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1 Introduction
The Rel-18 work item on network energy savings for NR specified techniques primarily for RRC Connected UEs such as SSB-less SCell operation, cell DTX/DRX mechanism, mechanisms to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, CHO procedure enhancement(s) etc. 
Rel-19 work item aims to specify further network energy savings techniques such as on-demand SSB for SCell operation. WID of Rel-19 network energy saving specifies the following objective for on-demand SSB SCell operation:
· 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.
This contribution discusses the details on supporting on-demand SSB on SCell. 
2 Discussion
1 
2 
In the legacy NR operation, a UE can be configured with SSB based RRM measurement to discover SCell(s). UE reports the RRM measurement results to the gNB on the quality of the measured SSB. The gNB can further provide the SCell configuration by RRC to the UE. At the time of configuration, SCell can be initially activated or deactivated. If the SCell is deactivated, the gNB can activate it by SCell activation command by MAC CE. UE uses SCell’s SSB (or TRS if configured) for AGC and synchronization purpose to be ready for transmitting or receiving data on the activated SCell. After the SCell is activated, the UE can still use the SSB to get re-synchronized with the SCell, by its implementation. 
An example of the legacy NR operation of a SCell is shown in Figure 1, wherein the SSB is transmitted by the SCell and is periodic. In case of SSB-less SCell, operation is same except that SSB measurements of a reference serving cell (SpCell or another SCell) are used for the SSB-less SCell.


[bookmark: _Ref158103577]Figure 1 Illustration of legacy NR procedure for the SCell transmitting SSB


The periodic transmission of SSB for the SCell operation affects the network energy consumption. For network energy savings following can be considered:
· Scheme 1: SSB burst/window (5ms) is configured at longer periodicity. SSBs are periodically transmitted in SSB burst/window. Longer periodicity can reduce energy consumption but affects performance ((re)sync/AGC delay, etc). On demand SSB can be additionally provided during the interval between SSB burst/window as and when needed. 

· Scheme 2: SSB burst/window is configured at shorter periodicity. In each period, SSB transmission can be muted or provided on demand to reduce energy consumption.

Scenarios/use case for on demand SSB

On demand SSB for RRM measurement
· When the UE is configured to perform RRM measurement of SCell based on SSB, the SSB utilized for RRM measurement can be provided on-demand (Scheme 2). However, this may affect the legacy RRM measurement operation, measurement filtering etc. Note that RAN1 has discussed this scenario and there is no agreement to support it.

On demand SSB for AGC and synchronization
· Upon commanding the UE to activate SCell, the SSB utilized for AGC and synchronization purpose can be provided on-demand (Scheme 1/2). This is similar to usage of CSI-RS/TRS for fast SCell activation.

· Upon configuration of SCell and before the activation of SCell, there seems no need for on demand SSB for synchronisation and AGC as this interval is not deterministic.

On demand SSB for resynchronization purpose
· After the SCell is configured and activated, if the UE or gNB figured out the SCell may lose synchronization, the SSB for resynchronization purpose can be provided on-demand (Scheme 1/2). 
Proposal 1: RAN2 to discuss whether to apply on demand SSB for RRM measurement of SCell. Note that RAN1 has discussed this scenario and there is no agreement to support it.

Proposal 2: RAN2 to discuss whether to apply on demand SSB for fast SCell activation (i.e. for AGC/synchronisation upon receiving the command to activate SCell).
Proposal 3: RAN2 to discuss whether to apply on demand SSB for resynchronization purpose.
Proposal 4: RAN2 to discuss which of the following schemes is considered for on demand SSB
· Scheme 1: SSBs can be transmitted at longer periodicity. On demand SSB can be additionally provided during the interval between SSB when needed. 

· Scheme 2: SSBs can be transmitted at shorter periodicity. In each period, SSB transmission can be muted or provided on demand to reduce energy consumption.
3 Conclusion
Proposal 1: RAN2 to discuss whether to apply on demand SSB for RRM measurement of SCell.
Proposal 2: RAN2 to discuss whether to apply on demand SSB for fast SCell activation (i.e. for AGC/synchronisation upon receiving the command to activate SCell).
Proposal 3: RAN2 to discuss whether to apply on demand SSB for resynchronization purpose.
Proposal 4: RAN2 to discuss which of the following schemes is considered for on demand SSB
· Scheme 1: SSBs can be transmitted at longer periodicity. Longer periodicity can reduce energy consumption but affects performance ((re)sync/AGC delay, etc). On demand SSB can be additionally provided during the interval between SSB as and when needed. 

· Scheme 2: SSBs can be transmitted at shorter periodicity. In each period, SSB transmission can be muted or provided on demand to reduce energy consumption.
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5 RAN1 Agreements
1. 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 

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

3. 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

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

5. 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)
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