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Introduction
The WID for “Enhancements of network energy savings for NR” was approved at RAN #102, and further updated at RAN # 103 with the follows [1].
	The objectives of the work item are the following:
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 discuss scenarios or use cases for on-demand SSB Scell operations and potential impact to specification work.
Discussion
Use cases for On-demand SSB
Use cases for on-demand SSB had been discussed at RAN1 #116 and aggreement was made on the following use cases for further study [2].
	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 #2, the always-on SSB can be transmitted sparsely for saving power, e.g. with a long periodicity (i.e., 160ms). In this case, UEs either supporting Rel-19 NES (i.e., Rel-19 NES UEs) or not supporting Rel-19 NES (i.e., legacy UEs) may measure RRM for supporting SCell addition or removal, neighbor cell monitoring, etc. without additional signaling. In another word, NES cell with always-on SSB is fully discoverable from all UEs without additional signaling.
Observation 1. A NES cell with always-on SSB supports UEs’ measurements for proper Scell addition and removal, as well as neighbor cell monitoring.  
Observation 2. A NES cell with always-on SSB is backward compatible with legacy UEs. 
Observation 3. A NES cell with always-on SSB has least impact to specification. 
On-demand SSB can be transmitted during the transition period (i.e., after UE receives Scell activation command until the Scell activation is completed) for fast Scell activation, as illustrated in Figure 1(a). Additionally, it may be beneficial (e.g., faster initial accessing to Scell) to also support on-demand SSB transmissions while the Scell is in activated state, as illustrated in Figure 1(b).
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[bookmark: _Ref162531058]Figure 1: On-demand SSB for Case 2

For Case #1, an Scell without always-on SSB cannot be measured by a UE, i.e., RRM based mobility or neighbor cell measurements is not supported. Blindly selected or activated Scell without UE’s measurement is not optimal, which may trigger more frequent Scell addition or removal. Additionally, it may cause more delay for supporting mobility due to lack of neighbor cell measurements. As a result, may consume more power and more delay. 
Observation 4. A NES cell without always-on SSB doesn’t support neighbor cell monitoring and thus is not discoverable as a neighbor cell. 
Observation 5. A NES cell without always-on SSB doesn’t support legacy UEs. 
Observation 6. Blindly selecting or activating a NES cell without always-on SSB is not reliable and efficient. 
To address the issues of blind Scell selection or activation, some measurement report from a UE is needed. To enable UE’s measurement, a down link signal (e.g., on-demand SSB) needs to be transmitted before a Scell is selected or activated, as illustrated in Figure 2. This requires additional specification work for the measurement of the down link signal prior to the Scell selection or activation.
Observation 7. To support a NES cell without always-on SSB, additional specification work is needed. 
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[bookmark: _Ref162967380]Figure 2: On-demand SSB for Case 2

Currently, both Case 1 and Case 2 are under RAN1’s further study, especially if the on-demand SSB is cell defined (e.g., with associated SIB1) or not cell defined (e.g., without associated SIB1). RAN2 may discuss the pros and cons for each case and wait for RAN1’s conclusion.
Proposal 1. RAN2 discuss the pros and cons for each case and wait for RAN1’s conclusion. 

Triggering for On-demand SSB
On-demand SSB is transmitted when it is needed, e.g., for at least SCell time/frequency synchronization, L1/L3 measurements and SCell selection or activation. 
There are two options for triggering on-demand SSB transmissions: triggered by the network or triggered by a UE.
At RAN1#116, the option of network triggering was agreed [2]. 
	Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE



Proposal 2. RAN2 discuss how to support on-demand SSB triggered by the network. 
Compared to network triggered on-demand SSB, UE triggering on-demand SSB may cause more power consumption and design complexity at the UE, e.g., uplink WUS transmission for requesting on-demand SSB. For example, a UE may need to request on-demand SSB to multiple Scells if the UE is configured with multiple Scells. Additionally, UE may need to obtain beam information before transmitting the uplink WUS to trigger on-demand SSB. Accordingly, the Scell may need to monitor uplink WUS from different UEs constantly which may consume more power. 
Observation 8: UE triggered on-demand SSB may cause 
  - more UE power consumption and extra design for transmitting the uplink WUS 
  - more NW energy consumption due to monitoring the uplink WUS transmissions from UEs 
Proposal 3. RAN2 wait for RAN1’s decision on UE triggered on-demand SSB transmissions. 

Conclusion
[bookmark: _Hlk92772570]In this contribution, we discussed scenarios or use cases for on-demand SSB Scell operations and potential impact to specification work, and concluded with the following observations and proposals.
Use cases for On-demand SSB
Observation 1. A NES cell with always-on SSB supports UEs’ measurements for proper Scell addition and removal, as well as neighbor cell monitoring.  
Observation 2. A NES cell with always-on SSB is backward compatible with legacy UEs. 
Observation 3. A NES cell with always-on SSB has least impact to specification. 
Observation 4. A NES cell without always-on SSB doesn’t support neighbor cell monitoring and thus is not discoverable as a neighbor cell. 
Observation 5. A NES cell without always-on SSB doesn’t support legacy UEs. 
Observation 6. Blindly selecting or activating a NES cell without always-on SSB is not reliable and efficient. 
Observation 7. To support a NES cell without always-on SSB, additional specification work is needed. 
Proposal 1. RAN2 discuss the pros and cons for each case and wait for RAN1’s conclusion. 

Triggering for On-demand SSB
Proposal 2. RAN2 discuss how to support on-demand SSB triggered by the network.
Observation 8: UE triggered on-demand SSB may cause 
  - more UE power consumption and extra design for transmitting the uplink WUS 
  - more NW energy consumption due to monitoring the uplink WUS transmissions from UEs 
Proposal 3. RAN2 wait for RAN1’s decision on UE triggered on-demand SSB transmissions. 
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