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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, if found to be feasible by RAN4. This objective as presented in the WI is as follows:  
· 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]
To this end, our main paper R4-2304181 presents the applications of SSB-less SCell operation for inter-band CA, discusses the RRM impacts of this objectives, and highlights of the feasibility study. In this paper, we discuss feasibility study related issues of this objective in detail.   
Simulation Methodology
As indicated in the objective, UE obtains time and frequency synchronization of the SCell by decoding the SSBs received in the PCell or another SCell that operates in a different carrier aggregated band, see Figure 1. Relying on the obtained synchronization parameters of the PCell, UE decodes the DL physical channels (PDCCH and PDSCH) to receive downlink control information and data in the SCell.  
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	Figure 1: Candidate PCells for SSB-less operation with the SCell.



The objective states that ‘if found feasible by RAN4 study’, this implies that RAN4 must conduct a feasibility study 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. 
[bookmark: _Ref131692636]Observation 1: The phrase ‘if found feasible by RAN4 study’ refers to evaluating possible performance degradation of physical downlink channels that may occur by using the synchronization information of PCell for the SCell, using key performance measuring metrics. 
In general, the performance of physical downlink channels (e.g., BLER against SNR or throughput against SNR) depends on the accuracy of time and frequency synchronization of the UE with the gNB in that operating cell. Having used time and frequency synchronization values of a PCell for the physical channels in the SCell may impact the performance on those channels, depending on the magnitude of the time/frequency offset.  For example, if the time/frequency synchronization values of the PCell have a significant difference to those of the SCell, then the BLER or throughput performances of the physical downlink channels may have a degradation compared to the performance of an SCell which obtained synchronization by using the SSBs intended to that SCell.  
Another important parameter to consider is the RTD, where the UE experiences a timing difference in receiving the PCell and SCell transmissions due to the propagation delay differences. The RTD may also be impacted by the propagation environment depending on the frequency separation between the PCell and SCell. Thus, it is worth to investigate the impact of RTD on BLER or throughput performances of the SCell. Some initial discussion may be required to discuss how to consider RTD in the evaluation study.  
[bookmark: _Ref131692646]Proposal 1: In the evaluation methodology, RAN4 may investigate the behavior of BLER against SNR and/or throughput against SNR as the metrics to evaluate the performance of physical downlink channels. Furthermore, RAN4 may consider how the RTD would impact the BLER or throughput performances of those channels. 
To efficiently use the time, evaluations could be started with evaluating the performance of PDSCH, because by evaluating the performance of PDSCH, one would implicitly evaluate the performance of PDCCH. Then, based on the requirements, RAN4 may decide whether evaluating the performance of PDSCH is needed or not. 
[bookmark: _Ref131692667]Proposal 2: RAN4 to start the feasibility study by evaluating the performance of PDSCH, using metric proposed in Proposal 1. 
The feasible set of PCells (or other SCells) that SCell may perform SSB-less operation may have different frequency offsets, as shown in Figure 1. The time/frequency synchronization offsets may also depend on how far apart the bands of the SCell and PCell or other SCell are located in the channel raster. That is the selection of the PCell from which the SSBs can be used for the synchronization of the SCell may impact the accuracy of SCell’s time/frequency synchronization. The WID does not include any information about the bands to be selected for PCell and SCell operation or any conditions for the selection of operating bands (e.g., any discussion about feasible frequency separation between the PCell and SCell is not available). Hence, the feasibility study may investigate possible frequency separations between PCell and SCell operating bands. 
[bookmark: _Ref131692672]Proposal 3: RAN4 to investigate feasible frequency separation between the PCell and SCell, and under which conditions reuse of the time/frequency synchronization could be achieved. 
Another important parameter to be discussed in the feasibility study is the used channel models. RAN4 may start the evaluations using TDL models, and then if found necessary, further evaluations could be done for DCLs models as well at a later stage. 
[bookmark: _Ref131692677]Proposal 4: RAN4 to investigate the impact of channels models, starting with TDL models, on the SSB-less SCell operation for inter-band carrier aggregation.  
Furthermore, the study may discuss modelling the time and frequency errors the SCell may experience due to the usage of synchronization information of the PCell in the carrier aggregated band. A simple approach could be to consider constant time and frequency offset values. However, we believe it would be good to discuss and agree at the beginning a feasible approach that could be used for modelling time and frequency errors. 
[bookmark: _Ref131692681]Proposal 5: RAN4 to discuss about how to model time and frequency errors that SCell may experience in SSB-less SCell operation. 
In summary, RAN4 must discuss and agree about how to conduct the feasibility study for SSB-less SCell operation for inter-band CA for FR1 and co-located cells. To do this, RAN4 must identify the key performance metrics to be used for evaluating the performance of physical downlink channels. Then, RAN4 may evaluate the impact of frequency separation between the PCell and SCell on the key performance metrics of physical downlink channels, by considering other parameters such as the channel model. The outcome of the study could be to identify the frequency separation between the PCell and SCell and conditions under which the SCell may achieve tolerable performance degradation. 
[bookmark: _Ref131692688]Proposal 6: The outcome of the feasibility study could be identifying the frequency separation between the PCell and SCell (i.e., feasible band combinations) and any other conditions such that the demodulation performances of physical downlink channels transmitted by the SSB-less SCell are within a tolerable performance degradation. 
For evaluating the performance of SSB-less SCell operation, it is essential to agree the radio parameter settings for the PCell and SCell. For example, basic parameters like duplex type, system bandwidth, subcarrier spacing, transmit power level (i.e., BS class), etc. can be already agreed in the first meeting. To do this, we may reuse the set of parameters as much as possible from [2] which has been used for evaluations in the SI phase. In addition, it is also necessary to define a reference configuration for SCell for benchmarking the performance of the SSB-less SCell. 
[bookmark: _Ref131692692]Proposal 7: RAN4 to agree on the radio parameter settings for PCell and SCell to be used in the performance evaluation for SSB-less SCell operation. RAN4 may suggest using the parameters used in TR 38.864 as much as possible for these evaluations.
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:
Observation 1: The phrase ‘if found feasible by RAN4 study’ may refer to evaluating possible performance degradation of physical downlink channels that may occur by using the synchronization information of PCell for the SCell, using key performance measuring metrics.
Proposal 1: In the evaluation methodology, RAN4 may investigate the behavior of BLER against SNR and/or throughput against SNR as the metrics to evaluate the performance of physical downlink channels. Furthermore, RAN4 may consider how the RTD would impact the BLER or throughput performances of those channels.
Proposal 2: RAN4 to start the feasibility study by evaluating the performance of PDSCH, using metric proposed in Proposal 1.
Proposal 3: RAN4 to investigate feasible frequency separation between the PCell and SCell, and under which conditions reuse of the time/frequency synchronization could be achieved.
Proposal 4: RAN4 to investigate the impact of channels models, starting with TDL models, on the SSB-less SCell operation for inter-band carrier aggregation.
Proposal 5: RAN4 to discuss about how to model time and frequency errors that SCell may experience in SSB-less SCell operation.
Proposal 6: The outcome of the feasibility study could be identifying the frequency separation between the PCell and SCell (i.e., feasible band combinations) and any other conditions such that the demodulation performances of physical downlink channels transmitted by the SSB-less SCell are within a tolerable performance degradation.
Proposal 7: RAN4 to agree on the radio parameter settings for PCell and SCell to be used in the performance evaluation for SSB-less SCell operation. RAN4 may suggest using the parameters used in TR 38.864 as much as possible for these evaluations.
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