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Introduction
In 3GPP RAN1#116 meeting, some agreements about on-demand SSB SCell operation for UEs in connected mode were achieved as below [1].
	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
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
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, further discussion about the procedures of on-demand SSB SCell operation is provided.

Discussion on on-demand SSB SCell operation
Scenarios for on-demand SSB SCell operation
In 3GPP RAN1#116 meeting, the scenarios #2 and scenario #3 for on-demand SSB SCell operation were identified. And the FFS case (i.e., Scenario #3b as shown in Figure 1) is corresponding to the phase after Scell activation is completed. 
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Figure 1 Potential scenarios for on-demand SSB SCell operation
For scenario #2, SSBs are used mainly for measurement. According to existing spec., whether or not configuring SSB is optional. Hence, SSB-based measurement and reporting during scenario #2 is up to gNB’s implementation. What’s more, from network perspective, the selection of a SCell may be related to multiple factors, such as traffic load, layout and gNB’s implementation of cell on/off strategies. It does not only rely on the measurement and report from UEs. So SSB transmission seems not mandatory in scenario #2. More importantly, if there was no on-demand SSB transmission in scenario #2, the corresponding network energy could be saved.
[bookmark: _Toc29892]In addition, the time when the base station activates the SCells may be due to burst traffic arrival, which cannot be predicted in advance. Therefore, the proper timing when to trigger on-demand SSB in scenario #2 is not known.  
[bookmark: _Toc29913][bookmark: _Toc10983][bookmark: _Toc14677]For scenario #2, SSB-based measurement and report are not mandatory, and the proper timing when to trigger the on-demand SSB is unknown.
As shown in Figure 1, the scenario 3 is further split to scenario 3a (after UE receives SCell activation command) and scenario 3b (SCell activation is completed). 
In scenario 3a, on-demand SSBs can be introduced for e.g., AGC, cell search, and L1 measurement. Further, the SCell activation delay is closely related to the SSB transmission periodicity, i.e., longer SSB periodicity brings larger SCell activation delay. Therefore, to effectively reduce the SCell activation delay and save network energy consumption, supporting on-demand SSB transmission with small-interval is beneficial.
[bookmark: _Toc23290][bookmark: _Toc32286][bookmark: _Toc5192][bookmark: _Toc5232]On-demand SSBs are needed during SCell activation procedure to save network energy consumption and reduce SCell activation delay.
As for scenario 3b, UE can operate in this scenario for a long time, which means there is a high opportunity to obtain energy saving gains during this phase. The most significant energy saving benefit on the SCell can be achieved if most/all of the SSB transmission is reduced after SCell activation is completed.
It is noted that UE can acquire synchronization information during the SCell activation procedure. Therefore, after the SCell activation is completed (Scenario 3b), the system performance can be basically ensured even if dense SSB transmission is not maintained. For the cases that UEs need more accurate synchronization information, on-demand SSB transmission can be additionally triggered to ensure user experience and system performance. Compared with resuming SSB transmission after SCell activation, on demand-SSB transmission can achieve a better tradeoff between network energy saving and system performance.
[bookmark: _Toc3670][bookmark: _Toc1400][bookmark: _Toc31982][bookmark: _Toc30912]Compared with resuming SSB transmission after completion of SCell activation, on demand-SSB transmission can achieve a better tradeoff between network energy saving and system performance.
To sum up, triggering on-demand SSB in scenario 3(including 3a, 3b) is necessary and helpful for network energy saving. Therefore, at least scenario 3 should be supported.
[bookmark: _Toc7702][bookmark: _Toc20446][bookmark: _Toc21211][bookmark: _Toc21271]On-demand SSB SCell operation should be supported for at least scenario #3, including both SCell activation procedure and activated SCell.

Triggering signaling for on-demand SSB
It was agreed in 3GPP RAN1 #116 meeting that at least support on-demand SSB SCell operation triggered by gNB. Herein we investigate the signaling and timeline from the perspective each of scenario as follows.
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Figure 2 Signaling/indication triggers on-demand SSB bursts
In scenario #3a, the on-demand SSB is triggered for SCell activation. And the SCell can be activated/deactivated by existing MAC CE. Therefore, a straightforward method is to incorporate the on-demand SSB triggering indication with the SCell activation/deactivation MAC CE. In this sense, the signaling overhead and SCell activation latency can be reduced. 
[bookmark: _Toc13982]On-demand SSB for scenario #3a can be triggered by enhanced SCell activation/deactivation signaling.
For the triggering signaling in scenario #3b, in order to simplify the design, similar triggering signaling as scenario 3a can be considered. 
[bookmark: _Toc5805]For scenario #3b, a triggering signaling same with the scenario#3a can be considered.
If on demand SSB is also supported for scenario #2 to assist gNB in SCell(s) activation. In such instances, triggering on-demand SSB transmission on one or multiple SCells at the same time may be needed. In our view, MAC CE is an option to serve this purpose.
To this end, considering on-demand SSB may be triggered for different scenarios, whether or not design one unified signaling for all scenarios can be further studied.

[bookmark: _Toc82][bookmark: _Toc525][bookmark: _Toc29089][bookmark: _Toc29400]UE assumption on SSB transmission before/after on-demand SSB is triggered   
In last RAN1 meeting, two cases were identified for the assumption on SSB transmission on a SCell before on-demand SSB is triggered. 
·  Case #1: No always-on SSB on the cell
·  Case #2: Always-on SSB is periodically transmitted on the cell
In general, in order to achieve network energy saving gain, the technique which reduces or eliminates the transmission of SSBs is pursued. It is clear that compared with case #2, case #1 brings more energy saving gain.
[bookmark: _Toc19155][bookmark: _Toc6890][bookmark: _Toc29615]Case #1 brings more energy saving gain compared with case #2.
Taking scenario #2 as an example, the SSB-based measurement results can be used to assist the gNB in selecting which SCell to be activated. However, the traffic arrival time is unpredictable. If there is no need to activate any SCell, the measurement is useless. Therefore, the periodically transmitted SSBs before on-demand SSB is triggered has no advantage but causes unnecessary power consumption for both NW and UE. Moreover, if always-on SSB is periodically transmitted on the cell, the gNB may have already obtained the measurement results of this cell. In this case, the motivation for triggering on-demand SSB is unclear.
In another example, for scenario #3a, SSB is supposed to be received during SCell activation period, it seems not necessary to transmit always-on SSB before on-demand SSB/or SCell activation is triggered. Therefore, at least in scenario #2/scenario #3a, with assumption of case #2, the motivation for triggering on-demand SSB is unclear.
In addition, if always-on SSB is periodically transmitted on the cell before on-demand SSB being triggered, the triggering of on-demand SSB is equivalent to the adaptation of SSB burst periodicity, which is discussed in AI 9.5.3. To avoid duplicated standardization work, case #2 should be discussed in the AI 9.5.3.
[bookmark: _Toc21742][bookmark: _Toc27240][bookmark: _Toc24526][bookmark: _Toc5693]Case #1 should be supported for on-demand SSB for SCell.
Case #2 should be discussed in AI 9.5.3.
In 3GPP RAN1 #116 meeting, five options for the transmission mode of the on-demand SSBs after on-demand SSB being triggered were identified. 
For option 1, if UE assumes that on-demand SSB burst(s) is periodically transmitted from time instance A, gNB may hardly harvest decent network energy saving gain. To be more specific, multiple UEs are served by a cell. If any one of these UEs needs to transmit data in the cell, network has to resume periodic SSB transmission. In that respect, gNB has low probability to save energy. 
Taking scenario #2 as an example. If SSB based measurement reporting is configured as event-triggered, triggering periodic SSB for this one-shot report seems unreasonable. On the other hand, if the SSB based measurement reporting is configured as periodical and the SCell with on-demand SSB transmission remains inactive, it will result in unnecessary power consumption.
[bookmark: _Toc19031][bookmark: _Toc5250]If UE assumes that on-demand SSB burst(s) is periodically transmitted from time instance A, gNB may hardly harvest network energy saving gain.
Option 1 should be justified from NES perspective; otherwise, it should be de-prioritized. 
Moreover, periodic reference signals have caused co-existence issue for dynamic spectrum sharing (DSS). For the re-farmed spectrum, or new spectrum introduced for 5G licensed band (such as 6GHz), reduced or even eliminated SSB transmission will be more beneficial for DSS.
[bookmark: _Toc7324][bookmark: _Toc15436][bookmark: _Toc19781][bookmark: _Toc18390][bookmark: _Toc5472]Reduced or even eliminated SSB transmission will be more beneficial for DSS of re-farmed spectrum, or new spectrum introduced for 5G licensed band (such as 6GHz).
Furthermore, for option 1A, option 2 and option 3, the on-demand SSB can be stopped for further energy saving. According to option 1A, on-demand SSB transmission is terminated via network signaling, thus additional indication signaling is required, which increases the signaling overhead.
For option 2, the SSB can be transmitted within certain time duration from time instance A to time instance B. Time instance A can be determined by the application delay of the triggering signaling, which is related to the type of the indication signaling. And for option 3, a number of on-demand SSB bursts can be considered, wherein the value of N can be pre-defined or indicated by the indication signaling. 
As for option 4, SSB transmissions with a different periodicity are triggered, which is duplicated with the adaptation of SSB burst periodicity discussed in AI 9.5.3.
Option 4 should be incorporated in AI 9.5.3.
[bookmark: _Toc22869][bookmark: _Toc18064][bookmark: _Toc3767][bookmark: _Toc29064][bookmark: _Toc24881][bookmark: _Toc26155][bookmark: _Toc19631][bookmark: _Toc9343]Option 1A, Option 2 and option 3 can be down-selected for further discussion.
Impact of on-demand SSB SCell on legacy UE
It was proposed to reduce the impact of on-demand SSB SCell on legacy UE by restricting the SSB to not cell-defining SSB. Herein the necessity of this limitation is discussed.
For legacy RRC connected UEs, the SCell with on demand SSB transmission can be configured as intra/inter-band SSB-less SCell. For legacy RRC idle/inactive UEs, if they attempt to search the cell during the period when on-demand SSB is not transmitted (i.e., before the SSB is triggered), they cannot identify the cell. Nevertheless, if legacy idle/inactive UEs detect the on-demand SSBs after the on-demand SSB is triggered, it can initiate access on the NES cell. Once the UE enters connected mode, network can hand it over to other cells when it terminates the on-demand SSB transmission. Therefore, the impact of on-demand SSB operation on legacy UEs is manageable.
The impact of on-demand SSB operation on legacy UEs is manageable.
What’s more, if the gNB intends to prevent legacy UEs from initiating initial access on the cell with on-demand SSB, it can notify the UE that the current cell is barred for legacy UEs through the SSB or SIB1 to reduce the impact on the legacy UE.
The gNB can prevent the legacy UE from accessing the cell with on-demand SSB.
What’s more, per the discussion in AI 9.5.3, the SSBs adaptation may be applied to idle/inactive UEs (for Rel-19 NES capable UEs), and corresponding technique may be applicable to connected NES capable UEs.
Therefore, it is too early to restrict the on-demand SSB to not cell-defining SSB. Such a restriction will narrow down the applicable scenarios of on-demand SSB and diminish the opportunities for obtaining energy saving gains. 
It is not necessary to restrict the SSBs on the on-demand SSB SCell to not cell-defining SSB.

Conclusion
In this contribution, we have the following observations and proposals:
1. For scenario #2, SSB-based measurement and report are not mandatory, and the proper timing when to trigger the on-demand SSB is unknown.
1. On-demand SSBs are needed during SCell activation procedure to save network energy consumption and reduce SCell activation delay.
1. Compared with resuming SSB transmission after completion of SCell activation, on demand-SSB transmission can achieve a better tradeoff between network energy saving and system performance.
1. Case #1 brings more energy saving gain compared with case #2.
1. If UE assumes that on-demand SSB burst(s) is periodically transmitted from time instance A, gNB may hardly harvest network energy saving gain.
1. Reduced or even eliminated SSB transmission will be more beneficial for DSS of re-farmed spectrum, or new spectrum introduced for 5G licensed band (such as 6GHz).
1. The impact of on-demand SSB operation on legacy UEs is manageable.
1. The gNB can prevent the legacy UE from accessing the cell with on-demand SSB.

1. On-demand SSB SCell operation should be supported for at least scenario #3, including both SCell activation procedure and activated SCell.
1. On-demand SSB for scenario #3a can be triggered by enhanced SCell activation/deactivation signaling.
1. For scenario #3b, a triggering signaling same with the scenario#3a can be considered.
1. Case #1 should be supported for on-demand SSB for SCell.
1. Case #2 should be discussed in AI 9.5.3.
1. Option 1 should be justified from NES perspective; otherwise, it should be de-prioritized. 
1. Option 4 should be incorporated in AI 9.5.3.
1. Option 1A, Option 2 and option 3 can be down-selected for further discussion.
1. It is not necessary to restrict the SSBs on the on-demand SSB SCell to not cell-defining SSB.
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