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1.  Introduction
In last RAN4 #107 meeting, SSB-less SCell operation scenarios for NR network energy saving have some agreements in WF [1] as below. In this contribution, we share our views on the open issues of RRM requirements for NR network energy saving.
	Issue 1-1-1/2/3: Scenario 1 / 2 / 2a
· 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
Issue 1-2-1: RTD conditions for scenario 1
· Agreements
· Further consider the following cases for requirements definition
· Set 1: RTD ≤ 3us + X (X is FFS)
· Set 2: 260ns < RTD < min(CP, 3us) 
· note: the CP corresponding to the largest SCS across CCs
· Set 3: RTD ≤ 260ns
· FFS whether all subsets are feasible from UE implementation perspective


2.  Discussion
RTD conditions for scenario 1 
Considering the RTD is the receiving timing difference between SSB-less SCell and the reference cell, and RTD is mainly composed of three factors: the TAE (time alignment error) at the BS side, the relative propagation delay difference over the air interface and the receive time delay at the UE side. Thus, RTD value may be impacted by if band group (multi-band) on BS side use the same baseband and the same RU module or not, if the different carrier components on UE side use the same RF chain or not, and the relative propagation delay difference over the air interface between the SSB-less SCell and the reference cell. Due to the different channel characteristic over the bands of SSB-less SCell and the reference cell, this relative propagation delay difference between them will change. Inherently, the definition of different RTD sets could depend partly on frequency separation range between the bands of SSB-less SCell and the reference cell.
Proposal 1: the definition of different RTD sets could depend partly on the frequency separation range between the bands of SSB-less SCell and the reference cell.
Power difference conditions for scenario 1
The maximum power difference for UE may be different for different number of RF chains, and the number of RF chains may be impacted by the frequency separation between SSB-less SCell and the reference cell. Therefore, for a UE using single RF chain, the difference of reception power with the reference cell selected from FR1 inter-band active serving cells is within 6dB; for a UE using dual RF chains, the difference of reception power with the reference cell selected from FR1 inter-band active serving cells is within 6dB+Y, the value of Y is TBD.
Proposal 2: for a UE using single RF chain, the difference of reception power with the reference cell selected from FR1 inter-band active serving cells is within 6dB; for a UE using dual RF chains, the difference of reception power with the reference cell selected from FR1 inter-band active serving cells is within 6dB+Y, the value of Y is TBD.
Reference Cell
It seems SSB-less SCell need the time and frequency synchronization information from the reference cell, which is PCell or other activating SCell with SSB. If the carrier frequency of the reference cell is close enough to the carrier frequency of SSB-less SCell, the RTD condition and the power difference condition are met naturally, and the SSB-less SCell activation delay requirement could keep consistent with SSB-less SCell in intra-band contiguous CA. If the carrier frequency of the reference cell is far away from the carrier frequency of SSB-less SCell, the RTD condition and the power difference condition may need to consider new condition sets, and the SSB-less SCell activation delay requirement may need change. Inherently, which cell should be selected as reference cell need to be considered.
Proposal 3: for the SSB-less SCell to be activated, a reference cell should be selected from PCell and activating SCell(s) with SSB, and the reference cell selection criteria should be defined.
QCL/TCI indication
Considering SSB-less SCell need the time/frequency synchronization information from the reference cell, QCL-TypeC which promise Doppler shift and average delay quasi co-location between the RS of SSB-less SCell and the reference cell should be fulfilled. The RS(s) of SSB-less SCell being activated is (are) QCL-TypeA with TRS(s) of the SSB-less SCell being activated, and the TRS(s) of the SSB-less SCell being activated is (are) further QCL-TypeC with SSB(s) of the reference cell.
Proposal 4: The RS(s) of SSB-less SCell being activated is (are) QCL-TypeA with TRS(s) of the SSB-less SCell being activated, and the TRS(s) of the SSB-less SCell being activated is (are) further QCL-TypeC with SSB(s) of the reference cell.
Performant evaluation for feasibility study
It’s obvious that the timing and frequency synchronization will impact the PDSCH/PDCCH demodulation performance, and the frequency separation value impact the timing and frequency synchronization. For different frequency separation, the performance evaluation metrics and the requirement should be different. If there is necessary to do demodulation performance evaluation, it should be discussed on demod session.
Proposal 5: do not discuss the PDSCH/PDCCH demodulation performance evaluation on RRM session.
SCell activation requirements
For the FR1 SSB-less SCell activation requirements, when current RTD sets conditions, power difference conditions and QCL/TCI indication conditions proposed above are met, the SSB-less SCell activation delay can be further reduced to 3ms.
Proposal 6: For the FR1 SSB-less SCell activation requirements, when current RTD sets conditions, power difference conditions and QCL/TCI indication conditions proposed above are met, the SSB-less SCell activation delay can be further reduced to 3ms.
Whether to have L1 measurement on SSB-less SCell
When the SCell is SSB-less SCell, as there is no SSB in this SCell, the measurement for both L1 and L3 should be based on CSI-RS. CSI-RS could be used for DL channel state information acquisition, used for RSRP measurement used during mobility and beam management, and used for frequency/time tracking.
L1 measurements are useful for procedures which must react with minimal delay, e.g. beam management procedures which require the UE to rapidly switch between beams. Measurements are filtered at Layer 1 to help remove the impact of noise and to improve measurement accuracy, but L1 measurement is impacted by the fast fading, such as L1 CSI-RSRP, L1 CSI-SINR, BFD and CQI/PMI/RI, which could not be directly considered as the same value for the SSB-less SCell and the reference cell.
Proposal 7: For the FR1 SSB-less SCell, L1 measurement based on CSI-RS resource is needed and related legacy requirements shall be used. 
Whether to have L3 measurement on SSB-less SCell
L3 measurement are useful for radio resource management decision which require a long term view of channel conditions, such as handover. Measurements are filtered at layer 3 to remove the impact of fast fading and to help reduce short term variations in results. L3 measurements can be either ‘beam level’ or ‘cell level’ which can be reported within an RRC message: Measurement Report (MR). Beam level measurements are generated directly from the L1 measurements by applying L3 filtering, while cell level measurements are derived from the L1 measurements using the certain rules. Thus SSB-less SCell could use the L3 measurement results of its reference cell.
Proposal 8: For the FR1 SSB-less SCell, L3 measurement based on CSI-RS resource is not needed, and SSB-less SCell could use the L3 measurement results of its reference cell.
Intra-band CA
If inter-band CA SSB-less SCell could be supported, the intra-band non-contiguous CA SSB-less SCell should also be supported with no doubt. And the activation delay requirements for inter-band CA SSB-less SCell should also be applied by intra-band non-contiguous CA SSB-less SCell.
Proposal 9: If inter-band CA SSB-less SCell could be supported, the intra-band non-contiguous CA SSB-less SCell should also be supported with no doubt. And the activation delay requirements for inter-band CA SSB-less SCell should also be applied by intra-band non-contiguous CA SSB-less SCell.
UE capability
Currently, FR1 intra-band contiguous CA could support SSB-less SCell with UE capability scellWithoutSSB as below
[image: ]
New capabilities should be specified for intra-band non-contiguous CA and inter-band CA similar as scellWithoutSSB, or current definition of scellWithoutSSB should be extended to support SSB-less SCell for intra-band non-contiguous CA and inter-band CA scenarios.
Proposal 10: New capabilities should be specified for intra-band non-contiguous CA and inter-band CA similar as scellWithoutSSB, or current definition of scellWithoutSSB should be extended to support SSB-less SCell for intra-band non-contiguous CA and inter-band CA scenarios.
3. Conclusion
In this contribution, we provide analysis and views on open issues of SSB-less SCell operation RRM requirements for NR network energy saving. The proposals could be summarized as:
Proposal 1: the definition of different RTD sets could depend partly on the frequency separation range between the bands of SSB-less SCell and the reference cell.
Proposal 2: for a UE using single RF chain, the difference of reception power with the reference cell selected from FR1 inter-band active serving cells is within 6dB; for a UE using dual RF chains, the difference of reception power with the reference cell selected from FR1 inter-band active serving cells is within 6dB+Y, the value of Y is TBD.
Proposal 3: for the SSB-less SCell to be activated, a reference cell should be selected from PCell and activating SCell(s) with SSB, and the reference cell selection criteria should be defined.
Proposal 4: The RS(s) of SSB-less SCell being activated is (are) QCL-TypeA with TRS(s) of the SSB-less SCell being activated, and the TRS(s) of the SSB-less SCell being activated is (are) further QCL-TypeC with SSB(s) of the reference cell.
Proposal 5: do not discuss the PDSCH/PDCCH demodulation performance evaluation on RRM session.
Proposal 6: For the FR1 SSB-less SCell activation requirements, when current RTD sets conditions, power difference conditions and QCL/TCI indication conditions proposed above are met, the SSB-less SCell activation delay can be further reduced to 3ms.
Proposal 7: For the FR1 SSB-less SCell, L1 measurement based on CSI-RS resource is needed and related legacy requirements shall be used. 
Proposal 8: For the FR1 SSB-less SCell, L3 measurement based on CSI-RS resource is not needed, and SSB-less SCell could use the L3 measurement results of its reference cell.
Proposal 9: If inter-band CA SSB-less SCell could be supported, the intra-band non-contiguous CA SSB-less SCell should also be supported with no doubt. And the activation delay requirements for inter-band CA SSB-less SCell should also be applied by intra-band non-contiguous CA SSB-less SCell.
Proposal 10: New capabilities should be specified for intra-band non-contiguous CA and inter-band CA similar as scellWithoutSSB, or current definition of scellWithoutSSB should be extended to support SSB-less SCell for intra-band non-contiguous CA and inter-band CA scenarios.
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