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[bookmark: _Toc415085486][bookmark: _Toc503902285]Introduction
3GPP Work Item Description [1] provides a potential target in R19. The objective of this work item is to specify further network energy saving. This paper is to discuss the on-demand SSB SCell operation. 
In the RAN1 #116 meeting, there were some agreements 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:
· [bookmark: OLE_LINK10][bookmark: OLE_LINK3]Case #1: No always-on SSB on the cell
· [bookmark: OLE_LINK11]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 
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)
o	This does not preclude SCell for which activation is completed
o	FFS: The case where SCell activation is completed
FFS: Application timing between NW triggering message and on demand SSB transmission
Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE.

In this paper, we discuss the unresolved problems above.

[bookmark: OLE_LINK2][bookmark: OLE_LINK14]Discussion on On-demand SSB SCell operation
The considerations about the cases/scenarios
Now legacy SSB transmits in a period manner. Even though the periodicity can be configured to one value chosen from multiple values {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}, we generally can’t configure a larger value (such as 160ms) to guarantee synchronization performance. PCell is considered that SSB must be transmitted in a legacy manner. So how to reduce SSB SCell transmission on network energy aspects is a problem. Two cases are studied in 3GPP: 
· Case 1: there is no SSB transmission in SCell. And if SCell needs SSB transmission, then gNB transmits SSB. 
· Case 2: SSB transmits in a long periodicity manner. And if SCell needs finer transmission, then gNB transmits more finer SSB pattern. 
I think the above two cases should be supported. For example, 
· For case 1, when UE can obtain SCell’s synchronization information from PCell, then there is no need to transmit SSB on SCell. But for another UE, SCell can not obtain synchronization information from PCell, then needs to transmit SSB on SCell. 
· For case 2, if UE is low speed or static, SSB can be configured to a long periodicity. Then if UE moves at high speed, SSB can be configured to a short periodicity. 
Propose 1: case 1 and case 2 both should be supported in 3GPP. 

In addition, scenario #2 and scenario #3 also should be supported.
For the case 1, for example: 
· [bookmark: OLE_LINK5]If UE’s SCell is configured and SCell’s channel quality can be considered the same as PCell, I think at the time, SCell needn’t transmit SSB. Then another UE is also configured to this SCell but SCell’s channel quality can not be considered the same as PCell, I think at this time, SCell needs to transmit SSB to monitor the channel quality of SCell.
· After an UE receives SCell activation command, UE needs SSB to guarantee SCell fast synchronization, and then if this UE has no mobility or no other UE in this network, SSB can be disabled to guarantee network energy saving.
For the case 2, for example: 
· If a UE’s SCell is configured and UE is low speed or static, a long period of SSB pattern can be configured. Then if UE’s mobility speed becomes fast, a short period of SSB pattern can be configured. 
· After a UE receives SCell activation command, a short period of SSB pattern can be configured to guarantee SCell fast synchronization, and then if UE has no mobility or low speed, SSB can be configured to a long period to guarantee network energy saving. 


Figure 1

Propose 2: Scenario #2 and Scenario #3 both should be supported for case 1 and case 2. 
Triggering method and associated signal
In my opinion, triggered by UE also should be supported. The comparison of gNB-triggered and UE-triggered is as follows: 
For gNB-triggered, some companies think gNB has information on UE’s DL/UL traffic and controls the on-demand SSB based on the traffic. In my opinion, if only this case can trigger on-demand SSB, gNB-triggered is enough. But I think other cases also can trigger on-demand SSB. 
I think it can be UE-triggered in some cases, such as: 
· The change of UE speed; 
· After gNB transmits on-demand SSB, but UE doesn’t receive it. 
And for the method of UE-triggered, UE can obtain some power to decide whether to enable/disable on-demand SSB, gNB can refer to its report which can further timely guarantee the synchronization performance. 
Propose 3: The UE-triggered method also should be supported. 

UL wake-up signal is used for requesting on-demand SSB. 
The resource design can be as follows, as shown in Figure 2. The configuration of PUCCH/PUSCH resources for the UL wake-up signal by gNB should include: 
· Slot offset 
· Start symbol 
· the duration of symbols
· Integer multiple of SSB period (N)
· start PRB and the number of PRB
slot offset: slot offset distance from SSB index 0; 
start symbol: the start symbol in the slot of UL wake-up signal; 
the duration of symbols: the duration of symbols of UL wake-up signal; 
integer multiple of SSB period (N): the candidate positions for UL wake-up signal is an integer multiple of SSB period. Two examples are given when N=1 and N=2, as shown in Figure 2. 
Start PRB and the number of PRB: the frequency position of UL wake-up signal. 


Figure 2
Because UE is connected mode, the UL wake-up signal used for requesting SSB SCell can be sent by PUCCH/ PUSCH from UE to PCell. 
The UL wake-up signal should include a cell ID/SCell index of requesting SSB SCell and enable/disable on-demand SSB configuration, and if it enables on-demand SSB configuration, UE can report the preferred on-demand SSB configuration.
Propose 4: UL wake-up signal should be transmitted at PUCCH/PUSCH. 

If a cell is an on-demand SSB SCell, I think it is necessary to inform all UEs in this cell of the on-demand SSB configuration. The reasons include: 1) if the on-demand SSB is periodically transmitted, all UEs can utilize finer SSB patterns to get better measurement results and time/frequency synchronization and it reduces the signal overhead and synchronization latency. 2) The PDCCH monitoring occasions of SIB1 are related to SSB index. If UE knows the SSB locations, then UEs can monitor SIB1 at the corresponding locations which can reduce the access latency. 3) There is a mapping rule between SSB and RO. If UE doesn’t know the actual SSB index, such as on-demand SSB is a less-SSB, it may impact the mapping rule. So, we provide a procedure informing all UEs in this cell of the on-demand SSB configuration. 
· For Case #1: No always-on SSB on the cell
     The on-demand SSB should be configured by RRC reconfiguration message if no SSB is transmitting on the SCell because the information related to SSB configuration is too much. 
· For Case #2: Always-on SSB is periodically transmitted on the cell
      In addition to RRC reconfiguration message, to fast activate the on-demand SSB configuration and avoid RRC reconfiguration failure, GC-PDCCH/SIB1/OSI to inform all UEs is more suitable. The contents of the on-demand SSB configuration include: 
[bookmark: OLE_LINK12]Cell ID: 
· [bookmark: _Hlk161325609]Enable on-demand SSB SCell 
•	Periodicity and offset in period
•	duration
· Start time: time since the last SSB
· End time: N times/the length of on-demand SSB window
· Disable on-demand SSB SCell
 Cell ID: 
· Enable on-demand SSB SCell 
•	Periodicity and offset in period
•	duration
· Start time: time since the last SSB
· End time: N times/the length of on-demand SSB window
· Disable on-demand SSB SCell
    …
    …

[bookmark: OLE_LINK4]Propose 5: It is necessary to inform all UEs in this cell of the on-demand SSB configuration by GC-PDCCH/SIB1/OSI/RRC reconfiguration message. 


3	Conclusions
Propose 1: case 1 and case 2 both should be supported in 3GPP. 
Propose 2: Scenario #2 and Scenario #3 both should be supported for case 1 and case 2. 
Propose 3: The UE-triggered method also should be supported. 
Propose 4: UL wake-up signal should be transmitted at PUCCH/PUSCH. 
Propose 5: It is necessary to inform all UEs in this cell of the on-demand SSB configuration by GC-PDCCH/SIB1/OSI/RRC reconfiguration message. 
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