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Introduction
In RAN#94, a study item on network energy savings for NR was approved [1].  According to the SID, objectives w.r.t network energy saving techniques are as follows.

	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 present some discussions on network energy saving techniques from RAN1 perspective. 

Discussion
[bookmark: _Ref228947482]Network energy saving is beneficial for both environmental sustainability and OPEX reduction. In this section, we discuss potential network energy saving techniques in time, frequency, spatial and power domains, respectively. We identify some aspects that further study and potentially enhancements are required. 

(1) Time-domain network energy saving techniques

General speaking, the power consumption of a base station is composed of two parts in time domain: the power consumption during no-load period without data transmission or reception and the power consumption during data load period. 
During no-load period, there is no data transmission or reception. The base station can be turned off and go to sleep for certain time duration to save energy consumption. The more components of a base station are turned off, the lower energy consumption can be achieved, but longer time will be required to activate the base station from sleeping. Thus, there is a tradeoff between energy saving gain and UE experience in terms of latency. Depending on the power consumption values and the expected activation time, different sleep modes can be defined. It is expected that some UE assistance information, such as traffic type and time sensitivity, would help the gNB to perform a proper sleep mode to mitigate the impact on UE experience.

Observation 1. During no-load period, base station can go to sleep to save energy consumption, and how to minimize UE experience degradation during sleep requires further study.

Besides, to help UE to access and connect with a cell, the base stations need to broadcast some signals periodically, such as SSB, SIB1 and paging. Here, these signals are called as always-on signals. Since these always-on signals are transmitted periodically, the power consumption of the base station will be reduced if their periodicities are enlarged. However, it will increase the access delay accordingly. Besides, legacy NR devices doing initial cell search assume that the periodicity of SSB is 20 ms. Enlarging SSB transmission periodicity may hinder legacy UEs from accessing the cell. 

Observation 2. Enlarging always-on signal periodicity is a potential way to save network energy consumption, and its impact on cell coverage requires further investigation. 

During the data load period, when the traffic load is low, there is an opportunity to employ potential energy saving techniques to reduce the base station power consumption. For example, the number of CSI-RS symbols can be reduced with wider beams for beam adjustment. Although the achievable data rate is scarified in this case, UE experience degradation might be small if the service does not require high data rate. 

Observation 3. CSI-RS symbols can be reduced to save energy consumption for beam adjustment in the case that high data rates are not required. 

Proposal 1: Study the following time-domain network power saving techniques, considering impact on user experience and cell coverage:
· Network ON/OFF with different sleep modes 
· Always-on signal periodicity adaptation
· Reduced number of CSI-RS symbols for beam adjustment

(2) Frequency domain and power domain network energy saving techniques

In the frequency domain, we can achieve power saving by reducing the number of component carriers (CCs) in carrier aggregation (CA) operation scheme. Similarly, in case of dual connectivity (DC) operation, the number of Scells can be reduced for energy saving. However, these two methods degrade the UE perceived throughput since less spectral resource is available for transmission. To avoid unacceptable performance loss, adaptive CA/DC operation can be implemented according to traffic load and channel condition fluctuation. 
Similarly, the DL transmit power can also be adjusted dynamically for the purpose of power saving with minimum performance loss.

Observation 4. The CA/DC adaptation and transmit power adjustment can be implemented in an adaptive manner to minimize the impact on UE throughput.

For CA operation, always-on signals transmission is required to be performed in each CC in Rel.15 NR. To reduce power consumption, the always-on signal transmissions in some CCs can use larger periodicities or even can be turn off. 

(3) Spatial domain network energy saving techniques
In the spatial domain, some of TRX chains can be switched off for power saving in case of low traffic. The number of active TRX chain can vary in accordance with traffic load and channel condition to obtain a balance between power saving and performance loss. Besides, to guarantee cell coverage, switching off TRX chains cannot be performed for the symbols on which always-on signal is transmitted. Thus, a dynamic TRX ON/OFF manner should be considered. 

Observation 5. Dynamic TRX chain adaptation which takes into account traffic load, channel condition and always-on signal transmission is a potential method to maximize the power saving gains while minimizing the impact on UE experience and cell coverage.

Dynamic TRX chain ON/OFF leads to dynamic change of the antenna configuration, as well as antenna ports. As a result, whether the existing CSI measurement/reporting mechanism can cope with the dynamic adjustment of transmission parameters requires further investigation. 

Proposal 2: Study the following frequency-domain, power-domain and spatial-domain network power saving techniques, considering the trade-off between throughput and power saving gain:
· Dynamic CA/DC adaptation
· Reduced always-on signal transmission in some carriers
· Dynamic DL power control
· Dynamic TRX/antenna port adaptation

Conclusions
In this contribution, we discussed the possible methods to achieve power saving for base station. The following observations and proposals are provided.
Observation 1. During no-load period, base station can go to sleep to save energy consumption, and how to minimize UE experience degradation during sleep requires further study.
Observation 2. Enlarging always-on signal periodicity is a potential way to save network energy consumption, and its impact on cell coverage requires further investigation.  
Observation 3. CSI-RS symbols can be reduced to save energy consumption for beam adjustment in the case that high data rates are not required. 
Proposal 1: Study the following time-domain network power saving techniques, considering impact on user experience and cell coverage:
· Network ON/OFF with different sleep modes 
· Always-on signal periodicity adaptation
· Reduced number of CSI-RS symbols for beam adjustment
Observation 4. The CA/DC adaptation and transmit power adjustment can be implemented in an adaptive manner to minimize the impact on UE throughput.
Observation 5. Dynamic TRX chain adaptation which takes into account traffic load, channel condition and always-on signal transmission is a potential method to maximize the power saving gains while minimizing the impact on UE experience and cell coverage.
Proposal 2: Study the following frequency-domain, power-domain and spatial-domain network power saving techniques, considering the trade-off between throughput and power saving gain:
· Dynamic CA/DC adaptation
· Reduced always-on signal transmission in some carriers
· Dynamic DL power control
· Dynamic TRX/antenna port adaptation
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