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Introduction
The study of network energy saving was agreed in [1] and expects the completion of the study in RAN#98.  The study of the network energy saving includes the following objectives,
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.


This paper discussed the conclusion of the network energy saving and the objectives of the potential work item in Rel-18.
  
[bookmark: _Hlk120868788]Outcome of Network Energy Saving Study 
The study of the network energy saving not only focuses on the network energy saving techniques in reducing the power consumption in time, frequency, spatial and power domains but also addresses the impact to the UE network access and the support of legacy UEs.  The impact to the UE network access includes the potential system capacity degradation in user perceived throughput (UPT), UE power consumption, system complexity, handover performance, call drop rate, and initial access performance. 
The study results of the network energy saving show the power saving gain with network energy saving techniques in time, frequency, spatial, and power domains as shown in [2].   The conclusion of the study in [2] summarizes the network energy techniques in time, frequency, spatial, and power domains with wide range of network saving gains and the associated system analysis of specification impact and the support of legacy UEs.  Several network saving techniques were discussed with recommendation of beneficial in standard specification by RAN1 as follows,
· [bookmark: _Hlk120647727]Based on the study and summary, from time and frequency domain, 
· [bookmark: _Hlk120776030]Technique A-4 of adaptation of DTX/DRX, including the alignment of Cell DTX/DRX with UE DRX, is beneficial for network energy savings
· Adaptation/reduction/elimination of common channels/signals (UE WUS can also be considered) in single or multi-carrier operation are beneficial for network energy savings. 
· Based on the study, at least a technique based on C-1 is beneficial for network energy savings, and can be recommended. Technique C-2 also has the potential to provide large network energy saving gain.
· Based on the study, at least a technique based on D-1 is beneficial for network energy savings.
The legacy UE impacts of the aforementioned network saving techniques had been discussed and captured in [2].  In order to support the network access for all UEs, including legacy and Rel-18 UEs, some network energy saving techniques can only operate in the limited deployment scenario, e.g., SCell only for SSB-less cell.   Certain network energy saving techniques reduces the network power consumption with the price of large degradation of user perceived throughput (UPT), e.g., Tx PSD reduction.   Some network energy saving techniques could have the alternative of implementation solution without specification impact.   Thus, the consideration of network energy saving works in Rel-18 should not only consider the network energy saving gain but also the impact of UE network access and the associated performance degradation as well as the increase of gNB and UE complexity.  

Discussion of Network Energy Saving Techniques and the Associated System Impacts

The network energy saving techniques recommended by RAN1 includes the adaptation of DTX/DRX, adaptation of the common channels/signals in single/multi-carrier operation, spatial adaptation of the antenna elements or TRPs, and adaptation of Tx power.   The specification works and the impact to the UE network access should be considered together with the potential network energy saving gain.   Some evaluations results of network energy saving gains were obtained from the simplified procedure and/or ideal assumptions of the network operation.   The proposed network energy saving techniques with simplified procedure or ideal assumptions need to be further investigated to justify the claimed power saving gain.  

Adaptation of DTX/DRX

For network energy saving technique A-4 adaptation of DTX/DRX, the power consumption reduction is that gNB is in sleeping state during the gNB OFF period as shown in Figure 1.  Currently, there are procedures that would allow UE to measure, monitor PDCCH, receive PDSCH, and UL transmission during the DRX OFF when DRX is configured.  The adaptation of DTX/DRX network energy saving work is to provide the explicit indication of gNB DTX/DRX configuration to the UE.   UE would not expect any DL transmission or UL transmission during the gNB DTX/DRX OFF state.   The gNB DTX/DRX configuration could also be extended to the indication among gNB as shown in Figure 1 to allow gNB in the sleep state not only for the Uu interface but also the backhaul interface in the same time.   The addition of backhaul DTX/DRX among the gNBs or between the gNB and the Core Network would maximize the gNB power consumption reduction.   
Since the UE DRX is a UE-specific configuration for each UE, the alignment of UE DRX configuration to the gNB DTX/DRX configuration is the implementation issue.   For the impact to the legacy UE, the gNB could avoid configuring any procedure during the UE DRX OFF for CONNECTED mode UE.   The impact of gNB DTX/DRX to the legacy UE is mainly to the IDLE/Inactive mode UE.  The gNB could mitigate the impact to the IDLE/Inactive UEs  by aligning the gNB DTX and the Paging occasion through gNB implementation.   Thus, the network energy saving techniques by adaptation of DTX/DRX should focus on the procedure of DTX/DRX configuration indication coordinated among UEs and gNBs and  among gNBs to allow gNB in the sleeping state for as long as possible.
[bookmark: _Hlk120983257]Proposal 1:  The network energy saving technique of adaptation of DTX/DRX should be supported with the focus on the procedure and coordination of gNB DTX/DRX configuration in RAN1/RAN2/RAN3


[image: ]
[bookmark: _Ref120969625]Figure 1:  Network Energy Saving techniques of Adaptation of DTX/DRX

Adaptation of Common Channel/Signals

The adaptation of the common channels/signals network energy saving techniques obtains the network energy saving gain by reducing the transmission occasions of DL/UL channels/signals in zero or low system load.  The network energy saving of the common channels/signals, such as SSB/SI/paging/cell common PDCCH, and/or the transmission pattern/availability of uplink random access opportunities is achieved by adapting the transmission pattern which includes the changes of periodicity, time resource locations, and omitting transmission of specific signals/channels.   The adaptation of the transmission pattern of common channels/signals is to reduce the transmission frequency of common channels/signals to assist UE network access in accomplishing network power consumption reduction but increasing the UE network access delay. 
The adaptation of the common channels/signals could lead to completely shut off of the common channels/signals when there is no UE under the cell coverage, which is considered as Cell ON/OFF techniques as shown in Figure 2.  When the common channels/signals are adapted to achieve gNB power consumption reduction, a triggering mechanism and criteria, such as UE moves to under the coverage of an OFF cell or the increase of the traffic, is required for the gNB to transition back to the normal cell operation with normal transmission of common channels/signals.  The triggering mechanism and criteria is important not only for the gNB to achieve energy saving but also provide the network access service to the UE.  The change of the transmission frequency in the DL/UL common channels/signals not only affect the UE network access of the given cell but also the co-channel interference to other cells.   Thus, the triggering of adaptation of common channels/signals should be coordinated among cells.  




[bookmark: _Ref120978570]Figure 2: Cell On/OFF as special case of dynamic adaptation of common channels/signals

There is a proposal of UE transmitting the wakeup signals (UE-WUS) to trigger the adaptation of DL common channels/signals when the gNB reduces the number of transmission occasions of common channels/signals.   The evaluation results of UE-WUS triggering adaptation of DL common channels/signals shows the network energy saving gain based on the assumption of ideal detection of UE WUS signals at the gNB without modeling any interference.   The UE-WUS mechanism is a UE-control of network transmission without coordination among the gNBs in the network.  UE control of the gNB DL transmission is a new concept in 3GPP, which is deviated from network control of resource allocation and transmission.  The UE WUS triggering the transition had several issues to be considered as follows,
· UE sending WUS for the adaptation of DL common channels/signals is assumed to synchronize with another cell other than the cell with reduced frequency of DL common channel/signal transmissions.   The timing and transmission power of UE WUS is not clearly investigated.  The performance of the gNB detection of UE WUS without clearly timing would need to be addressed, which was assumed ideal detection in most of evaluation results.   The impact of the co-channel interference of UE WUS without power control would have impact to other UL channels.   
· The mechanism of triggering UE WUS transmission was not clearly identified during the study.  If the UE is originally served by other cell, the criteria of UE sending UE WUS to the cell in the energy saving state is not clearly addressed during the study.  There are several aspects to be considered for UE sending WUS.
· Whether UE needs to detect/discover the cell in the energy saving state before sending the UE WUS.
· How are the UL resources for UE WUS configured and indicated to the UE?   
· What is the triggering mechanism for UE to send the WUS to the cell in the energy saving state?
· What is the overall delay of the cell in the energy saving state transition to the normal operation state to serve to the UE?  The overall delay including the transition delay, the delay of UE acquisition of the new cell, the handover delay and the link adaptation delay (CSI feedback and scheduling)
· The impact to the legacy UEs were not clearly addressed.   UE WUS triggering cell in the network energy saving state transition to the normal operation does not coordinate with other cells.  The variation of the DL co-channel interference seen by neighboring cells had not been analyzed when the transmission periods of DL common control channels/signals.  The impact to the legacy UEs without any knowledge of dynamic cell adaptation had not been addressed.  
· Most of the evaluation results do not include the gNB energy consumption of the access delay with the ideal WUS detection.   The energy consumption of UE WUS detection was mostly not taking account.   The detection of WUS for UE not synchronizing with the cell would demand long processing time and high energy consumption.   The network energy saving gain of UE WUS triggering adaptation of common channels/signals from most of the evaluation results might be over optimistic.   
The adaptation of common channel/signals should be supported for the network energy saving in single carrier or multi-carriers operation.   The triggering of the common channel/signal adaptation should be coordinated by the gNBs to ensure the coverage, UE network access delay, and system performance.  The UE WUS triggering mechanism should be further investigated for the feasibility and system impact before considering in the network energy saving work. In particular, the UE WUS triggering mechanism is a UE-control of gNB DL transmission without any coordination of gNB coverage and co-channel interference.  
 
[bookmark: _Hlk120983270]Proposal 2:  The adaptation of common channel/signals should be supported for the network energy saving in single carrier or multi-carriers operation.   The triggering of the common channel/signal adaptation should be coordinated by the gNBs to ensure the coverage, UE network access delay, and system performance.  The UE WUS triggering mechanism should be further investigated for the feasibility and system impact before considering in the network energy saving work.  

Adaptation of Spatial Elements and TRPs

[bookmark: _Hlk120981831]The network saving techniques of dynamic adaptation of spatial elements and/or TRPs aims to adapt the spatial elements by turning ON/OFF a number of active transceiver chains, the number of active antenna panels, or the TRP(s) at gNB in transmitting and/or receiving channels and signals.  It has been shown in Rel-10 LTE network energy saving that the turning OFF the transceiver chains would provide the network energy saving gain.  The network energy saving work for the adaptation of spatial elements and TRPs should focuses on the support of link adaptation of dedicated channel with dynamic adaptation of number of antenna ports, such as CSI measurements and reports without any impact to the cell coverage.   The gNB should adjust the Tx power of the common channels, such as SSB and PDCCH, to maintain the same coverage area through implementation when the spatial elements are dynamically adapted.  

Proposal 3:  The network energy saving work for the adaptation of spatial elements and TRPs should focuses on the support of link adaptation of UE-specific channel with dynamic adaptation of number of antenna ports, such as CSI measurements and reports without any impact to the cell coverage.   

Tx Power Adaptation

The network energy saving technique of adapting the transmission power or PSD of downlink signals and channels dynamically based on the radio channel condition in order to achieve the Tx power reduction.  The proposed power adaptation network energy saving technique applies to the DL channels, such PDSCH, CSI-RS, DMRS, broadcast channels/signals (e.g., SSB/SI/paging) would dynamically change the coverage of the respective channel and co-channel interference to neighboring cells.   The dynamic adaptation of Tx power is to have dynamic update of the power offset values between various signals and channels, e.g., CSI-RS to SSB, or PDSCH to CSI-RS, through physical layer signaling.  Although there is no impact to the legacy UEs and UEs that do not support the technique, the cell coverage variation of the dedicated and common channels/signals might have the potential impact to the UE in service degradation or out of service.    In particular with UE mobility, the UE might be in-and-out of cell coverage when the power adaptation does not perfectly follow the radio channel variation caused by UE mobility.  Thus, the network energy saving of Tx power adaptation should focus on the mechanism of maintain the coverage area for the UE and minimize the variation of co-channel interference to the neighboring cells.

[bookmark: _Hlk120983290]Proposal 4:  The network energy saving of Tx power adaptation should focus on the mechanism of maintain the coverage area for the UE and minimize the variation of co-channel interference to the neighboring cells.
[bookmark: _Hlk115249176]
Conclusion 
In this contribution, we have discussed the network energy saving works in Rel-18 after completion of the study.  We have the following proposals for the considerations of the network energy saving objectives.  
· Proposal 1:  The network energy saving technique of adaptation of DTX/DRX should be supported with the focus on the procedure and coordination of gNB DTX/DRX configuration in RAN1/RAN2/RAN3
· Proposal 2:  The adaptation of common channel/signals should be supported for the network energy saving in single carrier or multi-carriers operation.   The triggering of the common channel/signal adaptation should be coordinated by the gNBs to ensure the coverage, UE network access delay, and system performance.  The UE WUS triggering mechanism should be further investigated for the feasibility and system impact before considering in the network energy saving work.  
· Proposal 3:  The network energy saving work for the adaptation of spatial elements and TRPs should focuses on the support of link adaptation of UE-specific channel with dynamic adaptation of number of antenna ports, such as CSI measurements and reports without any impact to the cell coverage.   
· Proposal 4:  The network energy saving of Tx power adaptation should focus on the mechanism of maintain the coverage area for the UE and minimize the variation of co-channel interference to the neighboring cells.
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