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Introduction
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Based on the outcome of RAN#102 meeting, the following objectives were agreed in the WID (RP-234065):
	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.
2. 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 this contribution, we will discuss the issues related to the on-demand SSB Scell operation. And in our companion contribution, we will discuss the issues on-demand SIB1 for idle/inactive mode UEs and adaptation of common signal/channel transmissions in [1][2].
On-demand SSB SCell operation for UEs in connected mode
  
2.1 Scenarios for on-demand SSB Scell operation
In general, the applicable NR CA scenarios need to be firstly discussed for Rel-19 NES with on-demand SSB transmission in Scell operation, and we have the following discussions on NR CA scenario considerations:
· Contiguous Intra-band CA scenario:
From a network energy saving perspective, in legacy NR CA, the long periodicity of SSB transmissions in the Scell can be configurable, i.e. via UE-dedicated RRC-signaling. Moreover, the SSB-less Scell operation is supported since NR CA Rel-15/16, where the UE measurement, i.e. AGC tuning, T/F sync, L1-RSRP, etc. of SSB-less Scell may rely on the SSB signal transmissions from the primary or reference cell. Practically, the SSB-less Scell operation can work fine under the Intra-band contiguous CA scenario, since collocation deployment has been assumed for intra-band CA. Therefore, it can be further assumed that the channel characteristic among the contiguous intra-band carriers can be quite similar or even the same, and the T/F synchronization timing and AGC tuning derived from the SSB transmissions of Pcell/reference cell can be directly applicable to the SSB-less Scell. A UE configured with SSB-less operation in contiguous intra-band CA SCell may not require on-demand SSB transmission, but the network may need to support UEs that require SSBs on demand in the same cell. 
Observation 1: From the UE perspective, there is no need for on-demand SSB when SSB-less operation is configured in contiguous intra-band SCell.  

· [bookmark: _Hlk157670588]Co-located FR1 Inter-band CA scenario (& Non-contiguous Intra-band CA Scenario):
Co-located FR1 inter-band CA scenario was specified in R18 NES mainly lead by RAN4 WG, where the requirements for SSB-less Scell operation were specified for co-located FR1 inter-band CA scenario only. In our view, the same requirements can also be applied to the non-contiguous Intra-band CA scenario. Currently, the RAN4 demodulation requirements and specification work for SSB-less Scell operation with co-located FR1 inter-band CA scenario is still ongoing and it is expected to be finalized soon, in the 1Q of 2024. Based on the progress and outcome, if there are no RAN4 demodulation requirements specified for the scenario, the NW may not have the exact knowledge on whether or not the UE is able to properly operate on the SSB-less Scell under the co-located FR inter-band CA scenario. Thus, the UE measurements, such as received time difference (RTD) evaluation, can be quite important, where the corresponding UE measurement reporting may assist the network decision on UE operation in such an SSB-less Scell. So far, as quoted below from TS38.306, currently the UE capability indication of “scellWithoutSSB” is conditionally reported for Intra-band CA scenario. Although RAN4 RRM requirement was included for the inter-band SSB-less SCell activation delay, there are still ongoing discussions on whether or not a new UE capability for inter-band SSB-less Scell operation is to be introduced. And even with such new UE capability specified, the UE feedback information with on-demand SSB transmission in Scell can be still beneficial in such Inter-band CA scenario.
TS38.306, section 4.2.7.4	 CA-ParametersNR:
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	scellWithoutSSB
Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block. This is conditionally mandatory with capability signalling for intra-band CA but not supported for inter-band CA.
	FS
	CY
	N/A
	N/A


Moreover, in practice, the network may not be able to configure a cell as SSB-less SCell for all UEs. As presented in Figure-1, Cell 3 could be configured to be SSB-less and UEs could use SSB from Cell 2 to obtain time and frequency synchronization. However, if Cell 2 is fully occupied and a new UE that only supports 2 CC CA and does not support inter-band SSB-less Scell, needs to be configured for CA operation then Cells 1 and 3 need to be used. The on-demand SSB could then be beneficial in Cell 3.
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Figure-1: Collocated FR1 inter-band scenario with and without SSB-less



Observation 2: Specification of SSB-less co-located FR1 inter-band CA scenario for Rel-18 NES is still ongoing in RAN4 WG. The requirements for SSB-less Scell operation can be also applied to the non-contiguous Intra-band CA scenario.
Observation 3: Currently, it is unclear if there are any RAN4 demodulation requirements to be specified for Rel-18 NES with co-located FR1 Inter-band CA scenario.
Observation 4: If there are no RAN4 demodulation requirements specified, the NW may not have the knowledge on whether or not the UE can be able to properly operate on the SSB-less Scell under the co-located FR1 Inter-band CA scenario. And the UE feedback information with on-demand SSB transmissions in Scell can be beneficial in this scenario for assisting the network decision on UE operation on such SSB-less Scell.
Proposal 1: RAN1 to discuss on whether the on-demand SSB transmission in Scell can be applicable with co-located FR1 Inter-band CA scenario. 

· [bookmark: _Hlk157669901]Non-co-located FR1 Inter-band CA scenario and Inter-band CA scenario with band combination of FR1 and FR2: and Inter-band CA scenario with band combination of FR1 and FR2:
For non-co-located FR1 Inter-band CA scenario and Inter-band CA scenario with band combination of FR1 and FR2, the channel characteristics are quite different between the bands. Thus, the SSB-less Scell operation is clearly not appliable for these CA scenarios, and the regular SSB transmissions in Scell are needed. From a network energy saving perspective, the transmission periodicity of SSB in the Scell of such scenarios can be configured to be long. However, with longer SSB transmission periodicity, the UE cell detection and L3 measurements of Scell can be also very long, and that may impact the Scell activation for UE to start utilizing the Scell. With network triggered on-demand SSB transmissions in the Scell, it can benefit for reducing the time required for UE cell detection measurement and/or L3 measurement, and in the meanwhile, it reduces the latency of UE Scell activation procedure.
Observation 5: For non-co-located FR1 Inter-band CA scenario and Inter-band CA scenario with band combination of FR1 and FR2, the long periodicity of SSB transmissions in the scell, the better network energy saving that can be achieved. However, the UE cell detection and L3 measurements of Scell can be also very long, and that may impact the Scell activation for UE to start utilizing the Scell.
Proposal 2: RAN1 to discuss on whether the on-demand SSB transmission in Scell can be applicable with non-co-located FR1 Inter-band CA scenario and/or Inter-band CA scenario with band combination of FR1 and FR2.

Based on the above scenario discussions, to our view, the mechanism of on-demand SSB transmissions in a Scell can be applicable to both SSB-less CA Scell operation (i.e. co-located FR1 Inter-band CA scenario and non-contiguous Intra-band CA Scenario) and operation of CA Scell with long periodicity SSB transmission (i.e. non-co-located FR1 Inter-band CA scenario and Inter-band CA scenario with band combination of FR1 and FR2). And practically how the on-demand SSB could be applied may depend on the exact scenario that to be considered, e.g. the triggering of on-demand SSB transmission can be initiated either by the network or by the UE itself. The network triggered on-demand SSB transmission in SCell, can benefit for reducing the time required for UE cell detection measurement and/or L3 measurement, and in the meanwhile it reduces the latency of UE SCell activation procedure. In general, it will be preferable to consider a unified solution as much as possible to address different scenarios, whenever possible.
Observation 6: Mechanism of On-demand SSB transmission can be applicable to Scell supporting SSB-less operation or with SSB transmission of long periodicity.   
Observation 7: With network triggered on-demand SSB transmission in SCell, it can benefit for reducing the time required for UE cell detection measurement and/or L3 measurement, and in the meanwhile it reduces the latency of UE SCell activation procedure.
Proposal 3: RAN1 to consider a unified solution to address different scenarios, whenever possible and to prioritize the discussion on network triggered on-demand SSB transmission.
Furthermore, regarding impact on SSB structure, practically the SSB in a SCell may be used for various purposes e.g.: cell detection, AGC tuning, time and frequency synchronization, L1/L3 measurement and as QCL source. Any change to the SSB structure has an impact on the existing SSB implementation both at network and UE end.  As discussed during the RAN plenary meeting #102, any change to SSB format or structure are excluded from the scope of this objective.
Observation 8: Any change to SSB structure impacts the existing SSB implementation both at network and UE end.
Proposal 4: RAN1 to confirm that the on-demand SSB solutions will not impact the SSB structure. 


Conclusions
In this contribution, we have the following observations and proposals:
Observation 1: From the UE perspective, there is no need for on-demand SSB when SSB-less operation is configured in contiguous intra-band SCell.  
Observation 2: Specification of SSB-less co-located FR1 inter-band CA scenario for Rel-18 NES is still ongoing in RAN4 WG. The requirements for SSB-less Scell operation can be also applied to the non-contiguous Intra-band CA scenario.
Observation 3: Currently, it is unclear if there are any RAN4 demodulation requirements to be specified for Rel-18 NES with co-located FR1 Inter-band CA scenario.
Observation 4: If there are no RAN4 demodulation requirements specified, the NW may not have the knowledge on whether or not the UE can be able to properly operate on the SSB-less Scell under the co-located FR1 Inter-band CA scenario. And the UE feedback information with on-demand SSB transmissions in Scell can be beneficial in this scenario for assisting the network decision on UE operation on such SSB-less Scell.
Observation 5: For non-co-located FR1 Inter-band CA scenario and Inter-band CA scenario with band combination of FR1 and FR2, the long periodicity of SSB transmissions in CA scell, the better network energy saving that can be achieved. However, the UE cell detection and L3 measurements of CA Scell can be also very long, and that may impact the Scell activation for UE to start utilizing the CA Scell.
Observation 6: Mechanism of On-demand SSB transmission can be applicable to Scell supporting SSB-less operation or with SSB transmission of long periodicity.   
Observation 7: With network triggered on-demand SSB transmission in SCell, it can benefit for reducing the time required for UE cell detection measurement and/or L3 measurement, and in the meanwhile it reduces the latency of UE SCell activation procedure.
Observation 8: Any change to SSB structure impacts the existing SSB implementation both at network and UE end.
Proposal 1: RAN1 to discuss on whether the on-demand SSB transmission in Scell can be applicable with co-located FR1 Inter-band CA scenario. 
Proposal 2: RAN1 to discuss on whether the on-demand SSB transmission in Scell can be applicable with non-co-located FR1 Inter-band CA scenario and/or Inter-band CA scenario with band combination of FR1 and FR2.
Proposal 3: RAN1 to consider a unified solution to address different scenarios, whenever possible and to prioritize the discussion on network triggered on-demand SSB transmission.
Proposal 4: RAN1 to confirm that the on-demand SSB solutions will not impact the SSB structure. 
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