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Introduction
The objective of the network energy saving (NWES) study item was captured in SID [1].  
	The objectives of the study are the following:

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

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 
The following example scenarios (mapping between scenarios and network loads is left to the study) including single-carrier and multi-carrier deployments are used as the starting point for discussion on prioritized scenarios for the study. 

The following example scenarios are listed in no particular order.
· Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)
· FR2 beam-based scenarios (note: this scenario can also model small cells)
· Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
· EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency

Note 1: legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.

Note 2: the study of energy savings specifically for IAB is not part of the scope.

The study should coordinate with RAN4 as needed.



In this contribution we provide our view on the NWES SI outcome and provide our suggestion on the way forward.

Discussions
During the study item in RAN1 and RAN2, the energy consumption model was derived which covers two categories referring to different network capabilities. Based on the agreed model, extensive simulations were conducted to evaluate diverse enhancements, where the enhancements can be categorized into time, frequency, spatial and power domain. The simulations covered zero, low and medium load, by assuming single carrier as well as multi-carrier. Both FR1 and FR2 were considered in the evaluation. The evaluation observations are agreed in [2] and are further captured in TR 38.864. Therefore, the study item provides a quite complete evaluation and it is fully in line with the SID scope. 
Observation 1: the SI outcome captured in TR 38.864 provides a complete analysis and fully align with the SID scope. 

According to the agreed evaluation observations [2], the enhancements are in four directions, i.e. time domain, frequency domain, spatial domain and power domain. 
Time domain network energy saving
[bookmark: _Hlk119645122]It was evaluated by multiple companies the enhancement on  potential network DTX/DRX, which provides mechanisms informing UE whether the cell stays inactive. During a cell DTX/DRX, the cell may have no transmission/reception or only keep limited transmission/reception. For example, the cell does not need to transmit or receive some periodic signals/channels, such as common channels/signals or UE specific signals/channels. In addition, multiple network DTX/DRX configurations may be further studied if multiple network power saving modes apply. The schemes were evaluated by multiple companies. Based on RAN1 agreed evaluation observations, majority companies observed 14.4%~71.4% network energy saving gain. 

Proposal 1: R18 NWES normative work supports network DTX/DRX operation.

Furthermore, when the network stays in an energy saving status, RAN1 also considers to allow UE to 
to send an uplink wake-up signal (WUS) to request transitioning of a cell from no or reduced transmission/reception activity to active transmission or reception of a channel/signal. With the support of WUS, the gNB might be inactive (e.g., where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals). A gNB can transit to become active for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE. The technique can be applied to UEs in one or more RRC states.  The energy saving gain has been evaluated by multiple companies and the observation indicates that the gain may be significant depending on the WUS periodicity. Longer period leads to higher energy saving gain. Moreover, when gNB enters to an energy saving status。 

Proposal 2: R18 NWES normative work supports UE transmitting WUS to wake up gNB from energy saving status.

For the idle/inactive UE, RAN2 has also discussed the aspects of cell (re)selection to the NES cell. In RAN2’s understanding, in some cases, the network should have an enhanced bar mechanism to prevent the legacy UE from accessing an NES cell. In other cases, both the legacy UE and the NES-capable UE are allowed to access an NES cell. For this case, an enhanced cell (re)selection mechanism can be further discussed in WI to guarantee the legacy UE performance and support different handling for different UE types.

Proposal 3: R18 NWES normative work supports different cell (re)selection handling in the presence of NES cells for the legacy UE and NES-capable UE.

[bookmark: _Hlk120636996]For the connected UE, the candidate target cell or the source cell can be the NES cell. To avoid the NES-capable UE selecting an NES cell as the target cell or enable UE to leave the NES cell as fast as possible, RAN2 considers the handover of the NES-capable UEs faster by enhancing the CHO framework. If the case is the source cell turns to the NES mode, the handover of a group of UE together may reduce the RRC reconfiguration signalling overhead and guarantee the source cell goes to NES mode ASAP.  

Proposal 4: R18 NWES normative work supports enhancing the CHO framework for faster handover of the NES-capable UEs. For the source cell turns to the NES mode, the handover of a group of UE can be considered.

Frequency domain network energy saving
During the study phase, RAN1 also conducted simulation evaluations on BWP adaptation. According to the agreed simulation observations, the BWP adaptation provides marginal gain and sometime even negative gain. Due to the lack of motivations, we suggest that frequency domain enhancement is not considered in this release. 

Proposal 5: Frequency domain enhancement is not considered in this release. 
Spatial domain network energy saving
Spatial elements, such as the number of active transceiver chains or the number of active antenna panels at gNB in transmitting and/or receiving channels and signals, adaptation was evaluated by twelve companies and all observed energy saving gain and the gain appears in all load cases and with or without UE C-DRX configuration. On the other hand, for a NES cell, the need for adapting the spatial elements may not be dynamic for example in the case when the network identifies the load level remains low/medirum for a period of time. Thus, with the current specification, the system may still reconfigure different spatial parameter settings, achieving a similar goal. With this reasoning, we suggest not to further enhance the spatial domain in this release.  

Proposal 6: Spatial domain enhancement is not considered in this release. 
Power domain network energy saving
Dynamic transmit power adaptation was evaluated during the study phase and it was motivated by the use case that the gNB may dynamically adapt the TXRU structure by switching on/off some of the TXRU chains. However, the transmit power adaptation for the purpose of network energy saving is more possible to be performed for a long period of time. Thus, a semi-static RRC reconfiguration supported by the current specification should already be applied to achieve a similar goal. Thus, we suggest that power domain enhancement is not considered in this release.  

Proposal 7: Power domain enhancement is not considered in this release. 
[bookmark: _GoBack]
Conclusion
In this contribution, we discussed on potential WID scope for NWES enhancements for NR NTN. Based on the above discussion, we have the following proposals. 
Observation 1: the SI outcome captured in TR 38.864 provides a complete analysis and fully align with the SID scope. 

Proposal 1: R18 NWES normative work supports network DTX/DRX operation.
Proposal 2: R18 NWES normative work supports UE triggering WUS to wake up gNB from energy saving status.
Proposal 3: R18 NWES normative work supports different cell (re)selection handling in the presence of NES cells for the legacy UE and NES-capable UE.
Proposal 4: R18 NWES normative work supports enhancing the CHO framework for faster handover of the NES-capable UEs. For the source cell turns to the NES mode, the handover of a group of UE can be considered.
Proposal 5: Frequency domain enhancement is not considered in this release. 
Proposal 6: Spatial domain enhancement is not considered in this release. 
Proposal 7: Power domain enhancement is not considered in this release. 
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