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1. Introduction
The new Rel-19 WI of network energy saving NR was approved in RAN#102 [1], and the following objectives are included.
	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.



On-demand SSB for CA has been studied and discussed in the Rel-18 NES SI [2], and proved to have a large performance gain according to simulations of companies. In this contribution, we focus on on-demand SSB operation for UEs in connected mode with CA, providing some observations and considerations on such mechanism.
2. Considerations on mechanism of on-demand SSB for UEs with CA
2.1 Considerations on the condition of on-demand SSB for UEs with CA
In 3GPP Rel-18 NES WI, the SCell SSB-less for UEs with inter-band CA has been introduced to reduce the energy consumption of network, in which the UE will refer to the SSBs on the Pcell and PTRS for acquiring the necessary information on the MIB of SCell.
However, in some scenarios, the SSB (including the MIB) on Pcell can’t be reused for Scell, regardless of inter-/intra-band CA, then on-demand SSB on SCell can be more useful and practical. In such condition, the SSB on the Scell can be transmitted in a relative longer periodicity or skipped unless be requested. The on-demand SSB technique can be applicable for more scenarios with less restrictions, thus it is more beneficial for network energy saving. What’s more, with on-demand SSB, further network energy saving can be achieved by combining it with other techniques such as longer periodicity of SSB/deep sleep-mode of cell. 
Observation 1: The longer periodicity of SSB or deeper cell sleep-mode can be considered for achieving the larger network energy saving gain combined with the on-demand SSB on SCell for UEs with CA. 
Besides, whether Scell is activated before receiving the request of on-demand SSB is of vital importance, which will have a great impact on specs. 
2.1.1 SCell is activated before receiving the request of on-demand SSB
If the SCell is activated when UE request the on-demand transmission of SSB, the trigger mechanism can be achieved with multiple methods. Since the UE is connected to the SCell and the SCell is activated, which means the SCell/UE can monitor/transmit any signals/channels without additional steps. Therefore, both MAC CE and UCI can be considered to trigger the on-demand SSB.
Observation 2: If the SCell is activated, all the UL signals can be considered to trigger the transmission of on-demand SSB. 
However, if such condition is supported, at least the default SSB periodicity should be longer than 20ms (which is most likely to be used in current network), otherwise there is little or no energy saving gain since there may be more transmitted SSB.
Proposal 1: For the on-demand SSB of activated SCell, longer SSB periodicity (at least the default periodicity for such condition) needs to be supported to ensure the NES performance. 
Whether a new sleep-mode of SCell is defined or a longer periodicity of SSB is introduced can be further discussed in AI 9.5.3, which can be regarded as a kind of dynamic adaptation of SSB.
2.1.2 SCell is non-activated before receiving the request of on-demand SSB
If the SCell is configured but non-activated, the condition will be more complicated. In such case, even though the UE is RRC_CONNECTED, but since the SCell is non-activated, the UE cannot send any signals for requesting the SSB via any channels to SCell directly. 
Observation 3: If the SCell is non-activated, the request of on-demand SSB can’t be transmitted to SCell from UE directly.
For such case, from gNB side, the first step of on-demand SSB is to activate the SCell. When the on-demand request is received by gNB, regardless of how the request is sent to gNB, the request can also be reused to trigger the activation of SCell. Then the SCell can transmit SSB as soon as the it is activated. Besides, it should be guaranteed that the SCell activation for the UE is finished before the reception of SSB, as shown in Fig 1. 
Observation 4: If the SCell is non-activated, the activation of SCell when requesting the on-demand SSB is needed.


Fig 1 Scheduling SCell activation and on-demand SSB request
Therefore, enhancement on activating the SCell for the UE when UE requests the on-demand SSB needs to be considered.
Proposal 2: For the on-demand SSB of non-activated SCell, the request of on-demand can be reused to trigger the activation of SCell.

2.2 Considerations on configuration of on-demand SSB for UEs with CA
UE is expected to monitor the SSB in specific time and frequency occasions. For the on-demand SSB, UE can also reuse the legacy procedure for monitoring and detecting the SSBs. However, to enhance the efficiency of detection, the SSB configuration can be limited to specific parameters. 
The SSB is always transmitted periodically in the current specs, but for the on-demand SSB, it is only need to transmit several times till UE detects the SSB. The stop mechanism of on-demand should be introduced, and the following to options can be considered.
· Option 1: The on-demand SSB is specified to only transmit within a duration.


Fig 2 illustration of Option 1
· Option 2: The on-demand SSB is periodically transmitted, but can be stopped upon receiving a trigger signal .


Fig 3 illustration of Option 2
For Option 1, some default configuration pattern on-demand SSB can be considered (no need to introduce new SSB pattern). Option 1 can be regarded as kind of aperiodic SSB, but it is difficult for gNB to know how many times of on-demand SSB transmission is enough for UE to acquire the SSB and access to network. For Option 2, new signals from UE to stop the transmission needs to be introduced. 
Proposal 3: Support to enhance the configuration of on-demand SSB , the following can be considered:
· Limited the default transmission patterns and times of on-demand SSB.
· Introduce a trigger signal to stop the transmission of SSB.
In addition, if option 1 is adopted, since the on-demand SSB is expected to transmitted as soon as possible and only needs to be transmitted several times, related RRC configuration seems not needed.
3. [bookmark: _Hlk118386501]Considerations on triggering the on-demand SSB 
Even if the SCell is activated, how to trigger the on-demand SSB depends on how to determine the transmission of on-demand SSB.
If the decision is made by UE, as mentioned in clause 2.1, the trigger signal can be either transmitted to SCell from UE directly or indirectly, but the direct signaling method can only be used when SCell is activated. For the non-activated SCell, the trigger signal can be transmitted to PCell, then gNB can activate SCell and transmit the on-demand SSB. For both conditions, the only difference is to transmit the WUS on which cell, but triggering method can be the same. And for such case the WUS from UE can be regarded as the SCell activation signal if necessary, so that there is no need to inform UE the SCell activation via MAC CE as legacy [3].
Proposal 4: If the trigger of on-demand SSB is determined by UE, WUS from UE can be used as the trigger signal.
· The WUS can be either transmitted on the SCell or Pcell.
· The WUS can be reused as the SCell activation signal if the SCell is non-activated.


Fig 4 illustration of on-demand SSB triggered by WUS from UE
However, if the on-demand SSB is determined by gNB, the situation is different. If the SCell is activated, for the UEs which have already accessed into the network, they are likely to be configured with a periodical SSB, which means the on-demand SSB may not be detected by UE. In such case, the on-demand SSB configuration should be sent to UE in advance, which will bring the latency for triggering the on-demand SSB. For the UEs which are not access to the network, there is no spec impact since there is no difference for UE between on-demand SSB and the legacy UE. Thus, only if the current periodicity of SSB is rather long, on-demand SSB is beneficial and needed.
If the SCell is non-activated, the SCell should be activated first, which is currently realized via MAC CE. In such case, the activation signal can be regarded as the trigger signal for UE, but not needed for gNB, which means whether to trigger the on-demand SSB transmission is determined by network.  


Fig 5 illustration of on-demand SSB triggered by backhaul when SCell is non-activated
Proposal 5: If the trigger of on-demand SSB is determined by gNB, 
· If the SCell is activated, the benefit of such mechanism needs further study.
· The SCell activation signal can be reused as the trigger signal for on-demand SSB.
4. Conclusion
In this paper, we discuss on-demand SSB operation and have the following observations and proposals.
Observation 1: The longer periodicity of SSB or deeper cell sleep-mode can be considered for achieving the larger network energy saving gain combined with the on-demand SSB on SCell for UEs with CA. 
Observation 2: If the SCell is activated, all the UL signals can be considered to trigger the transmission of on-demand SSB. 
Observation 3: If the SCell is non-activated, the request of on-demand SSB can’t be transmitted to SCell from UE directly.
Observation 4: If the SCell is non-activated, the activation of SCell when requesting the on-demand SSB is needed.
Proposal 1: For the on-demand SSB of activated SCell, longer SSB periodicity (at least the default periodicity for such condition) needs to be supported to ensure the NES performance. 
Proposal 2: For the on-demand SSB of non-activated SCell, the request of on-demand can be reused to trigger the activation of SCell.
Proposal 3: Support to enhance the configuration of on-demand SSB , the following can be considered:
· Limited the default transmission patterns and times of on-demand SSB.
· Introduce a trigger signal to stop the transmission of SSB.
Proposal 4: If the trigger of on-demand SSB is determined by UE, WUS from UE can be used as the trigger signal.
· The WUS can be either transmitted on the SCell or Pcell.
· The WUS can be reused as the SCell activation signal if the SCell is non-activated.
Proposal 5: If the trigger of on-demand SSB is determined by gNB, 
· If the SCell is activated, the benefit of such mechanism needs further study.
· The SCell activation signal can be reused as the trigger signal for on-demand SSB.
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