[bookmark: Signet45]3GPP TSG-RAN WG2 Meeting #125bis	R2-2402737
Changsha, China, April 15th – 19th, 2024

[bookmark: Source]Agenda item:	8.5.2
Source: 	Lenovo
[bookmark: Title]Title: 	Discussion on On-demand SSB SCell operation
[bookmark: DocumentFor]Document for:	Discussion and discussion
Introduction
In RAN#102, a new work item “Enhancements of network energy savings for NR” was agreed [1]. The objectives of the work item are the following:
	1. [bookmark: OLE_LINK1]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]
· [bookmark: OLE_LINK12]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.

2. [bookmark: OLE_LINK4][bookmark: OLE_LINK3]Study procedures and signaling method(s) to support on-demand SIB1 for UEs in idle/inactive mode, including: [RAN1/2/3]
· Triggering method by uplink wake-up-signal using an existing signal/channel.
· Wake-up-signal configuration provisioning to UE 
· Note: No modification of SSB will be discussed under this objective
· Information exchange between gNBs at least for the configuration of wake-up signal, if necessary.
· Checkpoint for normative work in RAN#105

3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4]
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 
4. Specify the corresponding core requirements, for the above features [RAN4].


In RAN1#116, some agreements were achieved [2].
Agreement
RAN1 to strive for a common design for on-demand SSB operation considering all applicable CA configurations.

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
(Apple requested adding the above FFS)
Agreement
Support on-demand SSB SCell operation triggered by gNB.
· FFS Details of associated signaling/indication/configuration provided to UE
Agreement
· For SSB burst(s) triggered 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).

In this contribution, we provide analysis and proposals on the 1st objective, i.e., 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”. 

Discussion
Current NR supports activation/deactivation of an SCell based on traffic needs, for example different traffics being transmitted in different serving cells based on the different characteristics of the PHY layer e.g. PCell is deployed in a carrier frequency, and SCell is deployed in another carrier frequency This is beneficial in terms of energy saving in both UE side and gNB side. For UL, the UE can identify the traffic arrival prior to the gNB.
Observation 1: The preferred traffics can be different in PCell and SCell based on the gNB deployment, and the UE can identify the traffic arrival prior to the gNB.
At the same time, it is supported to configure limited number of SSBs to transmit from the spec. and implementation view of point. For example, the SSBs that provide good channel quality can be configured to the UE based on the UE measurement reports. It is beneficial to reduce power consumption comparing with the full set of SSBs transmission.
Observation 2: To reduce power consumption on SSB transmission, the gNB might transmit only limited number of SSBs in the SCell.  
There could be a case that the channel quality measured from the configured SSBs changes to a low level. It may be identified by the gNB much later than by the UE because of the possible long-periodicity measurement report.  
Therefore, it is beneficial if the UE could send a wake-up signal to request additional or updated SSBs transmission. 
Observation 3: In case the channel condition of the SSB(s) is not good enough with the limited number of SSBs transmission, the UE can identify the issue prior to the gNB. 
Proposal 1: UE triggered on-demand SSB operation is supported.
On the other hand, gNB triggered on-demand SSB SCell operation was agreed in RAN1. 
In order to align the transmission and reception behaviours to avoid un-necessary energy consumption, the transmission pattern e.g. the duration of the transmission, the starting point/offset of the transmission, the transmission power, etc. shall be informed to the UE no matter which node triggers the on-demand SSB transmission. While the transmission pattern is explicitly or implicitly informed to the UE can be further discussed.
[bookmark: OLE_LINK5]Proposal 2: The transmission pattern e.g. the duration of the transmission, the starting point/offset of the transmission, the transmission power, etc. is informed to the UE to align the transmission and reception behaviors and avoid un-necessary energy consumption.
Considering the potential usages of On-demand SSB transmission listed in the objective, L1/L3 measurements and SCell activation are more related with RAN2, e.g., how to keep at least the legacy performance via the RRM measurement configuration with on-demand SSB, when to activate the SCell w/o on-demand SSB transmission. Therefore, we proposal RAN2 to start working on the measurement configuration and SCell activation to avoid un-necessary SSB transmission.
Proposal 3: RAN2 to start working on the measurement configuration and SCell activation to keep the performance and save energy consumption.
[bookmark: OLE_LINK29]
Conclusion
In summary, we have following observations and proposals for on-demand SSB for SCell in carrier aggregation:
Observation 1: The preferred traffics can be different in PCell and SCell based on the gNB deployment, and the UE can identify the traffic arrival prior to the gNB.
Observation 2: To reduce power consumption on SSB transmission, the gNB might transmit only limited number of SSBs in the SCell.  
Observation 3: In case the channel condition of the SSB(s) is not good enough with the limited number of SSBs transmission, the UE can identify the issue prior to the gNB. 
Proposal 1: UE triggered on-demand SSB operation is supported.
Proposal 2: The transmission pattern e.g., the duration of the transmission, the starting point/offset of the transmission, the transmission power, etc. is informed to the UE to align the transmission and reception behaviors and avoid un-necessary energy consumption.
Proposal 3: RAN2 to start working on the measurement configuration and SCell activation to keep the performance and save energy consumption.
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