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1   Introduction
Network energy saving is an important function to respond to climate change through eco-friendly energy utilization policy and to reduce operating costs of mobile communication networks. The Rel-18 SI “Study on network energy savings for NR” document is the following RAN2 related objectives [1]:
[image: image1.png]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:

e 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]

o Information exchange/coordination over network interfaces [RAN3]

Note: Other techniques are not precluded





2   Discussion

The gNB should be able to provide a variety of services in a wide coverage area while supporting a very high data rate in a hot spot where the UEs are dense by using a high frequency band and wide bandwidths. Even when traffic packets are not transmitted and received, the gNB should have to continuously consume energy to maintain essential functions for the radio access of the UE.
In NR, the dormant BWP function of the SCell and the switch-off function of the booster node can be referred to as the energy saving function on the network side. The dormant BWP feature is limited to the UE in RRC_CONNECTED state only. Also, the ability to switch off the booster nodes that are no longer needed may not be sufficient to achieve efficient network energy savings.
According to TS38.300[2], the switch-off function allows an NG-RAN node that owns a capacity booster cell to autonomously decide to switch-off such cell to lower energy consumption (inactive state). The decision is typically based on cell load information, consistently with configured information. The switch-off decision may also be taken by O&M. The NG-RAN node may initiate handover actions in order to off-load the cell being switched off and may indicate the reason for handover with an appropriate cause value to support the target node in taking subsequent actions, e.g. when selecting the target cell for subsequent handovers. For the switch-off function, the configuration information required for O&M must include the ability of the NG-RAN node to perform autonomous cell switch-off and request reactivation of a configured list of inactive cells owned by the peer NG-RAN node.
In the discussion of Rel-18 NES SI, the coverage hole due to the newly introduced NES function should not occur, and the legacy UE should be able to access the gNB to which Rel-18 NES function is applied. Energy saving of the gNB may increase the power consumption of the UE. Therefore, the new NES function should minimize the impact on UE power consumption.
Proposal 1: New features for NES should have minimal impact on UE power consumption.
Switching off the booster node located at cell boundary may increase the transmission power of the primary node, which has to guarantee the service area without a coverage hole, so it is difficult to expect the energy saving effects. The newly introduced NES function should provide improved performance compared to the legacy switching off in terms of energy saving and reactivation procedure.
Even if there is no UE in RRC_CONNECTED state, the gNB may transmit SSB, SIB1, other SI or paging message using the initial BWP. In particular, SSBs (PSS/SSS and MIB) are always transmitted and occupy a large part of energy consumption of the gNBs. In addition, even when the load status of the gNB is low, considerable energy is consumed according to the application of the massive MIMO function. Rel-18 NES functions may consider reducing the TR/RX chain of the gNB or limiting the transmission of always-on signals when the gNB is very low load conditions.
For the NES, discontinuous transmission (DTX) operation of gNB similar to DRX function of the UE may be considered as one of the NES techniques. The gNB DTX operation may increase the access latency and power consumption of the UE. If the DTX operating gNB continues to perform the receive operation, the disadvantage of latency can be compensated. Since the power consumption of receiver is smaller than that of transmitter, the benefit of reducing the power consumption of the DTX gNB may be greater despite the disadvantage affecting some UEs. 
However, the triggering conditions for the gNB DTX operation should be carefully defined. When a certain condition is satisfied after redirecting the serving UEs when the load status is extremely low, the DTX operation of the gNB should be performed. The gNB performing DTX operation may transmit essential information such as SSB or SIB1 in DTX on-duration according to DTX cycle, and turns off the transmission functions including baseband operations in the transmission off times.
The DTX configuration information of the booster node may be delivered to the UE in RRC_CONNECTED state using a dedicated control message from the PCell. The UE in RRC_INACTIVE or RRC_IDLE state may obtain DTX configuration information from system information of a neighbouring cell or may obtain from a last serving cell. Alternatively, new access of the UE to the gNB performing DTX operation may be restricted.
The DTX operation may be applied on a cell or TRP basis. In addition, the DTX operation may be performed by the determination of the network side without additional feedback or assistance information from the UE.
Proposal 2: To discuss the DTX function of the gNB as a candidate technology for NES.
3   Conclusion
This document suggests to adopt the following proposals.
Proposal 1: New features for NES should have minimal impact on UE power consumption.
Proposal 2: To discuss the DTX function of the gNB as a candidate technology for NES.
4   Reference
[1] RP-221443 Revised SI: Study on network energy savings for NR (Huawei)
[2] 3GPP TS38.300: NR and NG-RAN Overall Description; Stage 2
3GPP


