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1 Introduction
In RAN WG1 #110 meeting, there were discussions about potential network energy saving techniques. The following were captured in Chairman’s notes [1].
	· Companies are encouraged to review the summary of description of potential techniques of the moderator summary in Section 3 of R1-2208185. It should be noted that the description of the techniques are a draft and additional updates and modification of the description are expected.

· Based on the summary, companies are encouraged to work further to formulate description of potential network energy techniques to be eventually captured into the SI TR.




In this contribution, potential network energy saving techniques are further discussed.
2 Network energy saving techniques
2.1 Spatial domain

During low or medium load scenarios, the number of active gNB transmit chains can be reduced to effectively reduce the energy consumption of the Radio Unit. Depending on the TXRU-to-transmit chain mapping, two possible scenarios are:
· All TXRUs mapped to a port are turned off: In this case, the number of ports changes. CSI configurations are not valid anymore.
· Some of the TXRUs mapped to a port are turned off: In this case, the number of ports may not change. However, measurements are impacted.
To optimize transmission, we believe UE assistance information is necessary. For example, for beam steering, mobility status of a UE may be useful for preparing to change antenna array configuration from one for low mobility to one for high mobility.
UE assistance information may be based on UE probing. A UE may be polled by the gNB to provide multiple CSI reports according to different spatial arrangements (e.g., when all ports are on vs some ports are off). Based on the feedback, the gNB may optimize its transmission in the spatial domain, for example towards those UEs that are expected to experience degradation (e.g., coverage loss mitigation techniques can be considered for some UEs). 
Proposal 1: Support UE CSI reports for different CSI configurations.
2.2 Time domain
One of the promising techniques is to put the gNB in a sleep mode when the cell load conditions permit. The following sleep modes can be considered:
Sleep mode 1 (SM1): Micro sleep: Several RF components such as PAS, LNAs can be turned off in this state. The duration of this state can be in the order of OFDM symbols. This state can be transparent to the UE and the gNB scheduler can implement within a slot.
Sleep mode 2 (SM2): Light sleep: PAs, LNAs, Tx/Rx chains and FPGAs can be turned off in this state. The duration of this state can in the order of 5+ ms.
Sleep mode 3 (SM3): Deep sleep: Most components can be turned off in this state and its duration can be in the order of 50+ ms. 

SM1 is transparent to the UE but the UE should be aware of when the gNB will be in SM2 or SM3 so that it can also implement power saving techniques; for example, the UE can also enter a sleep state. To achieve this, the gNB should indicate to the UE the sleep state the gNB is expected to enter.
Proposal 2: Sleep mode of the gNB should be indicated to the UE.

2.3 Frequency domain

One approach to improve energy efficiency is to reduce common signals/channels transmitted in Scells. Transmission of fewer signals in Scells can provide a longer sleep time. For example, SSBs/SI/paging may be transmitted on the Pcell only. 

Proposal 3: Consider techniques to reduce common signals/channels in Scells.
2.4 Wake-up signal
Wake-up signal (WUS) was specified for the purpose of UE power consumption reduction in Rel-16. Similar approach can be considered for network energy saving: gNB can come out of a power saving mode (e.g., from a sleep state) upon reception of a WUS.
In order to realize efficient power reduction at gNB, WUS resource setting should be considered with necessary transient time at gNB from idle/dormant state to active mode. The transient time depends on which level the gNB components are turned off. In case of light sleep, less transient time is expected. However, in case of deep sleep mode, it takes more time to be activate the gNB components. Such hardware restriction should be taken into consideration in the study.

Proposal 4: Consider wake-up signal for gNB activation.
3 Conclusion
In this contribution, we have discussed potential network energy saving techniques with the following proposals:
Proposal 1: Support UE CSI reports for different CSI configurations.
Proposal 2: Sleep mode of the gNB should be indicated to the UE.

Proposal 3: Consider techniques to reduce common signals/channels in Scells.
Proposal 4: Consider wake-up signal for gNB activation.
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