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1 Introduction

In this contribution, we discuss some candidate techniques for network energy saving.
2 Discussion
2.1 Dynamic on-off
Different levels of on-off scheme, such as cell on-off/ beam on-off are proposed by companies for small cell deployment and multi-beam deployment, when traffic load is empty or low. It is obvious that dynamic on-off scheme based on a scheduling/offloading algorithm adjusting to real-time traffic is beneficial for energy saving. 
For dynamic cell on-off, its impact on both RRC-idle UE and RRC-connect UE should be considered. For RRC-idle UE, if a cell gets to off mode suddenly, and the UE under this cell does not know the cell is going to off, and still anchor in this cell, then the UE has to, after finding itself fall out of coverage, search for another cell. And this process would cause an interruption and extra energy consumption for the UE, and during this interruption duration, UE may loss paging from the network. For RRC connected UE, If the cell switch between on and off too frequently and also with some UEs under its coverage, that will cause the UE to do lots of unnecessary handover. How to reduce the interruption duration for RRC-idle UE and avoid unnecessary handover or simplify the handover procedure for RRC-connected UE should be studied. For example, to reduce the interruption time, a cell intended to go off can broadcast in advance that it will go off soon, so that the RRC-idle UEs can reselect another cell as soon as possible.
Proposal 1: For dynamic cell on-off, how to reduce the interruption duration for RRC-idle UE and avoid unnecessary handover or simplify the handover procedure for RRC-connected UE should be studied.
For dynamic beam on-off, it will actually cause the related reference signal to be turned on and off dynamically, and will have impact on the measurement for radio link monitoring/ beam failure detection/ beam selection and recovery/CSI and radio resource management. For example, if the measure duration have overlapping with the off duration of the reference signals, the measureable occasion would be reduced to let UE do accurate evaluation. So all the related measurement should be enhanced considering dynamic beam on-off.
Proposal 2: The measurement for RLM/ BFD/ beam selection and recovery/CSI /RRM should be enhanced considering dynamic beam on-off.
2.2 Flexible adjusting for DL reference signal transmission 
Another possible technique to reduce energy consumption is to reduce some unnecessary DL reference signal transmission. For example, for a dormant scell, UE has to still measure the CSI-RS related to beam management/beam failure detection and report the measurement results just the same as the cell in active state. However, since there is no DL/UL traffic running on the dormant scell, such frequently measure and report for CSI-RS may not be necessary. A possible enhancement is to reduce the transmission of beam management/beam failure detection related CSI-RS for dormant scell.
Another example is for radio link monitoring/beam failure detection process, the current spec requires the related CSI-RS has to be periodic. Consider a small cell scenario, if there are only two UEs under the cell’s service, one UE is at the cell center and the other one is at the cell edge. The two UEs may be configured with the same CSI-RS configuration to save resource overhead form gNB’s perspective. And the configured CSI-RS may has relatively short periodicity/high transmission power to guarantee RLM/BFD performance for the cell edge UE. And if the cell edge UE leave the cell, the configured CSI-RS will only be used by the cell center UE, so the CSI-RS can be adjusted to a relatively longer periodicity and lower transmission power. The adjusting can be realized by RRC reconfiguration process, which is resource and energy consuming. A possible enhancement is to activate another CSI-RS configuration for RLM/BFD by a more dynamic way. As an example, a semi-static CSI-RS can be additionally configured for RLM/BFD for the cell center UE, and the configured semi-static CSI-RS can be activated by gNB dynamically 
Proposal 3: Reducing unnecessary DL reference signal transmission for dormant cell can be studied for energy saving.
Proposal 4: Flexibly adjusting CSI-RS for RLM/BFD can be studied.
2.3 Reduced broadcast transmission. 
For empty/low traffic load scenario, a large part of energy is cost on broadcast information, i.e. SSB/system information and its scheduling DCI. And consider a multi-beam deployment, broadcast can be even more energy consuming. Reducing the unnecessary broadcast information is an important approach for gNB’s energy saving.
One possible enhancement is about NCD-SSB. Since NCD-SSB is only configured for measurement instead of cell access, there is no need to transmit PBCH in the SSB, only PSS/SSS is enough for measurement.

Proposal 5: Enhancement for NCD-SSB to reduce or avoid PBCH transmission can be studied.
A second possible enhancement is to reduce Type #0 CSS transmission. Currently, the periodicity of Type #0 CSS is fixed as 20ms (for SSB/CORESET0 multiplexing pattern1) or the same as the periodicity of SSB(for SSB/CORESET0 multiplexing pattern2/3). For initial access and synchronization, typically UE has to monitor 3~5 SSBs to get a fine synchronization and after acquiring synchronization, the UE will be able to decode DCI in Type #0 CSS transmission and the scheduled SIB1. Take SSB/CORESET0 multiplexing pattern2/3 as an example, If the UE has to monitor 3 SSBs(SSB1~3) to get synchronization, that means only the Type #0 CSS associated to SSB 3 will be monitored, and  Type #0 CSS associated to SSB 1/2 will be transmitted in vain. So averagely, the actually needed Type #0 CSS periodicity is 3*SSB periodicity. From the above example, we can see that the transmission of Type #0 CSS transmission does not need to be as frequent as SSB, and reduced Type #0 CSS transmission is possible.

Observation 1：Type #0 CSS transmission does not need to be as frequent as SSB.

Proposal 6: Reduced Type #0 CSS transmission can be studied.
A third enhancement is reduced SI transmission if the SI is requested by UE. In current spec, a connected UE can request a target SIB(SIB 12/13/14) by dedicated RRC signaling, and gNB can broadcast the SI containing the SIB as response. Possible enhancements include only transmit the requested SI in the direction where the requesting UE located, or only broadcast the requested SIB instead of the whole SI, or, if UE request multiple SIs, the multiple SIs can be transmitted in a single SI window to reduce network transmitting time.
Proposal 7: Reduced transmission for UE request SI can be studied.
3 Conclusions

In this contribution, we propose the followings:
Proposal 1: For dynamic cell on-off, how to reduce the interruption duration for RRC-idle UE and avoid unnecessary handover or simplify the handover procedure for RRC-connected UE should be studied.

Proposal 2: The measurement for RLM/ BFD/ beam selection and recovery/CSI /RRM should be enhanced considering dynamic beam on-off.
Proposal 3: Reducing unnecessary DL reference signal transmission for dormant cell can be studied for energy saving.

Proposal 4: Flexibly adjusting CSI-RS for RLM/BFD can be studied.
Proposal 5: Enhancement for NCD-SSB to reduce or avoid PBCH transmission can be studied.
Observation 1：Type #0 CSS transmission does not need to be as frequent as SSB.

Proposal 6: Reduced Type #0 CSS transmission can be studied.
Proposal 7: Reduced transmission for UE request SI can be studied.
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