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1 Introduction
RANP approved a work item on network energy saving (NES) [1]. The WI aims to reduce environmental impact and for operational cost savings of operating NR networks. One objective of the work item on SSB-less Scell operation for inter-band CA is in the following:

Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]
During the study item phase, RAN2 discussed SIB-less and SSB-less Scell operation, and the TR description summarized in Annex A was agreed. RAN2#122 meeting [2] made the following agreements:

Agreements:

1. If RAN4 conclude SSB-less SCell for inter-band CA for FR1 and co-located cells is feasible, the signaling of intra-band CA (including RRC change on timing of SSB-less SCell and capability signaling) can be considered as its baseline. Whether other new signaling is required depends on RAN4 input.

2. If RAN4 concludes it is feasible, RAN2 can further work on at least the following specification impacts:

-
RRC configuration of the frequency of the SSB to be used for the UE to obtain the timing reference for the inter-band SCell.

-
UE capability reporting to indicate whether UE supports configuration of inter-band SCell that does not transmit SS/PBCH block.

RAN4 made some agreements on inter-band SSB-less SCell operation in RAN4#108Bis and sent an LS to RAN2 in R4-2317307 [4]. The following is provided in this LS from RAN4 for RAN2 to consider for the signalling design for SSB-less SCell operation: 
Under the release 18 work item on network energy saving, to enable SSB-less SCell operation, RAN4 agrees to introduce indication from NW to UE to indicate which cell (e.g., PCI, SSB frequency, etc.) is the reference cell. RAN4 will define “by default cell” as reference cell if the indication is not provided, The reference cell means it is the timing reference and AGC source of SSB-less SCell. If the reference cell is an SCell or PSCell, it should be an activated SCell or activated PSCell. The details of the signalling are up to RAN2. 
RAN4 also has agreement on SSB-less SCell. If the UE is not provided with SSB configuration (absoluteFrequencySSB) in the SCell (FrequencyInfoDL) nor SMTC configuration for the SCell, this cell is regarded as SSB-less SCell. 
This contribution provides a discussion on SSB-less SCell operation.
2 Discussion
Energy savings can be achieved from deactivating secondary carriers at low cell loads. SCells can also remain active but only used when needed for additional capacity, i.e., without transmitting recurrent signals such as SSBs, paging, or CSI-RS. This enables a lean Scell operation without having to wake such cells periodically for transmission of periodic signals such as SSBs, especially when the load in the cell group is low.

RAN4#107 [5] had made the following agreements which provides at least the scenarios that RAN4 is considering for their feasibility evaluation:

· Agreements

· Continue RAN4 work on the following SSB-less SCell scenarios

· Scenario 1: SCell without SSB transmission and with TRS transmission

· Scenario 2a: SCell without SSB transmission and without any other DL transmissions, but with UL reception at the NW side

· Note: No RAN1 impacts are expected, and no RAN4 requirements will be defined if the scenario is not supported from RAN1 specification perspective.

· Deprioritize RAN4 work on the following SSB-less SCell scenario

· Scenario 2: SCell without SSB transmission and without TRS transmission

· Send LS to RAN1/2 to check on support of Scenario 2a from RAN1/2 specifications perspective

After RAN4 deprioritization of scenario 2, only scenario 1 and 2a were on the table. These were brought to discussion in RANP#101. RANP#101 [7] discussed briefly the scenarios for SSB-less SCell operation and the followed conclusion was made:

RAN#101:

conclusion: scenario 2a is not specified in REL-18

After the conclusion from RAN#101, the target scenario for inter-band SSB-less SCell is scenario 1. 

Observation 1: For Rel-18 NES inter-band SSB-less SCell operation, the only scenario for which RAN2 has to specify the design is scenario 1, i.e., SCell without SSB transmission and with TRS transmission.
2.1 Inter-band SSB-less SCell configuration and Activation
3GPP supports intra-band SSB-less SCell operation. For the intra-band SSB-less SCell, UE uses a cell on the same band for timing acquisition. For inter-band case, a UE may have cells on different bands and thus, UE needs to know which cell will be the reference cell for an inter-band SSB-less SCell. RAN4 has indicated in its LS to have an indication to UE from the network. The indication of the reference cell for an inter-band SSB-less SCell can be provided as part of the cell configuration.

Proposal 1: For an inter-band SSB-less SCell, UE receives the indication of reference cell as part of the serving cell configuration for inter-band SSB-less SCell. 
RAN4 has indicated in its LS [4] that PCI, SSB frequency etc can be indicated to the UE to identify the reference cell for inter-band SSB-less SCell. One option is for the network to indicate the reference frequency, cell ID, SSB. For AGC purpose, the network may further define power difference wrt the refence cell. To support the primary functionality, RAN2 can choose either serving cell index or PCI as indication for reference cell, in our understanding both may suffice for UE to identify the reference cell.
RAN4 has further indicated in its LS [4] that it will define a default reference cell if the network does not provide the indication of the reference cell. In our understanding, if the network does not provide the indication of the reference cell for inter-band SSB-less SCell, the most suitable reference cell can be the primary cell of the cell group for which the SSB-less SCell is configured.

Proposal 2: For an inter-band SSB-less SCell, if UE does not receive explicit indication of the reference cell, it uses the primary cell of the cell group as the reference cell for SSB-less SCell. 

The TRS configuration for SSB-less SCell activation/deactivation can follow the existing TRS configuration for SCell activation/deactivation as part of the serving cell configuration. In the same manner, RAN2 design for activation/de-activation of inter-band SSB-less SCell for this scenario could follow closely the design of TRS based fast SCell activation/de-activation mechanism through MAC CE. 
Proposal 3: TRS configuration and MAC CE based signalling, as in legacy for fast SCell activation/deactivation, can be used for configuration and activation of inter-band SSB-less SCells.  
2.2 UE capability for Inter-band SSB-less SCell Support

There is legacy capability for the UEs to indicate the capability for intra-band SSB-less SCell operation, scellWithoutSSB as defined in TS38.306. There is another capability csi-RS-MeasSCellWithoutSSB which provides the UE capability to make TRS measurements for a cell not transmitting SSB.
For a Rel-18 UE supporting inter-band SSB-less SCell operation, two new capabilities may be added for the UE indicating the capability to make CSI (TRS) measurements for inter-band SSB-less SCells and the configuration of inter-band SSB-less SCell.

Proposal 4: Introduce UE capability to support inter-band SSB-less SCell operation.
3 Conclusion
This contribution provides a discussion on SSB-less cell NES operation. It has the following observation on the scenario of interest for RAN2 standardization of inter-band SSB-less SCell operation:

Observation 1: For Rel-18 NES inter-band SSB-less SCell operation, the only scenario for which RAN2 has to specify the design is scenario 1, i.e., SCell without SSB transmission and with TRS transmission.
The following proposals are made in this document: 
Proposal 1: 
For an inter-band SSB-less SCell, UE receives the indication of reference cell as part of the serving cell configuration for inter-band SSB-less SCell. 

Proposal 2: 
For an inter-band SSB-less SCell, if UE does not receive explicit indication of the reference cell, it uses the primary cell of the cell group as the reference cell for SSB-less SCell. 

Proposal 3:
TRS configuration and MAC CE based signalling, as in legacy for fast SCell activation/deactivation, can be used for configuration and activation of inter-band SSB-less SCells.  
Proposal 4: 
Introduce UE capability to support inter-band SSB-less SCell operation.
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