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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.



In last meeting, some general ideas and principles were discussed on the on-demand SSB SCell operation, details can be found in [2]. 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 the on-demand SSB SCell mechanism
2.1 The impact of always-on SSB on applicable scenarios
In the RAN1 #116 meeting, the following agreement was reached[2]. Both the scenarios with or without always-on SSB are supposed to be further studied.
	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 


For Case #1, it is a typical and basic case for the on-demand SSB SCell operation. Such scenario can happen in three conditions:
1) The Cell is non-activated. If Scell is not activated, there is absolutely no always-on SSB transmitted. On such condition, it is the timing of on-SSB triggering and SCell activation that to be focused, which will be further discussed in section 4. 
2) The SSB-less operation is adopted for SCell. For the inter/intra-band SSB-less scenario, there is no SSB configuration provided to UE (absoluteFrequencySSB and SMTC). Based on the agreement reached in last meeting (which will be discussed in section 3), the mechanism and framework of on-demand should be also applied in this scenario. What needs to be specified is the how UE to treat the high layer parameters configured for SSB-less operation. 
3) The transmission of SSB is stopped as a consequence of introducing the on-demand SSB operation. Since the on-demand SSB is introduced, it is natural to regard that the SSB will only be transmitted in period of time, and there will be no SSB transmitted out of the time. There is no need to put extra attention on such scenario since the behavior of UE and network has already be defined in the introduction of on-demand SSB.
For all of the above conditions, the scenario without always-on SSB can be supported naturally as long as the overall on-demand SSB mechanism is defined. So the Case #1 is actually the basis case for on-demand SSB SCell and should be supported all the time. 
Observation 1: Case #1, i.e., no always-on SSB on the SCell, is the basic case that the on-demand SSB SCell can be applied, which means there is no extra effort needed for such case as long as the on-demand SSB Scell is supported.
For Case #2, to achieve the network energy saving gain, only the long-periodicity always-on SSB scenario needs to be considered. For example, with 20ms periodicity of on-demand SSB activated, the periodicity of always-on SSB can be configured as 160ms, which will balance the performance and energy consumption at the same time. However, from the aspect of gNB and UE’s behavior, the length of periodicity won’t impact the mechanism of always-on SSB. And as long as the on-demand SSB SCell mechanism can be adopted for the case without always-on SSB, such case can be supported since there are more signals/channels allowed to be transmitted. However, in such case the on-demand SSB scenario can be regarded as a kind of SSB adaptation, which can be discussed in AI 9.5.3. 
Observation 2: Case #2, i.e., always-on SSB is periodically transmitted for on-demand SSB SCell, can also be beneficial when the periodicity of always-on SSB is longer than that of on-demand SSB. 
2.2 Consideration on the on-demand SSB SCell mechanism
As discussed above, the case without always-on SSB can be considered firstly for the design of on-demand SSB SCell mechanism. In the current specs, for UE configured with SCell, the configuration of SSB can be transmitted to UE with RRC parameters. To support the on-demand SSB SCell mechanism, the configuration can also be transmitted in advance, when on-demand SSB is triggered, such configuration can be applied. 
Proposal 1: The on-demand SSB for SCell can be pre-configured with RRC parameter before triggering the transmission. 
For case where there is no always-on SSB, since only on-demand SSB will be transmitted, there is no ambiguous on the association of configuration and the target SSB. But if always-on SSB exists, it can be confused the parameters are associated with the periodical SSB or the on-demand SSB. 
Observation 3: Reusing the RRC parameters of periodical SSB for on-demand SSB can be confused for UE to distinguish the configuration is for on-demand SSB or legacy periodical SSB.
If the always-on periodical SSB exists and the on-demand SSB is triggered, whether the periodical SSB will still be transmitted should also be discussed. From our prospective, if the on-demand SSB and periodical exist at the same time, as analyzed above, the periodicity of on-demand SSB should be shorter. Thus, on such condition, the transmission of periodical SSB is useless, which means the transmission of periodical SSB can be suspended until the on-demand SSB transmission is halted. 
Proposal 2: If exists, periodical SSB should be suspended when the on-demand SSB is triggered.


3. [bookmark: _Hlk118386501]The impact of SSB-less mechanism on on-demand SSB 
In RAN1 #116 meeting, the following agreements was reached on the scenario of on-demand SSB considering the influence of CA[2].
	Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.


The motivation of this agreement also included the impact of SSB-less operation, and it is agreed that the on-demand SSB operation should be applied regardless of the existence of SSB-less operation. 
In current specs TS 38.133[3], the SSB-less operation will be triggered if UE supports scellWithoutSSB and there is no SSB configuration (absoluteFrequencySSB) and SMTC configuration at the same time and the SCell is activated. And on such occasion, UE will acquire the information transmitted on SSB from SSB of Pcell or other activated SCell according to higher layer parameter SSB-less-ReferenceCell. However, as discussed above, these RRC parameters related to SSB configuration should be pre-configured to UE for on-demand SSB operation. 
Thus, if the SSB related RRC configuration of on-demand SSB reuses the field of period SSB, when applying the SSB-less operation and on-demand SSB at the same time, before the on-demand SSB is triggered, it can be confused for UE supporting SSB-less operation since the UE will still detect the SSB on target SCell, which are actually transmitted on the reference serving cell. 
Observation 4: It can be confused for UE to detect the SSB when supporting on-demand SSB and SSB-less at the same time but the on-demand SSB is not triggered if no new RRC parameters are introduced.  
Based on observation 2 and observation 4, we think a new set of RRC parameters for SSB-configuration can be introduced, which can be used to indicate the on-demand SSB independently. In such case, UE will easily distinguish which SSB the configuration is related to, and on which carrier the UE is supposed to detect the SSB. Then, just after the on-demand SSB is triggered, UE will try to detect the SSB on target SCell, and will also acquire the information from reference serving cell as long as the on -demand SSB is halted. 
Proposal 3: Specific RRC parameters for on-demand SSB can be introduced. 
4. The trigger mechanism of on-demand SSB
4.1 The DL trigger signal for on-demand SSB SCell operation
Considering the scheduling between on-demand SSB SCell operation and SCell activation, in RAN1#116 meeting, the following agreement was reached[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


Basically, since the SSB is transmitted by gNB, the DL signal should be considered to trigger the on-demand SSB SCell operation. As has discussed above, after the configuration has been transmitted to UE, the DCI or MAC CE can be considered to be used as the trigger signal.
Proposal 4: Network DL signal, e.g., DCI or MAC CE, should be considered as the trigger signal for on-demand SSB SCell operation. 
However, considering the SCell can be non-activated, the details can be different. For scenario #2, where the SCell is non-activated when triggering the on-demand SSB, i.e., UE doesn’t receive the MAC CE[4] for SCell activation, it is obviously that the SCell should be activated first. 
Basically, it should be up to gNB’s implementation to ensure the scheduling order. However, to further enhance the efficiency, the DL trigger signal for on-demand SSB can also be considered to be reused as the activation command for SCell. The design of DL trigger signal can take this point into consideration.    


Observation 5: When design the DL trigger signal for on-demand SSB SCell operation, reusing it as the SCell activation command can enhance the efficiency. 
As discussed above, the on-demand SSB configuration should be transmitted before the trigger, thus, only 1 bit for each target SCell is enough to indicate the trigger of on-demand SSB. Such field can be further considered to be added to the MAC CE command for SCell activation in current specs. 
Observation 6: With RRC configuration for on-demand SSB transmitted in advance, only 1 bit is needed to trigger the transmission of on-demand SSB for each target SCell. 
For scenario #3, where the UE has received the SCell activation command, can be further divided into 2 cases: 
1) Case A: the SCell activation has been completed, which means the gNB has received the CSI report form UE. In such case, UE need to start detecting the on-demand SSB as long as receiving the trigger signal.
2) Case B: the SCell activation hasn’t been completed, which means UE hasn’t transmit the CSI report based on the TRS/A-TRS from SCell. In such case, UE don’t need to detect the on-demand SSB until the report is transmitted since the SCell hasn’t been activated and won’t transmit the SSB. However, in such case, the early detection for SSB of UE won’t impact the network performance, but just waste the power of UE. 
Observation 7: For scenarios, where the UE has received the SCell activation command, UE just need to detect the on-demand SSB on target SCell once receiving the trigger signal.  
To align the both cases in one mechanism, introducing a detecting offset for saving the resources and power of UE. Such offset can either transmit to UE via RRC parameters for on-demand SSB configuration or the DL trigger signal. 
Proposal 5: Introducing an offset for detecting on-demand SSB once receiving the DL trigger signal can be considered to save the resource and energy of UE.  
4.2 The WUS from UE to trigger the on-demand SSB SCell operation
Besides the DL signaling, UL WUS can also be considered to trigger the on-demand SSB SCell operation. Such signal can help network to determine when the on-demand SSB on SCell is needed. However, since SSB should be a cell-specific signal while WUS is an UE-specific signal, the WUS can’t trigger the transmission of on-demand SSB directly. The final decision should be made by gNB. UE still need to wait for the response from gNB to start the detection of on-demand SSB on SCell. Such response can be achieved with the DL trigger signal. 
Observation 8: UL WUS from UE can be beneficial for network to determine when to trigger the transmission of on-demand SSB on SCell, but can’t be used to trigger the procedure directly.
Proposal 6: Introducing the UL WUS for triggering the on-demand SSB is be beneficial but not necessary.
5. The mechanism for stopping the on-demand SSB transmission on SCell
In current specs, SSB is always transmitted periodically in the current specs, but for the on-demand SSB, it is only need to be transmitted several times. 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.


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


Illustration of Option 2
For Option 1, some default configuration pattern on-demand SSB can be considered (no need to introduce new SSB pattern), or the transmission times of SSB can be configured to UE along with the SMTC. However, 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, similar to the trigger of on-demand SSB, a de-activation signal is needed. Such signals should at least a DL signal, but the new signals from UE to stop the transmission can also be introduced to help gNB make the decision stopping the transmission of on-demand SSB. 
Proposal 7: Support to enhance the configuration of on-demand SSB , the following methods can be considered:
· Limited the default transmission patterns or times of on-demand SSB.
· Introduce a trigger signal and mechanism to stop the transmission of SSB.
6.  Conclusion
In this paper, we discuss on-demand SSB operation and have the following observations and proposals.
Observation 1: Case #1, i.e., no always-on SSB on the SCell, is the basic case that the on-demand SSB SCell can be applied, which means there is no extra modification needed for such case as long as the on-demand SSB Scell is supported.
Observation 2: Case #2, i.e., always-on SSB is periodically transmitted for on-demand SSB SCell, can also be beneficial when the periodicity of always-on SSB is longer than that of on-demand SSB. 
Observation 3: Reusing the RRC parameters of periodical SSB for on-demand SSB can be confused for UE to distinguish the configuration is for on-demand SSB or legacy periodical SSB.
Observation 4: It can be confused for UE to detect the SSB when supporting on-demand SSB and SSB-less at the same time but the on-demand SSB is not triggered if no new RRC parameters are introduced. 
Observation 5: When design the DL trigger signal for on-demand SSB SCell operation, reusing it as the SCell activation command can enhance the efficiency. 
Observation 6: With RRC configuration for on-demand SSB transmitted in advance, only 1 bit is needed to trigger the transmission of on-demand SSB for each target SCell. 
Observation 7: For scenarios, where the UE has received the SCell activation command, UE just need to detect the on-demand SSB on target SCell once receiving the trigger signal.  
Observation 8: UL WUS from UE can be beneficial for network to determine when to trigger the transmission of on-demand SSB on SCell, but can’t be used to trigger the procedure directly.

Proposal 1: The on-demand SSB for SCell can be pre-configured with RRC parameter before triggering the transmission. 
Proposal 2: If exists, periodical SSB should be suspended when the on-demand SSB is triggered.
Proposal 3: Specific RRC parameters for on-demand SSB should be introduced. 
Proposal 4: Network DL signal, e.g., DCI or MAC CE, should be considered as the trigger signal for on-demand SSB SCell operation. 
Proposal 5: Introducing an offset for detecting on-demand SSB once receiving the DL trigger signal can be considered to save the resource and energy of UE.  
Proposal 6: Introducing the UL WUS for triggering the on-demand SSB is be beneficial but not necessary.
Proposal 7: Support to enhance the configuration of on-demand SSB , the following methods can be considered:
· Limited the default transmission patterns or times of on-demand SSB.
· Introduce a trigger signal and mechanism to stop the transmission of SSB.
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