedure for unknown SCell is shown in Fig. 4. No SSB is transmitted on NES SCell before UE receives the SCell activation command. In this state, we consider the NES SCell is an unknown SCell. After UE receives SCell activation command, on-demand SSB with dense periodicity (e.g., 5ms) followed by normal periodicity (e.g., 20ms) is triggered by SCell activation command. After SCell activation is completed, the periodicity of on-demand SSB can be adapted based on gNB indication. After UE receives the SCell deactivation command, on-demand SSB will be turned off.
[image: ]
Fig. 4 on-demand SSB SCell operation procedure for unknown SCell
3.2 On-demand SSB SCell operation in Scenario #2
For Scenario #2, SCell is configured to a UE but the UE hasn’t received SCell activation command, we consider the NES SCell is an unknown SCell at this stage. The motivation to trigger on-demand SSB in Scenario #2 could be turn the unknown SCell to known SCell, so that the SCell can be activated faster when UE receives the SCell activation command. 
[image: ]
Fig. 5 on demand SSB triggered by SR/BSR + new DL signaling
gNB can know the DL traffic status of the UE by itself and the UL traffic status of the UE through SR/BSR procedure. As shown in Fig. 5, one possible way is that gNB triggers on-demand SSB in Scenario #2 based on UE’s traffic status with a new signaling (different from SCell activation signaling). However, this method seems not necessary since gNB can also directly transmit the SCell activation command earlier to trigger on-demand SSB and activate the SCell together. In addition, it seems this triggering method is out of WID scope, since the WID states to select triggering method(s) from UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, SCell activation/deactivation signaling.
Proposal 7: For on demand SSB SCell operation in Scenario #2, no need to support gNB triggering on-demand SSB using new signaling different from SCell activation/deactivation command.
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Fig. 6 on demand SSB triggered by WUS with or w/o gNB confirmation
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. 6, 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.
Observation 1: 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 8: For on demand SSB SCell operation in Scenario #2, the motivation and potential network power saving gain should be clarified for UL WUS triggered on-demand SSB.
1 
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.
Proposal 1: For NES SCell supporting on-demand SSB SCell operation (with no always-on SSB on the cell), on-demand SSB can be CD-SSB or not CD-SSB. If on-demand SSB is CD-SSB, legacy UEs should be barred on this cell.
Proposal 2: For NES SCell with SSB adaptation in time domain and always-on SSB is periodically transmitted on the cell, always-on SSB can be CD-SSB or not CD-SSB. If always-on SSB is CD-SSB, legacy UEs should be barred on this cell.
Proposal 3: For on-demand SSB SCell operation in Scenario #3, SCell activation command can be used to trigger on demand SSB on NES SCell.
Proposal 4: For on-demand SSB SCell operation in Scenario #3, the on-demand SSB triggered by SCell activation command can be SSB with normal periodicity (e.g., 20ms) or SSB with dense periodicity (e.g., 5ms) followed by normal periodicity.
Proposal 5: For on-demand SSB SCell operation in Scenario #3, after SCell activation is completed, the on-demand SSB shall not be turned off until UE receives the SCell deactivation command, but the periodicity of on-demand SSB can be adapted by leveraging the SSB adaptation scheme discussed in AI 9.5.3.
Proposal 6: Regarding the options for SSB burst(s) triggered by on-demand SSB SCell operation in scenario#3, Option 1A, Option 4, Option 2/3+1A can be considered.
Proposal 7: For on demand SSB SCell operation in Scenario #2, no need to support gNB triggering on-demand SSB using new signaling different from SCell activation/deactivation command.
Observation 1: 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 8: For on demand SSB SCell operation in Scenario #2, the motivation and potential network power saving gain should be clarified for UL WUS triggered on-demand SSB.
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