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Introduction
The WI on Enhancements of network energy savings for NR was approved in RAN#102 meeting. In the new WI, there are three objectives related to RAN1 as follows [1]:
	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. Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105

3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown




Among the objectives, we introduce our views on the support of on-demand SSB SCell operation in this contribution.
On-demand SSB SCell operation
According to the WID, it is necessary to specify procedures and signaling method(s) to support on-demand SSB SCell opearion for UEs in connected mode configured with CA. For supporting on-demand SSB SCell operation, triggering method(s) is necessary to initiate on-demand SSB transmission. In addition to the triggering method(s), additional information could be reported from a UE in order to improve the efficiency of on-demand SSB transmission. If the on-demand SSB transmission starts once and continues thereafter, the network energy saving gain may not be significant. For further network energy saving gain, procedure(s) and method(s) to stop and/or reconfigure SSB transmission would be necessary. In the following subsections, we introduce further views on each issue.
Triggering method(s) for on-demand SSB transmission
There are several candidates for triggering methods as shown in the above. In CA environment, a UE is connected to PCell (or PSCell) and SCell, and ideal backhaul between PCell and SCell is assumed. In this case, the UE can request on-demand SSB transmission for SCell to PCell and the request can be delivered to SCell via the ideal backhaul between PCell and SCell. In case of uplink wake-up signal using an existing signal/channel e.g., PRACH, at least downlink time synchronization would be necessary in order to transmit the uplink wake-up signal to SCell. Without downlink time synchronization, it will be difficult for SCell to determine the proper monitoring window for the detection of the wake-up signal. Therefore, the power consumption of SCell would be increased for monitoring the wake-up signal. In case of SCell activation/deactivation signaling, it is designed to inform a UE of SCell activation/deactivation. Therefore, it is not a proper signaling method for SCell to trigger its on-demand SSB transmission. Based on the above discussions, triggering on-demand SSB transmission via backhaul seems more straightforward and expects less specification impact compared to other methods. Thus, it is proposed to discuss further on cell on/off indication via backhaul as a triggering method.
Proposal 1: It is proposed to discuss further on cell on/off indication via backhaul as a triggering method. 
Additional information for on-demand SSB transmission
When a UE requests on-demand SSB transmission, the reporting of additional information can be considered for efficient on-demand SSB transmission. For example, when the UE requests on-demand SSB transmission, additional information such as the number of SSB burst sets, SSB transmission period, and so on can be also reported with the request. The number of SSB burst sets can be determined based on the number of UE’s received beams to perform beam sweeping for SSB reception at the UE side. Regarding the SSB transmission period, it will be helpful to reduce access latency if the on-demand SSB is transmitted with the period shorter than the default value (e.g., 20ms). Based on the UE’s capability to process SSB detection, the UE can determine the proper SSB transmission period. If it is not reported, SCell can transmit the on-demand SSB with the default period.
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Figure 1 shows an example of on-demand SSB transmission with flexible time period. If there are several candidate locations for on-demand SSB transmission as shown in Figure 1 (a), SCell can determine the proper period for on-demand SSB transmission based on the UE’s reporting. In case of Figure 1 (b) the same period as the default value (20ms) was selected by SCell. In case of Figure 1 (c) it was selected the shorter period than the default value to reduce access latency.
Proposal 2: It is proposed to report additional information with the request for on-demand SSB transmission.
· Details of additional information can be discussed further.
Based on the reported information, a network (PCell or SCell) can decide the configuration for on-demand SSB transmission appropriately. Then, the configuration information can be delivered to the UE for SSB reception. The configuration information can include cell ID, numerology, time/frequency resources, number of SSB burst sets, etc. When at least time/frequency synchronization for SCell is completed, SCell can reconfigure SSB transmission considering the UE’s situation such as mobility.
Proposal 3: It is proposed to provide the configuration information for on-demand SSB transmission to the UE to help SSB reception.
· Details of configuration information and related procedure(s) can be discussed further.
Completion indication for on-demand SSB transmission
After starting transmission of on-demand SSB, it can be transmitted continuously as legacy behavior. However, it will cause the network energy consumption, and reduce the energy saving gain. Otherwise if the number of SSB burst sets is configured, SCell can stop its transmission after transmitting the number of SSB burst sets. However, in this case SCell does not know whether the UE has succeeded in time/frequency synchronization. It would be necessary additional procedures to confirm the successful time/frequency synchronization and re-transmit on-demand SSB if time/frequency synchronization is failed. For efficient on-demand SSB transmission and improvement of network energy saving gain, the on-demand SSB transmission would be stopped or reconfigured after connecting to SCell. For example, after time/frequency synchronization for SCell, the SSB transmission period for measurements could be adjusted based on UE’s mobility. For example, longer period than the period for on-demand SSB can be configured if the UE’s mobility is low. In order to support this operation, the completion indication can be considered. When a UE completes its time/frequency synchronization using the transmitted on-demand SSB, the UE can report the completion indication on synchronization to SCell and/or PCell. Regarding the methods for the completion indication, there are several candidates can be considered as follows:
· Indication report via PUSCH/PUCCH to PCell
· Indication report via PRACH to SCell
· Indication report via PUSCH/PUCCH to SCell
· Others
Once the necessity of the completion indication is validated, further details on the candidate methods can be discussed.
Proposal 4: It is proposed to introduce the completion indication of on-demand SSB transmission. And the following candidate methods can be discussed further:
· Indication report via PUSCH/PUCCH to PCell
· Indication report via PRACH to SCell
· Indication report via PUSCH/PUCCH to SCell
· Other method(s) is not precluded.
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[bookmark: _Ref159005131]Figure 2. Example of overall procedure for on-demand SSB transmission
Figure 2 shows an example of overall procedure for on-demand SSB transmission. When a UE trigger on-demand SSB transmission, the UE can also report additional information for proper configuration of on-demand SSB transmission. Based on the information PCell can configure on-demand SSB transmission properly, and then provides the configuration information to the UE and SCell. According to the configuration, SCell starts to transmit on-demand SSB. After completion of time/frequency synchronization to SCell, the UE can report the completion indication to PCell, then PCell delivers the indication to SCell to stop and reconfigure its SSB transmission. In the above example, instead of PCell, SCell can configure on-demand SSB transmission based on the additional information delivered from PCell. And the UE can report the completion indication to SCell directly instead of PCell.
Summary
In this contribution, we made the following proposals on on-demand SSB SCell operation.
Proposal 1: It is proposed to discuss further on cell on/off indication via backhaul as a triggering method. 
Proposal 2: It is proposed to report additional information with the request for on-demand SSB transmission.
· Details of additional information can be discussed further.
Proposal 3: It is proposed to provide the configuration information for on-demand SSB transmission to the UE to help SSB reception.
· Details of configuration information and related procedure(s) can be discussed further.
Proposal 4: It is proposed to introduce the completion indication of on-demand SSB transmission. And the following candidate methods can be discussed further:
· Indication report via PUSCH/PUCCH to PCell
· Indication report via PRACH to SCell
· Indication report via PUSCH/PUCCH to SCell
· Other method(s) is not precluded.
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