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1. Introduction
At the RAN#102 meeting, the new work item of “Enhancement of network energy savings for NR” was agreed [1]. In this contribution, we provide our views on the first scope on on-demand SSB Scell operation. 

	[bookmark: _Hlk162718675]The objectives of the work item are the following:
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)
· 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.



2. Discussion
2.1	Applicable cell for on-demand SSB SCell operation
	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


First, we discuss what type of cell can support on-demand SSB SCell operation. In the previous meeting, there was a relevant discussion whether always-on SSB and on-demand SSB are not cell-defining SSB or not as shown in the agreement [2]. From the WID, it is clear that this objective focuses on specifying necessary mechanism only for SCell to support on-demand SSB. However, one cell can be used differently for different UEs, e.g., some UE can use cell#1 as SCell and other UEs can use the same cell#1 as PCell. We think a cell supporting on-demand SSB should not be used as PCell by any UEs because it is difficult for UEs to detect and maintain a link of a cell based on on-demand SSB that can be turned off. Such a mechanism or concept is clearly beyond the current Rel-19 objectives.
Therefore, RAN1 should discuss how to define a cell supporting on-demand SSB that is only used as SCell. We can consider several mechanisms for UEs not to use a cell supporting on-demand SSB as PCell. 
One possibility is just to set a cell as barred cell. This is our preferred solution as it has no new impact on the current gNB implementation. 
The other solution is to set a frequency location of SSB to be on non-sync raster only. By this solution, any UE cannot find SSBs which are located on non-sync raster in cell (re-)selection procedure, so there is no impact on idle UEs to find their PCell. These kind of SSBs can be said “not a cell defining SSB”. Note this is different from the terminology of “Non cell defining SSB” which was introduced in Rel-17.

Proposal 1:
· Discuss how to define a cell supporting on-demand SSB used only as SCell with following approaches.
· A Cell supporting on-demand SSB is cell-barred.
· On-demand SSB is not cell-defining SSB, i.e., it is not transmitted on sync raster and not associated with RMSI.
· Support “A cell supporting on-demand SSB is cell-barred”.

2.2	Applicable CA configurations
	Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations. 


Which CA scenarios (e.g., intra-band CA, inter-band CA w/ or w/o the restrictions of SSB-less SCell operation) to be supported for on-demand SSB SCell operation was discussed. Although the intention of the above agreement seems to be a little bit unclear, our understanding is that on-demand SSB should be supported for all CA configurations with striving for common design in terms of indication/configuration framework of on-demand SSB. 
While the framework should be common among CA configurations, necessary properties of (always-on/on-demand) SSB would be different in combinations of CA configuration/restriction (and potentially phase in CA procedure as discussed in section 2.4.3). We think that the relationship between CA restrictions and necessary properties of on-demand SSB (especially during SCell is activated denoted as phase3) would be trade-off. E.g., with some QCL/power/time relationship b/w SCell and other reference cell, a UE may be able to perform normal SCell operation during SCell is activated using no or less SSB thanks to reference cell according to the same/similar mechanism of SSB-less SCell operation. Therefore, in this sense, we think RAN1 can consider some CA restrictions which are less or easier than those for SSB-less operation if less always-on or on-demand SSB TX can be achieved, i.e., more NES gain is achieved with the restrictions.

Observation 1:
· Necessary on-demand SSB properties (e.g., periodicity, the number of SSBs) may be different in CA configuration (e.g., contiguous/non-contiguous inter-band CA or intra/inter-FR CA) and deployment conditions (e.g., restrictions on QCL, power and time difference between SSB-less SCell and PCell).

Proposal 2:
· RAN1 discuss and consider necessary properties (e.g., periodicity, the number of SSBs) of on-demand SSB and potentially always-on SSB in each CA configuration and potentially with some restrictions.
· Consider if there is large NES gain (i.e., less SSB) with some feasible CA restrictions (i.e., easier than those for SSB-less SCell operation).

2.3	Triggering mechanism
	Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE


Two types of triggering methods i.e., UE triggering and gNB triggering was discussed in the previous meeting, and only gNB triggering mechanism was agreed as shown above.

For UE triggering method, we have some concerns. In general, NW controls multiple UEs that have different properties e.g., when/how many/which index of (on-demand) SSB on SCell is truly required (although UE knows them). As a result, in case of UE triggering method, there could be many requests from different UEs and NW is forced to transmit (on-demand) SSB frequently, which is not suitable for NES. Even if a final decision on whether to transmit (on-demand) SSB is up to NW with considering request from UE, specifying UE triggering method may allow a UE not to behave for a proper normal SCell operation if requested SSB is not correctly received. In other words, with the UE triggering method in any specifications, a UE can argue that the UE cannot monitor PDCCH or perform RRM on SCell because the UE is not given the SSB requested by the UE. This is not preferable situation for NW operation. 
Moreover, required SSB properties such as when/how frequent/how many SSB is required by a UE could be statically determined e.g., as UE capability. Thus, we think UE triggering based on-demand transmission is not appropriate and is not necessary.

Observation 2:
· For UE triggering method, gNB may fall into transmitting SSB frequently on SCell to meet all UE’s request and requirements on SCell, which is not desirable for NES operation.
· The required SSB properties such as when/how frequent/how many SSB is required by the UE could be statically determined e.g., as UE capability or UE assistance information, and hence a mechanism for dynamic request of SSB transmission from UE would be unnecessary.

Proposal 3:
· Not support UE triggering mechanism for on-demand SSB transmission 
· If needed, some reporting from UE e.g., as UE capability or UE assistance information is enough.

2.4	SSB properties in each scenario
It was discussed that applicable scenarios of on-demand SSB, i.e., in which phase(s) in CA procedure on-demand SSB can be used, candidates of on-demand SSB properties and UE’s assumptions on SSB transmission as shown in the below agreements. As mentioned in the agreement, necessity and necessary properties of always-on SSB and on-demand SSB depend on scenarios (in which phase the SSB is used). 
In this section, we discuss use case of on-demand SSB and necessary on-demand SSB properties for each use case in each scenario. Note, although scenario#3 was agreed as the combination of the timing of SCell activation (phase#2 as shown in the below figure) and during SCell is activated (phase#3), we discuss each phase separately because use case of each phase and corresponding necessary SSB properties would be different.
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Fig.1: Scenarios and phases of SCell in CA procedure [2]

	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
· 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)



2.4.1	Before SCell activation 
Use case of on-demand SSB
In legacy configuration/behavior before SCell activation (in phase#1), SSB on SCell is RRC-configured in SCell addition and optionally RRC-configured in L3 measurement object in the typical procedure of normal SCell operation with SSB. In our understanding, it is not defined how/whether a UE use SSB before SCell activation according to the configuration in SCell config (except for L3 measurement). 

Based on the above legacy behavior, it is beneficial to use on-demand SSB for L3 measurement. The legacy operation would consume unnecessary NW energy because NW should transmit always-on SSB for UEs performing L3 measurement on the SCell. If NW wants to save energy consumption due to always-on SSB transmission on SCell, NW can stop transmission of always-on SSB on the SCell and NW does not rely too much on UE’s L3 measurement on the SCell before SCell activation. It would be possible and no problem e.g., if there is reference L3 measurement result on another cell in other frequency or UE has low/no mobility. Note that this operation is fully NW implementation matter, and there seems no need to define whether/in what condition on-demand SSB for L3 measurement should be used within phase#1 in the specification. Even in the legacy specification, it is up to NW whether to configure L3 measurement for UE before SCell activation or not.
Also, we can consider other use case of indication/transmission of on-demand SSB than L3 measurements. It may be beneficial for UE to perform synchronization and/or AGC setting, etc even before SCell activation.

Observation 3:
· On-demand SSB before SCell is activated can be used at least for L3 measurement.
· FFS: other use case and motivation than L3 measurement in phase 1.

New behavior
In each phase, whether/how to support indication and transmission of on-demand SSB should be clarified. As discussed above, transmission of on-demand SSB in phase#1 is beneficial for gNB to know UE’s L3 measurement result on the SCell while minimizing NW energy consumption. Regarding an indication, a UE should know whether/when/where on-demand SSB is sent so that the UE can properly use the SSB, so some indication in phase#1 is needed. Although the SCell activation is done via UE-dedicated signaling according to each UE’s traffic, it is beneficial for NW to collect and manage multiple UEs’ L3 measurement results on the SCell to determine whether/which SCell(s) to be activated for UE(s). In that sense, the efficient indication of on-demand SSB can be realized by group-common signaling to multiple UEs. This mechanism is better also in terms of NES operation because one exchange of signaling b/w NW and multiple UEs requires less NW TX/RX occasions leading longer NW sleep duration.

Proposal 4:
· Support indication and transmission of on-demand SSB before SCell is activated (in phase#1).
· Consider group-common signalling of indication of on-demand SSB for better NES operation.

SSB properties
On UE assumption (Default state of a cell on SSB), two cases were identified as shown in the agreement. We support No SSB TX (Case#1) for better NES gain. From a UE perspective, there would be not much change by the assumption because even in the current spec., it is not defined whether/how UE use (legacy) SSB in phase#1 configured in SCell configuration.

Regarding on-demand SSB properties, five options were identified in the previous meeting. Option1/4 and 1-A can be called “periodic based” SSB TX and “Semi-persistent based” SSB TX, respectively. Also, Option2 and Option3 are categorized into “aperiodic based” SSB TX. We support “Semi-persistent based” SSB TX and “aperiodic based” SSB TX. This is because more flexible approach to turn on/off SSB TX is appropriate to obtain enough NES gain. On top of “aperiodic based” SSB TX, “Semi-persistent based” SSB TX would also be useful in some cases, e.g., it enables UEs to monitor and track the performance of the cell/beam offering on-demand SSB in real-time (e.g., FR2 small cell for on-demand SSB) without unnecessary signaling overhead that is potentially required for “aperiodic based” SSB TX.
We do not support “Periodic-based” SSB TX because on-demand SSB should be able to be flexibly turned off (by implicit or explicit efficient signaling) immediately after a success of L3 measurements for better NES gain.

Proposal 5:
· Support “No SSB TX” (Case#1) before SCell is activated (in phase#1).

Proposal 6:
· Support “Semi-persistent based” TX (Option1-A) and/or “Aperiodic based” TX (Option2 or 3) before SCell is activated (in phase#1).
· Not support “Periodic based” TX (Option1 and 4) before SCell is activated (in phase#1).

2.4.2	During SCell activation procedure
Use case of on-demand SSB in phase2
In legacy configuration/behavior during SCell activation procedure (in phase#2), a UE detects several SSB(s) on the SCell. The SCell activation delay is defined based on the SCell SSB periodicity and whether the SCell is already known or not to the UE. The legacy SSB on SCell is periodically transmitted, thus, as the periodicity is longer, the SCell activation delay is longer or as the periodicity is shorter, network energy consumption is higher. 
To address the above problem, it is suitable to introduce more confined “aperiodic based” SSB in time domain for fast SCell activation with minimizing network energy consumption.

Observation 4:
· On-demand SSB is beneficial during SCell activation procedure to avoid both long activation delay and high NW energy consumption.

New behavior
As discussed above, transmission of on-demand SSB in phase#2 is beneficial for fast and energy efficient SCell activation. 
Regarding an indication of on-demand SSB in phase#2, the SCell activation command including potential enhancement should be a starting point. When NW decides to activate a SCell for a UE, anyway NW has to transmit SCell activation command to inform the activation with a SCell index. In this sense, it is efficient to indicate the presence (and/or resources) of on-demand SSB by the same signaling as the SCell activation.

Proposal 7:
· Support indication and transmission of on-demand SSB during SCell activation procedure.
· Enhancement of SCell activation command is a starting point for the indication of on-demand SSB.
· Note: a UE configured with SCell is indicated to activate a SCell and a corresponding on-demand SSB for SCell activation by the above signaling.

SSB properties
On a UE assumption, we support No SSB TX (Case#1) in this phase as well as in phase#1. There seems no reason to provide always-on SSB for SCell activation. The duration of SCell activation is expected to be relatively shorter compared to the other phases#1/3, so it is not efficient to set always-on SSB for the purpose at a short moment.
Regarding on-demand SSB properties, we support “Aperiodic based” SSB TX and do not support “Periodic based” and “Semi-persistent based” basically because on-demand SSB is needed only during short SCell activation procedure.

Here, we also consider common/joint operation of indication/transmission of on-demand SSB across phase#2/3. If “Periodic based” or “Semi-persistent based” on-demand SSB is agreed to be needed and configured in phase#3, a UE can receive an indication once and can continue receiving on-demand SSB whose property (e.g., periodicity) is optimized for each phase during phase#2 and #3. In our understanding, the Option 4 in the agreement was intended for this purpose.

Proposal 8:
· Support No SSB TX (Case#1) during SCell activation (in phase#2).

Proposal 9:
· Support “Aperiodic based” TX (Option2 or 3) during SCell activation.
· Not support “Periodic based” TX and “Semi-persistent based” TX (Option1 and 1-A) during SCell activation.
· FFS: Consider Option4 if “Periodic based” TX or “Semi-persistent based” is needed and configured during SCell operation after activation success (in phase#3).

2.4.3	During SCell operation after activation success
Use case of on-demand SSB in phase3
After activation success, a UE shall perform normal SCell operation such as monitoring PDCCH for data TX/RX, CSI reporting or SRS transmission on SCell. In order to ensure such normal operation, during SCell operation after activation success, a UE would expect SSB on SCell to be transmitted periodically according to the RRC configurations, e.g., to maintain synchronization, AGC, QCL property, etc. In addition, UE can be configured to perform L3 measurement on SCell during activated SCell operation.

Observation 5:
· On-demand SSB during activated SCell operation (in phase#3) is used for normal SCell operation defined in TS38.321, e.g., monitor PDCCH on SCell.

New behavior/SSB properties
The legacy UE behaviour in phase#3 seems to be defined with the assumption that a UE can perform normal SCell operation relying on periodic SSB in our understanding (except for SSB-less SCell operation). The trade-off of how to address the difficulty in the UE implementation to do normal SCell operation with less SSB, and to obtain enough NES gain should be a discussion point. Several combinations of properties of always-on SSB and on-demand SSB should be considered as discussed below.

(Opt.I) One possibility is to have no SSB TX including always-on and on-demand SSB in phase#3. This achieves the most NES gain, but this may be the most challenging possibility for UE implementation to perform proper SCell operation and meet RAN4 requirements. We think that it can be discussed whether some restrictions are needed or not and whether less/easier restrictions than that of SSB-less SCell operation can be supported in Rel-19 on-demand SSB mechanism because a UE once received a (on-demand) SSB during SCell activation on the SCell, which is different from Rel-18 SSB-less SCell operation.

(Opt.I-A) Another possibility is to have only “aperiodic based” on-demand SSB in phase#3, i.e., the combination of case#1 and option#2 or 3. In this scheme, UEs assume/receive one-shot on-demand SSB only just before some behaviour on SCell. We can further consider the details of behaviour on SCell (e.g., PDCCH reception on SCell) and necessary on-demand SSB properties for each behaviour. 

(Opt.II) Another possibility is that a UE receives coarser periodic SSB TX (with periodicity longer than the legacy value of 160ms). From NES perspective, (even if the above two options are not supported) at least this option should be introduced otherwise NES gain would not be much different from the legacy operation with 160ms periodicity of SSB transmission.

(Opt.II-A) It is also considered that a UE receives coarser SSB TX and if needed “aperiodic based” on-demand SSB. RAN1 should discuss whether “aperiodic based” on-demand SSB is beneficial for fast/efficient mechanism in some use case in phase#3. e.g., for fast L3 measurements using more confined on-demand SSB in time domain in phase#3.

(Opt.III) If UE needs equal to or less than 160ms periodicity of SSB transmission in phase#3, there is no NES gain in phase#3 compared with the legacy operation with 160ms periodicity of SSB transmission. So, we believe it is the worst assumption for phase#3 in terms of NES gain, and we should consider above other possible assumptions for phase#3. As discussed above, NW can control not to enter a (legacy) UE which needs the legacy always-on SSB in the on-demand SSB SCell.

Proposal 10:
· For support of on-demand SSB during activated SCell operation (in phase#3), study the following options.
· Opt.I: No SSB TX during normal SCell operation in phase3.
· Opt.I-A: Only “aperiodic based” on-demand SSB just before some procedure in normal SCell operation.
· FFS: The details of normal SCell operation and corresponding necessary on-demand SSB property.
· Opt.II: Coarser SSB TX (with periodicity longer than the legacy value of 160ms).
· Opt.II-A: Coarser SSB TX + “aperiodic” on-demand SSB just before some procedure in normal SCell operation.
· FFS: The details of normal SCell operation and corresponding necessary on-demand SSB property.
· Note: If UE needs equal to or less than 160ms periodicity of SSB transmission in phase#3, there is no NES gain in phase#3.
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Fig.1 Options of combination of always-on and on-demand SSB in phase#3

3. Conclusion
In this contribution, we provided the following observations and proposals of on-demand SSB SCell operation for network energy saving.

Proposal 1:
· Discuss how to define a cell supporting on-demand SSB used only as SCell with following approaches.
· A Cell supporting on-demand SSB is cell-barred.
· On-demand SSB is not cell-defining SSB, i.e., it is not transmitted on sync raster and not associated with RMSI.
· Support “A cell supporting on-demand SSB is cell-barred”.
Observation 1:
· Necessary on-demand SSB properties (e.g., periodicity, the number of SSBs) may be different in CA configuration (e.g., contiguous/non-contiguous inter-band CA or intra/inter-FR CA) and deployment conditions (e.g., restrictions on QCL, power and time difference between SSB-less SCell and PCell).
Proposal 2:
· RAN1 discuss and consider necessary properties (e.g., periodicity, the number of SSBs) of on-demand SSB and potentially always-on SSB in each CA configuration and potentially with some restrictions.
· Consider if there is large NES gain (i.e., less SSB) with some feasible CA restrictions (i.e., easier than those for SSB-less SCell operation).
Observation 2:
· For UE triggering method, gNB may fall into transmitting SSB frequently on SCell to meet all UE’s request and requirements on SCell, which is not desirable for NES operation.
· The required SSB properties such as when/how frequent/how many SSB is required by the UE could be statically determined e.g., as UE capability or UE assistance information, and hence a mechanism for dynamic request of SSB transmission from UE would be unnecessary.
Proposal 3:
· Not support UE triggering mechanism for on-demand SSB transmission 
· If needed, some reporting from UE e.g., as UE capability or UE assistance information is enough.
Observation 3:
· On-demand SSB before SCell is activated can be used at least for L3 measurement.
· FFS: other use case and motivation than L3 measurement in phase 1.
Proposal 4:
· Support indication and transmission of on-demand SSB before SCell is activated (in phase#1).
· Consider group-common signalling of indication of on-demand SSB for better NES operation.
Proposal 5:
· Support “No SSB TX” (Case#1) before SCell is activated (in phase#1).
Proposal 6:
· Support “Semi-persistent based” TX (Option1-A) and/or “Aperiodic based” TX (Option2 or 3) before SCell is activated (in phase#1).
· Not support “Periodic based” TX (Option1 and 4) before SCell is activated (in phase#1).
Observation 4:
· On-demand SSB is beneficial during SCell activation procedure to avoid both long activation delay and high NW energy consumption.
Proposal 7:
· Support indication and transmission of on-demand SSB during SCell activation procedure.
· Enhancement of SCell activation command is a starting point for the indication of on-demand SSB.
· Note: a UE configured with SCell is indicated to activate a SCell and a corresponding on-demand SSB for SCell activation by the above signaling.
Proposal 8:
· Support No SSB TX (Case#1) during SCell activation (in phase#2).
Proposal 9:
· Support “Aperiodic based” TX (Option2 or 3) during SCell activation.
· Not support “Periodic based” TX and “Semi-persistent based” TX (Option1 and 1-A) during SCell activation.
· FFS: Consider Option4 if “Periodic based” TX or “Semi-persistent based” is needed and configured during SCell operation after activation success (in phase#3).
Observation 5:
· On-demand SSB during activated SCell operation (in phase#3) is used for normal SCell operation defined in TS38.321, e.g., monitor PDCCH on SCell.
Proposal 10:
· For support of on-demand SSB during activated SCell operation (in phase#3), study the following options.
· Opt.I: No SSB TX during normal SCell operation in phase3.
· Opt.I-A: Only “aperiodic based” on-demand SSB just before some procedure in normal SCell operation.
· FFS: The details of normal SCell operation and corresponding necessary on-demand SSB property.
· Opt.II: Coarser SSB TX (with periodicity longer than the legacy value of 160ms).
· Opt.II-A: Coarser SSB TX + “aperiodic” on-demand SSB just before some procedure in normal SCell operation.
· FFS: The details of normal SCell operation and corresponding necessary on-demand SSB property.
· Note: If UE needs equal to or less than 160ms periodicity of SSB transmission in phase#3, there is no NES gain in phase#3.
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