[bookmark: _Hlk162945967][bookmark: _Toc193024528]3GPP TSG-RAN WG3 Meeting #124	R3-243177
[bookmark: _Hlk162001595]Fukuoka, Japan, 20 – 24 May, 2024

Title: 	Discussion on on-demand SSB SCell operation
Source: 	Huawei 
Agenda item:	17.2
Document Type:	 Discussion
1. Introduction
[bookmark: _Hlk134110406]In the RAN#102 meeting, a new Work Item for network energy saving enhancement has been approved in [1] including the following objective on on-demand SSB SCell operation:
	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 this contribution, we provide our considerations on on-demand SSB SCell operation, based on RAN1 progress.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Scenarios and related RAN1 progress
Previous RAN1 meetings made many agreements on the on-demand SSB SCell operation as given as follows.  
	Agreement at RAN1-116bis meeting
For the identified scenarios and cases (as per RAN1#116 agreement), on-demand SSB can be triggered by gNB at least for the following scenarios/cases:
· Scenario #2 and Case #1
· Scenario #2 and Case #2
· Scenario #2A and Case #1
· Scenario #2A and Case #2
· FFS: Scenario #3A and Case #1
· FFS: Scenario #3A and Case #2
· FFS: Scenario #3B and Case #1
· FFS: Scenario #3B and Case #2
· For Case #1, once on-demand SSB is triggered, its transmission is in a periodic manner.
· Note: This does not imply periodic on-demand SSB is transmitted indefinitely after triggered.
· Notes:
· Scenario #2A refers to
· “When UE receives SCell activation command (e.g., as defined in TS 38.321)”
· One signal 
· Scenario #3A refers to
· “After UE receives SCell activation command (e.g., as defined in TS 38.321) until SCell activation is completed”
· Scenario #3B refers to
· “When SCell activation is completed and SCell is activated” or
· “After SCell activation is completed and SCell is activated”
· For discussion purpose under AI 9.5.1, always-on SSB is SSB supported in Rel-18 specifications.
· Timing for on-demand SSB transmission (e.g. when the triggered SSB starts and ends) will be separately discussed.

Agreement at RAN1-116bis meeting
For a cell supporting on-demand SSB SCell operation, further study the following options.
· Option 1: Separate signaling between legacy/existing signaling (e.g., RRC, MAC CE) providing SCell activation/deactivation and signaling providing On-demand SSB transmission indication.
· Option 2: A single signaling in which both SCell activation/deactivation and On-demand SSB transmission indication are provided.
· FFS: Details of the signaling
· Other options are not precluded.
FFS: Details on On-demand SSB transmission indication

Agreement at RAN1-116 meeting
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 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)





It can be observed that RAN1 agreed four use cases for on-demand SSB SCell operation (Scenario #2 and Scenario #2A combined with case #1 and case #2), i.e., the scenarios of before SCell activation and when SCell is activated.  
The below figure provides first two use cases.   
	· Scenario #2 and Case #1
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· Scenario #2 and Case #2
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Figure 1: potential scenarios cited from [R1-2403508]

· For Scenario #2 and Case #1, if no always-on SSB is transmitted before the SCell activation, it is beneficial to trigger on-demand SSB for L3 measurement reporting, based on the report the network can decide whether to activate the SCell or not to avoid blind activation.
· For Scenario #2 and Case #2, if SSB with long periodicity is transmitted before triggering on-demand SSB transmission with a short periodicity, the on-demand SSB transmission with a short periodicity can be used for fast L1/L3 measurements, AGC setting, DL synchronisation before SCell activation.
· For Scenario #2A and Case #1, when UE receives the SCell activation command and no always-on SSB is transmitted before the SCell activation, triggering on-demand SSB can be used for cell search, L1/L3 measurements, AGC setting, DL synchronisation. 
· For Scenario #2A and Case #2, when UE receives the SCell activation command and SSB with long periodicity is transmitted before triggering on-demand SSB transmission with a short periodicity, the on-demand SSB transmission with a short periodicity can be used for fast L1/L3 measurements, AGC setting, DL synchronisation during SCell activation.
It is also observed that RAN1 will continue to discuss more uses cases, e.g., scenario 3A and 3B. RAN3 can monitor the progress and continue to work on this. 
Observation 1: RAN1 has agreed up to four use cases for on-demand SSB SCell operation, before SCell activation and when SCell is activated. 

2.2 Potential RAN3 impacts 
As observed in [1], the on demand SSB SCell operation has three possible triggering methods as follows:
· UE uplink wake-up-signal using an existing signal/channel, 
· cell on/off indication via backhaul, 
· Scell activation/deactivation signaling
[bookmark: _Hlk162192134]First RAN3 can focus on the cell on/off indication via backhaul method. Generally, the backhaul possibly means the interface between CU and DU, between the NG-RAN nodes or between NG-RAN node and core network. 
If the backhaul means the Xn interface between two NG-RAN nodes, in current specification, the cell activation procedure has been supported so that an NG-RAN node can request a neighbouring NG-RAN node to switch on the whole cell or only some of the SSB beams within one or more cells. 
If the backhaul means the F1 interface between the CU and the DU. In current specification, the F1 setup procedure and the gNB-CU Configuration Update procedure have supported for the CU to request the DU to activate some cells and even some SSB beams. 
Observation 2: the cell on/off indication and the SSB activation procedure have been supported in both Xn and F1 interfaces. 
As previous RAN1 meetings, the network based triggering method would be supported, and two options are to be studied. 
	Agreement at RAN1#116 meeting
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE

Agreement at RAN1-116bis meeting
For a cell supporting on-demand SSB SCell operation, further study the following options.
· Option 1: Separate signaling between legacy/existing signaling (e.g., RRC, MAC CE) providing SCell activation/deactivation and signaling providing On-demand SSB transmission indication.
· Option 2: A single signaling in which both SCell activation/deactivation and On-demand SSB transmission indication are provided.
· FFS: Details of the signaling
· Other options are not precluded.
· FFS: Details on On-demand SSB transmission indication




It can be observed that RAN1 is focusing on the UE level triggering methods for the on-demand SSB SCell operation. From RAN3 perspective, this should be considered as cell level to trigger the on-demand SSB broadcast. 
For case #1 (No always-on SSB on the cell), it is our understanding that the existing the cell activation message can be reused to trigger the SCell on-demand SSB over Xn. The existing F1 setup procedure and the gNB-CU Configuration Update procedure can be reused to trigger the SCell on-demand SSB over F1. Then based on that, RAN3 can continue to discuss anything new info is needed. 

For case #1 (No always-on SSB on the cell), RAN3 to agree that:
· The existing the cell activation message can be reused to trigger the SCell on-demand SSB over Xn. 
· The existing F1 setup procedure and the gNB-CU Configuration Update procedure can be reused to trigger the SCell on-demand SSB over F1. 
· FFS on anything new info is needed (see proposal 3 below)

For case #2 (Always-on SSB is periodically transmitted on the cell), this cell is possibly already under normal operation state. For example, this Cell is already activated for one UE, while is deactivated for another UE. It is clearly that there is no need to have backhaul signalling to activate this cell again. Then based on that, RAN3 can continue to discuss anything new info is needed. 
For case #2 (Always-on SSB is periodically transmitted on the cell), RAN3 to agree that 
· no need to reuse the existing messages to activate the cell again, since this cell is already under normal operation state.  
· FFS on anything new info is needed (see proposal 3 below)

As potential enchantments, for both case 1 and case 2, RAN3 can consider whether to indicate additional SSB parameters (e.g., broadcast periodicity) by the backhaul signalling. 
For example, the scenario 2 and case #1, there is no always-on SSB transmitted before the SCell activation. Hence, when the sending NG-RAN node sends the SSB activation request, it can request the additional SSB parameters (e.g., broadcast periodicity).  Note that this can be considered together with the objective 3 - SSB in time domain adaptation procedure. 
	3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
a. Adaptation of SSB in time domain, e.g. adapting periodicity 



[bookmark: _Hlk141953419]RAN3 to consider to indicate the requested SSB parameters (e.g., broadcast periodicity) during the cell or SSB activation procedure for both case 1 and case 2. And this can be combined with the SSB in time domain adaptation procedure. 

In addition, RAN1 is discussing the SSB bursts transmission behaviour with the following options, including the SSB transmission time instance, periodicity. This may have impact on the neighbour cell RRM measurements, and even the energy saving decision of neighbour nodes. Since the RAN1 has not made any conclusion, RAN3 can be pending to have further impact analysis.    

	Agreement
The following agreement from RAN1#116 is modified (in red)
· For SSB burst(s) triggeredindicated 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)



RAN3 to check anything needed related to the SSB burst (e.g., time instance, periodicity etc) for RRM measurement or energy saving purpose. 

[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
[bookmark: _Toc423020280]Based on the discussion in this paper, we make the following proposals. 
1. For case #1 (No always-on SSB on the cell), RAN3 to agree that:
· The existing the cell activation message can be reused to trigger the SCell on-demand SSB over Xn. 
· The existing F1 setup procedure and the gNB-CU Configuration Update procedure can be reused to trigger the SCell on-demand SSB over F1. 
· FFS on anything new info is needed (see proposal 3 below)
For case #2 (Always-on SSB is periodically transmitted on the cell), RAN3 to agree that 
· no need to reuse the existing messages to activate the cell again, since this cell is already under normal operation state.  
· FFS on anything new info is needed (see proposal 3 below)
RAN3 to consider to indicate the requested SSB parameters (e.g., broadcast periodicity) during the cell or SSB activation procedure for both case 1 and case 2. And this can be combined with the SSB in time domain adaptation procedure. 
RAN3 to check anything needed related to the SSB burst (e.g., time instance, periodicity etc) for RRM measurement or energy saving purpose. 
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