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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]A Rel. 18 study item on “Study on network energy savings for NR” was approved in RAN#94-e [1]. During the study item, the network energy saving gains for potential techniques in various domains were studied and the conclusion of the study was captured in TR 38.864 [2]. A Rel. 19 work item to extend work on techniques for NES to common signals/channels was started in  RAN1#116 [3]. The agreements on on-demand SSB transmissions in the RAN1#116 [3] meeting is given below. 

	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 

R1-2401674	Summary #2 of on-demand SSB for NES	Moderator (LG Electronics)

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



This contribution discusses techniques to support on-demand SSB and required configurations for the Wake-up-signal (WUS) .

2 Techniques to support on-demand SSB
In NR, the gNB performs transmission of SSB periodically in all the enabled cells to help a new UE trying to connect to the network and for maintenance of the link. The periodic transmissions of SSB in some of the cells namely SCells are unnecessary and consume energy at the gNB, when no UE is connected to SCell or the gNB is serving the connected UEs in other cell namely PCell. Further, a cell can be deactivated, in a no load or very low load scenarios for e.g. if no UE is connected to the SCell. A connected UE may need the SSB transmissions in SCells for measurement purpose such as L1 measurements or to activate the deactivated SCell when access to the SCell is needed. Further, the frequent transmissions of SSBs by the gNB results in smaller deactivation duration for the SCell. Therefore, transmission of SSBs in SCells based on a trigger helps in power saving at the gNB. 

2.1. Triggering methods for on demand SSB
A triggering procedure needs to be specified for initiating on-demand SSB transmissions in SCells. The trigger can be received by the SCell either from a UE or from other active cells, depending on various scenarios. As agreed in RAN1#116[3], the aim is to design a common on-demand SSB operation considering all applicable CA configurations. In scenarios where Pcell and Scell are not co-located and the backhaul is non-ideal backhaul, then trigger from UE is essential for requesting transmission of SSB in Scell. This approach can also be supported for the scenario, where Pcell and Scell are co-located and have ideal backhaul between them. Whereas,  an indication signal sent by gNB via bachaul as a trigger will not be optimal in case of non co-located cells and non-ideal backhaul. Thus, an UL WUS by UE as a trigger ensures a common triggering operation possible for all the deployment scenario and network conditions.
Observation 1: Triggering method depends on the separation between Pcell and Scell and the assumption on backhaul link.
Proposal 1: Support UE UL WUS as a trigger for on demand SSB.
[bookmark: _GoBack]In case of UE UL WUS acting as trigger, a designated signal or channel acts as the WUS. An existing signal or channel can also be used as the WUS, especially when cells are synchronized. In scenarios where UE triggers the transmission of SSBs in the SCell through UL WUS, the PCell can configure a signal to the UE to utilize as the UL WUS. For instance, a sounding reference signal could be configured for the UE as the UL WUS. Alternatively, the UE can utilize a predefined sequence as the WUS, such as a predetermined PRACH preamble or a preamble from a predefined set of preambles.

Proposal 2: Following alternatives can be considered for the signals to be used as UL WUS by UE
Alt.1. an UL signal configured by PCell
Alt.2. a predefined sequence.

2.2 Configuration for trigger signal
A trigger can be received by the SCell within a defined set of physical resources in time, space, and frequency domains. Consequently, for transmitting the UL WUS by the connected UE to serve as the trigger, the UE must have knowledge of the resources required for the transmission. These resources can either be dynamically configured by the PCell to which the UE is connected, or a predetermined set of resources can be specified in the standards. Once the necessity to initiate the transmission of SSBs in the SCell is identified, a UE will utilize the specified set of resources to transmit the UL WUS.

Proposal 3: Following alternatives can be considered to provide resources of the trigger.
Alt.1. Configured by PCell
Alt.2. Predefined in specification.

2.3 transmission of always on SSB
Regarding the UE assumption on SSB transmission on an SCell before on-demand SSB is triggered for the SCell, 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
The UEs may need SSBs to perform periodic measurements in SCell. Hence it is beneficial to transmit always-on SSB periodically with lower density in time such as with longer periodicity on the Scell supporting on demand SSB, where the on demand SSBs with higher density having shorter periodicity can be transmitted based on need using the WUS trigger.

Proposal 4: Support transmission of Always-on SSB with longer periodicity on the cell supporting on demand SSB.


2.4 gNB and UE behavior for on-demand SSB

A UE requires a minimum number of SSBs to measure before initiating initial access procedure therefore a gNB upon successfull reception of the UL WUS need to transmit the SSBs more than once. Also, the periodic transmissions of on demand SSBs may not be energy efficient. Hence a gNB should transmit the on demand SSBs for a fixed duration of time. Further, the gNB behavior in case of no UE camps on the SCell within the fixed duration should be defined.

Proposal 5:  Support gNB transmitting the on demand SSB for a duration of time after receiving the UL WUS.

A UE after the transmission of UL WUS, will monitor for SSBs from the gNB. However, in scenarios where the gNB will not be able to receive any trigger for e.g., in case of UL WUS failure, the SSBs will not be transmitted. Hence, the UE behavior needs to be defined in case of no SSB reception after the transmissions of UL WUS.

Proposal 6: Support study on UE behavior in case of no response from gNB after UL WUS transmission.

2.4 Scenarios for on-demand SSB
The scenarios for on-demand SSB SCell operation were identified in RAN1#116[3] as given below.
	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



In scenario 2, the SSB plays a critical role in enabling UE to conduct L3 measurements and to transmit the results to the network for effective SCell management. Hence, supporting on-demand SSB becomes essential to facilitate this process efficiently. Further, in scenario #3, the SSB serves essential functions such as cell search, and L1 measurement during the SCell activation procedure. Utilizing on-demand SSB transmission can significantly decrease the delay in SCell activation and minimize network energy consumption. Therefore, incorporating on-demand SSB for scenario #3 is strongly recommended. Hence, the on demand SSB operations should be supported for both the scenarios without downselection.

Observation 2: SSBs are needed  for measurements at the UE both before and after the UE receives SCell activation command.

Proposal 7: Support on demand SSB operation for both scenario 2 and scenario 3.

3 Conclusion
In this contribution, we discussed the techniques required for on-demand SSB SCell operation and following proposals are made, 
Observation 1: Triggering method depends on the separation between Pcell and Scell and the assumption on backhaul link.
Proposal 1: Support UE UL WUS as a trigger for on demand SSB.
Proposal 2: Following alternatives can be considered for the signals to be used as UL WUS by UE
Alt.1. an UL signal configured by PCell
Alt.2. a predefined sequence.
Proposal 3: Following alternatives can be considered to provide resources of the trigger.
Alt.1. Configured by PCell
Alt.2. Predefined in specification.
Proposal 4: Support transmission of Always-on SSB with longer periodicity on the cell supporting on demand SSB.
Proposal 5:  Support gNB transmitting the on demand SSB for a duration of time after receiving the UL WUS.
Proposal 6: Support study on UE behavior in case of no response from gNB after UL WUS transmission.
Observation 2: SSBs are needed  for measurements at the UE both before and after the UE receives SCell activation command.
Proposal 7: Support on demand SSB operation for both scenario 2 and scenario 3.
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