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1. Introduction
The new Rel-18 SI of network energy saving NR was approved in RAN#94e [1], and the following objectives are included.
	1.	Definition of a base station energy consumption model [RAN1]
•	Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.

2.	Definition of an evaluation methodology and KPIs [RAN1]
•	The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how.

3.	Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
•	How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
•	Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded



In this contribution, we focus on the potential network energy saving techniques.
2. Considerations on potential techniques 
2.1 Potential techniques in time domain
In last meeting, the techniques in time domain are categorized into 5 items [2]. Adaptation of common signals and channels is to reduce the energy consumption when the network load is relatively low. If simply reduce the common signals & channels, the network performance may be influenced. When there is few UE in the network, reduce the energy consumption of SSB is one of the most effective methods. First, the maximum periodicity of SSB can be longer. In the current specs, the longest period of SSB can be 160ms, but for the initial access procedure, the period should be no longer than 20ms, otherwise the UEs may can’t detect the signals successfully. However, in such cases that the UE is less likely to initial access to the network, the longer periodicity can save more energy.  
Proposal 1:  
Longer periodicity of SSB/SIB(e.g. 320ms) should be supported for BS energy saving.
For further saving the energy and impacting the UE performance less, even the on-demand SSB can be considered. The SSB is transmitted only when the UE has the demand of RACH, so that there is no additional energy consumption for transmitting the useless SSB. The longer periodicity and on-demand SSB can be extremely helpful for the SSB-less case in CA. The traditional periodic SSB is needed only in one carrier, while  long periodicity SSB can be configured for the other carrier. can be To support the on-demand, WUS is needed to active the BS to transmit the SSB. however, if the WUS for the BS is supported, then the WUS can be reused in the on-demand SSB, both for the initial access UEs and the UEs in RRC_CONNECTED state,. 
Observation 1:  
If the WUS for gNB is supported, the on-demand SSB can be supported with less additional impact at the same time.
Proposal 2:  
On demand SSB should be supported for BS energy saving, especially if WUS for gNB is supported .
Besides, the mechanism of self-adaptation SSB can be considered, which can balance the performance and energy consumption at the same time. For example, the cycle of short and long SSB periodicity can be configured alternately. With long period, the energy consumption can be reduced; with the short period, the success of procedure such as initial access can be guaranteed. The ratio of long and short SSB periodicity can be self-adapted to the current network.  
Proposal 3: 
The self-adapted configuration of SSB periodicity should be supported for BS energy saving.
With symbol-level switching off the TRX, the energy consumption can be reduced effectively for low load network with nearly no impact on performance. However, the transition time is needed for PA when switching-off the TRX, the symbol-level switching on-off frequently can lead to the latency, which may have influence on the network performance. To achieve the more efficient dynamic symbol on-off, we proposed Rel-18 to support a semi-persistent method of TRX symbol on-off. Several symbol on-off patterns can be pre-configured, then be triggered by the UE with UCI or MAC CE or self-adapted adjusted by the gNB when the traffic load is low. With this mechanism, the symbol switch on-off can be more efficiently. What’s more, for further enhance the efficiency of the symbol-level switching off of the TRX, a 2-step mechanism can be considered. Only few pre-configured patterns be defined, so that the gNB can be triggered more quickly. Then the network and UE can further evaluate the network performance, decided and send the exact symbol-level switch-off patterns to gNB for better performance.
Proposal 4:
The 2-step semi-persistent symbol switch on-off should be supported in Rel-18. 
2.2 Potential techniques in frequency domain
The SSB-less intra-band CA has been supported in the current specs, the Scells without SSB in inter-band CA should also be supported in Rel-18. Two methods can be considered for achieving the SSB-less in inter-band CA. Alt1 is only transmitting the SSB in the Pcell, and the SIB1 information of the Scell can be included in the SSB of the Pcell, when the UE is working on the Scell at the same time, the UE can look up the related information in the SSB of Scell. In such method, the UE can connect to both cell and the energy consumption can be reduced since there is no SSB transmitted in the Scell. How to indicate the SIB1 of two cells in one SSB may need further discussed in the mechanism, which may have impacts on the specs.

Alt2 is to combine with the on-demand SSB. The SSB won’t be transmitted in the Scell unless the UE detects the SSB in Pcell and then send the WUS to trigger the SSB in Pcell. With this method, there is no need to modify the SIB1 in SSB of Pcell, but extra latency will be generated since UE need to wait for Scell transmitting the SSB. We are fine with both methods, but since there is less specs impacts in Alt2 if on-demand SSB is supported in Rel-18, we slightly prefer the Alt2 for the SSB-less of Scells in inter-band CA.
Proposal 5:
The Scells without SSB in inter-band CA should be supported in Rel-18.
· FFS: Which bands are feasible and the related UE requirements. 
· FFS: the details of mechanism.
2.3 Potential techniques in spatial domain
According to the test results in current work, by switching off the TRX from 64T to 32T, the energy consumption can be reduced effectively, especially for medium load network. However, the cell throughput descends about 15%-20% at the same time, which need to be further enhanced. For maintaining the better performance when saving the energy, the CSI reporting can be enhanced so that the channel can be better measured and deciding whether the TRX can be switch off and how to switch off the TRX can bring better performance. 
Proposal 6:  
The CSI reporting should be enhanced for better deciding the TRX switch on-off.

Besides, the TRX can be self-adapted switch-off with the reference of the PMI. In the large scale MIMO , some elements in the precoding matrix of the antenna can be very small or nearly zero. In such case the amplitudes of antenna ports mapped to the elements are also very small. The gNB can select to turn off such ports so that the energy can be saved and the influence on the performance can be as little as possible. 
Proposal 7:  
The network can consider self-adapted switch-off the TRX with the reference of PMI.

Besides, when switching off the TRX, the configured CSI-RS may not be suitable since the antenna ports have changed. Therefore, it is necessary to configure the CSI-RS if the TRX switch off is adopted. The CSI-RS should be configured adapted to the variation of the number of antenna ports. The procedure can be done by completed re-configure the CSI-RS or just set the related CSI-RS of the switched-off TRX to zero.
Proposal 8:  
The CSI-RS should be reconfigured when the TRX switch off is adopted.

3. Conclusion
In this paper, China Telecom’s views on the issues for network energy saving techniques are given.
Proposal 1: 
Longer periodicity of SSB/SIB(e.g. 320ms) should be supported for BS energy saving.
Proposal 2: 
On demand SSB should be supported for BS energy saving, especially if WUS for gNB is supported 
Proposal 3: 
The self-adapted configuration of SSB periodicity should be supported for BS energy saving.
Proposal 4: 
The 2-step semi-persistent symbol switch on-off can be supported in Rel-18.
Proposal 5:
The Scells without SSB in inter-band CA should be supported in Rel-18.
•	FFS: Which bands are feasible and the related UE requirements. 
•	FFS: the details of mechanism.
Proposal 6: 
The CSI reporting should be enhanced for better deciding the TRX switch on-off.
Proposal 7: 
The network can consider self-adapted switch-off the TRX with the reference of PMI.
Proposal 8:  
The CSI-RS should be reconfigured when the TRX switch off is adopted.
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