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Introduction
At RAN#98 meeting, the work item Network energy savings for NR was approved to study the selected network energy saving techniques in various domains [1]. One of the objectives is to specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells which is led by RAN4. In this paper, we are discussing the implication of SSB-less scenarios and proposing how to move forward on the feasibility study. 
General
According to the WID, a list of network energy saving features will be discussed in RAN1, RAN2 and RAN4. Even on the topics led by RAN1 and RAN2, the corresponding RRM/RF core requirements need to be specified in RAN4. 
4.1	Objective of SI or Core part WI or Testing part WI
The objectives of the work item are the following:

1. 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]

1. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
1. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements

1. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

1. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

1. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].

1. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]

Considering limited TU allocation, we suggest prioritizing the SSB-less operation study in RAN4 to avoid divergence of the discussion. The RRM/RF requirements for the other network energy saving features e.g. cell DTX/DRX, spatial and power domain techniques can be discussed after there is conclusion from RAN1/RAN2. 
Proposal 1: RAN4 shall prioritize the discussion on SSB-less SCell operation for inter-band CA for FR1 and co-located cell.  The RRM/RF requirements for the other network energy saving features e.g. cell DTX/DRX, spatial and power domain techniques can be discussed after there is conclusion from RAN1/RAN2.
Scenarios with SSB-less operation
The network energy saving techniques have been studied in RAN1 and the evaluation on candidate techniques is captured in TR 38.864 [2]. The inter-band CA with SSB-less SCell operation is described in Technique B-1-1 as below.   
TR 38.864:
[bookmark: _Toc120880134]6.2.1	Technique B-1 Multi-carrier energy savings enhancements
[bookmark: _Toc120880135]6.2.1.1	Description of technique
Intra-band SSB-less SCell operation is supported by the current specification. PCell switching is supported by handover command according to current specification.
Technique B-1-1 for CA supports inter-band CA with SSB-less SCell. No SSB transmission in some inter-band SCell(s). The synchronization is acquired from other cell with SSB transmission or same cell with simplified signal transmission, also in order for fast activation and deactivation of SCell. Enabling of inter-band SSB-less SCell operation that may include mechanism for UE/gNB to trigger normal SSB transmission and/or reference signals, if needed, on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell. RACH transmission opportunity may be supported in SSB-less SCell. 
From the description, there is no SSB transmission on the inter-band SSB-less SCell. In addition, it further indicates the UE/gNB may trigger normal SSB transmission if needed on a SCell for fast access. In our understanding, this implies several cases as illustrated in Fig.1:
1. SCell without SSB transmission: There is no SSB transmission on the inter-band SSB-less SCell. The UE is expected to acquire time/frequency synchronization from other cell with SSB transmission e.g. PCell. In this case, it is assumed the synchronization can be reused e.g. the side conditions for reusing synchronization are fulfilled. Otherwise, the UE shall not be configured with inter-band CA with SSB-less SCell. The feasibility of reusing the time/frequency synchronization should be studied by RAN4.   

1. SCell operation with temporary RSs: There is no regular SSB transmission on the inter-band SSB-less SCell. But the transmission of UE-specific reference signals (A-TRS) by the SCell can be triggered by the gNB on need basis to assist SCell activation if the synchronization from another cell cannot be reused. This case requires some reference signal transmission which sacrifices the benefit of network energy saving, but it enables the inter-band CA operation when the feasibility conditions of SSB-less SCell are not fulfilled. 

1. SCell operation with temporary SSBs: In the discussion of study item phase, the mechanism of UE triggered normal SSB transmission was agreed to be out of R18 scope. Since the SSB is transmitted with a relatively longer periodicity than the temperary RSs, it is more efficient to use temporary RS instead of SSB in case needed. We suggest deprioritizing this case when discussing SSB-less SCell operation in this WI.   
As the feasible solutions and discussion scope may be different under respective cases, we suggest RAN4 to align the understanding on the SSB-less scenarios for FR1 inter-band collocated CA before diving into the details of SSB-less operation. 


[image: ]
Fig.1 Illustration of the SSB-less SCell operation focus of the RAN4 feasibility study
Proposal 2: RAN4 to align the understanding on SSB-less scenarios for FR1 inter-band collocated CA and clarify at least the following cases need to be discussed. 
· SCell without SSB transmission: There is no SSB transmission on the inter-band SSB-less SCell. The UE is expected to acquire time/frequency synchronization from other cell with SSB transmission e.g. PCell.

· SCell operation with temporary RSs: There is no regular SSB transmission on the inter-band SSB-less SCell. But the transmission of UE-specific reference signals (A-TRS) by the SCell can be triggered by the gNB on need basis to assist SCell activation.

Feasibility study
As stated in the objective, a feasibility study is needed to evaluate whether the said SSB-less SCell approach is feasible or not by evaluating relevant performance measures. In our opinion, this feasibility study means that RAN4 must study the possible performance degradation of the physical downlink channels (e.g., PDCCH, PDSCH) that may occur due to the time/frequency synchronization errors caused by using synchronization of PCell in SCell. 
The required feasibility study for the SSB-less SCell operation in inter-band CA should conclude on the following. Which are the feasible band combinations and conditions for which the demodulation performance of the SCell transmitted DL PHY channels (i.e. PDCCH/PDSCH) are sufficiently adequate, when the UE derives the timing of the SCell and the center frequency of the SCell based on SSB received from the PCell operating in a different frequency band than the SCell. 
Details on the feasibility study including the methodology, simulation scenarios and setting and metrics to be evaluated etc. are provided in our companion paper [3].
[bookmark: _Ref131692646]Proposal 3: RAN4 shall start from feasibility study to identify the possible performance degradation of the physical downlink channels (e.g., PDCCH, PDSCH) that may occur due to the time/frequency synchronization errors caused by using synchronization of PCell in SCell.

RRM impact due to SSB-less operation
As discussed in section 4, we believe the feasibility study is the starting point to identify in what conditions the time/ frequency synchronization can be reused for the inter-band collocated SSB-less SCell. In addition, we are discussing the potential impact on RRM core requirements due to SSB-less operation.
The first aspect is SCell activation delay for activating an inter-band co-located SSB-less SCell. Based on the feasibility study, the SSB-less SCell may or may not be activated and the tentative solutions could be different pending on the SSB-less scenarios under discussion.
Observation 1: The SSB-less SCell activation procedure is pending on the SSB-less scenarios under discussion.
Proposal 4: The SCell activation delay for activating an inter-band co-located SSB-less SCell need to be specified based on the feasibility study. 
Another aspect is the L1/L3 measurement on SSB-less SCells. In legacy specification, the measurement requirements have been defined for both SSB-based and CSI-RS based measurement. However, when SSB-less SCell is considered as suggested in Proposal 1, there is no SSB transmission hence not available for L1/L3 measurement as indicated in Fig.1. In any case, the UE is not required to perform SSB-based L1/L3 measurements on the SSB-less SCells. 
Observation 2: In SSB-less SCell operation, there is no SSB transmission hence not available for L1/L3 measurement. 
Proposal 5: The UE is not required to perform SSB-based L1/L3 measurements on the SSB-less SCells.
As the UE still need L1 measurement for beam management and L3 measurement for mobility, the L1/L3 measurement requirements based on CSI-RS need to be specified for SSB-less SCell operation. 
Proposal 6: The CSI-RS based L1/L3 measurement requirements need to be specified for SSB-less SCell operation.
Conclusion
 In this paper we have made the following proposals and observations related to the SSB-less SCell operation for inter-band CA for FR1 and co-located cells:
Proposal 1: RAN4 shall prioritize the discussion on SSB-less SCell operation for inter-band CA for FR1 and co-located cell.  The RRM/RF requirements for the other network energy saving features e.g. cell DTX/DRX, spatial and power domain techniques can be discussed after there is conclusion from RAN1/RAN2.
Proposal 2: RAN4 to align the understanding on SSB-less scenarios for FR1 inter-band collocated CA and clarify at least the following cases need to be discussed. 
· SCell without SSB transmission: There is no SSB transmission on the inter-band SSB-less SCell. The UE is expected to acquire time/frequency synchronization from other cell with SSB transmission e.g. PCell.

· SCell operation with temporary RSs: There is no regular SSB transmission on the inter-band SSB-less SCell. But the transmission of UE-specific reference signals (A-TRS) by the SCell can be triggered by the gNB on need basis to assist SCell activation.
Proposal 3: RAN4 shall start from feasibility study to identify the possible performance degradation of the physical downlink channels (e.g., PDCCH, PDSCH) that may occur due to the time/frequency synchronization errors caused by using synchronization of PCell in SCell.
Observation 1: The SSB-less SCell activation procedure is pending on the SSB-less scenarios under discussion.
Proposal 4: The SCell activation delay for activating an inter-band co-located SSB-less SCell need to be specified based on the feasibility study. 
Observation 2: In SSB-less SCell operation, there is no SSB transmission hence not available for L1/L3 measurement. 
Proposal 5: The UE is not required to perform SSB-based L1/L3 measurements on the SSB-less SCells.
Proposal 6: The CSI-RS based L1/L3 measurement requirements need to be specified for SSB-less SCell operation.
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