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Introduction
The study of network energy saving was agreed in [1] and completed in RAN#98.  The WI of the network energy saving expects to complete in December 2023 with the following objectives.
1. [bookmark: _Hlk136258579]Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

2. [bookmark: _Hlk136240528]Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
3. [bookmark: _Hlk136256959]Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements

4. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].

7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]

This paper discusses the network energy saving in Rel-18 and the objectives of the potential work item in Rel-19.
  
[bookmark: _Hlk120868788]Study Results and Rel-18 WID of Network Energy Saving 
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.
[bookmark: _Hlk136256913]The technique A-4 adaptation of DTX/DRX has been included in Rel-18 Network Energy Saving WID [1] with the objective “Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX”.   The cell DTX/DRX configuration and L1 signaling for activation/deactivation had been discussed and agreed with a list of physical channels/signals UE not expected to receive and transmit during inactive time of cell DTX/DRX.   
The spatial domain adaptation network energy saving techniques C1 is also included in in Rel-18 Network Energy Saving WID [1] with the objective “Specify the following techniques in spatial and power domains”
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains)
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS
· Note: Above objectives are only for UE specific channels/signals
The CSI-RS resource configuration and CSI report enhancements for spatial and time domain adaptation for different type of antenna pattern had been discussed with the agreements in general framework and details.   
The feasibility of the SSB-less SCell operation for inter-band CA for FR1 and co-located cells had been studied in RAN4 with preliminary conclusion.
The additional network energy saving techniques could have the alternative of implementation solution without specification impact.   Thus, the consideration of network energy saving enhancement works in Rel-19 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 for Rel-19 Network Energy Saving Enhancement
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 cell DTX/DRX and spatial domain adaptations had been included in Rel-18 WID [1].  The additional specification works of network energy saving enhancements in Rel-19 and the impact to the UE network access had been discussed in RAN#101 and 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.   The draft objectives in the following in the RAN chairman’s package in [6] is a good starting point after intensive offline discussion in RAN#102.   
· On-demand SSB transmission ([and possibly other DL signals]) for Scell for connected UEs
· Possible triggering methods (e.g., UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling, etc.)
· Whether to target the design of a simplified SSB
· On-demand SIB1/[SSB] transmission for idle UEs 
· Possible triggering methods (e.g., UE uplink wake-up-signal using an existing signal/channel, cell on/off indication via backhaul, Scell activation/deactivation signaling, etc.)
· Whether to target the design of a simplified SSB
· Other topics? 

The additional objectives proposed by companies were listed in [6] for further objectives in Rel-19 as follows,
· SSB]/SIB1-less operation in multi-carrier scenario for (documented in TR38.864)
· [SSB]/SIB1-less for non-anchor NES cell for UEs in IDLE/INACTIVE state, where it is assumed that another carrier (an anchor cell) is available for the UE
· Adaptation of common signal/channel transmissions (documented in TR38.864)
· Specify Cell DRX/DTX for UEs in idle/inactive modes (as an extension of Rel-18 cell DRX/DTX) 
· Multi-TRP adaptation mechanisms
· UE group-common or cell-specific BWP configuration, adaptation and/or switching.
· Group cell switch
· Power domains studied in R18 (techniques D-2 ~ D-5)
· Low-power SSB/SIB1/Paging
· Extension of spatial and power domain techniques in 1) high load scenarios 2) Type-II codebook types
· Semi-static beam-specific broadcast channel configuration
· Scenario 2a for SSB-less
· It was also mentioned that some proposals for multi-carrier enhancements may be beneficial for network energy savings (e.g. cross-carrier HARQ, fast DL carrier switch, multi-carrier CSI)
· Extensions to network-controlled repeaters (NCR), e.g. backhaul/control link behavior for efficient interaction between NES-capable gNB and associated NCR, to consider the case where the gNB would operate with S/P-domain adaptation or cell DTX/DRX adaptation for NW energy saving
In this paper we analyze the network energy saving techniques and proposal for Rel-19 network energy saving enhancement based on the proposed objectives from [6].  

Adaptation of Common Channel/Signals
The adaptation of the common channels/signals obtains the network energy saving gain by reducing the transmission occasions of DL/UL channels/signals in different 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 1.  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 in the neighborhood.  




[bookmark: _Ref120978570]Figure 1: 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 an UE-control of network transmission without coordination among the gNBs in the network.  The 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 UE-WUS transmission to trigger on-demand SSB and DL common control channels could only be done by Rel-19 UEs.   When the initial deployment of on-demand SSB, the large population of legacy UEs (Rel-15 to Rel-18 UEs), the on-demand SSB triggered mechanism of UE-WUS would not be able to used most of time.  Thus, the on-demand SSB would need to wait till most of UEs are Rel-19 and beyond.  
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: _Hlk136258979][bookmark: _Hlk120983270]Proposal 1:  The adaptation of common channel/signals should be the candidate scheme for the network energy saving enhancement in Rel-19 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 triggering mechanism of on-demand transmission of DL common control channels/signals should take into large population of legacy UEs in the system.   The UE WUS triggering mechanism should be further investigated for the feasibility and system impact before considering in the network energy saving work.  

[bookmark: _Hlk136259007]Proposal 2: The adaptation of common control channels/Signals should include the transmission of the DL channels
· SSB
· PDCCH with common search space for SI, paging, RACH procedure
· RS for RLM/RRM and mobility management
[bookmark: _Hlk136259031]Proposal 3:  The dynamic channel/signals adaptation in support of Cell ON/OFF in PCell and multi-carrier should include the following area,
· On-demand SSB/RS transmission triggering Cell ON/OFF 
· Network assisted Cell ON/OFF
· Dynamic Cell ON/OFF for multi-carrier operation

Adaptation of Spatial Elements in multiple TRPs
[bookmark: _Hlk120981831]The network saving techniques of dynamic adaptation of spatial elements for multple TRPs aims to adapt the spatial elements by turning ON/OFF a number of 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 with multiple 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, in multi-TRP configuration.   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.  

[bookmark: _Hlk136259067]Proposal 4:  The network energy saving enhancement in Rel-19 for the adaptation of TRP(s) in multi-TRP configuration 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.   
[bookmark: _Hlk115249176]Rel-18 RAN3 leftovers
· Cell DTX/DRX information exchange
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to working item objectives in Rel-18 NES, “Cell DTX/DRX information exchange between gNBs” was assumed to be specified. RAN3 has discussed this topic including the interaction between gNB-CU and gNB-DU for Cell DTX/DRX configuration in Rel-18. However, it has not been completed in time for different understandings among companies on Cell DTX/DRX information exchange between gNBs. Thus, Cell DTX/DRX information exchange between NG-RAN nodes considering the split gNB architecture can be assumed as the leftover of Rel-18 and therefore worth to be included in Rel-19 NES scope. Otherwise, the Cell DTX/DRX feature for connected UEs cannot be supported appropriately.
Proposal 5: Support Cell DTX/DRX information exchange for connected UEs between gNBs and between gNB-CU and gNB-DU in split gNB architecture.
· Paging enhancement
Rel-18 NES introduced paging inactive UEs on limited beams instead of all the beams in a cell via gNB-DU indicating a recommended paging SSB list to gNB-CU. However, due to the time limit, this paging enhancement only applies to inactive UEs, which restricts the application and the benefit of the paging enhancement significantly. Rel-19 should support the beam level paging also to the idle UEs.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]From another aspect, Rel-18 paging enhancement for NES only supports the beam level paging in the last serving gNB of UEs. As a supplement of this mechanism, if the paging over limited SSB beams fails, the NW will perform the subsequent paging(s) for the same UE over all the transmitted SSB beams. To have a reasonable paging area for UEswith mobility, Rel-19 should extend the beam level paging to gNBs surrounding the last serving gNB, so that the paging failure for low mobility UEs can be minimized effectively.
Proposal 6: Specify paging enhancements to support paging on limited beams sent by the last serving gNB of UE as well as the gNB(s) neighboring the last serving gNB of UE, considering UEs in idle/inactive mode.

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 adaptation of common channel/signals should be the candidate scheme for the network energy saving enhancement in Rel-19 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 triggering mechanism of on-demand transmission of DL common control channels/signals should take into large population of legacy UEs in the system.   The UE WUS triggering mechanism should be further investigated for the feasibility and system impact before considering in the network energy saving work.  
· Proposal 2: The adaptation of common control channels/Signals should include the transmission of the DL channels
· SSB
· PDCCH with common search space for SI, paging, RACH procedure
· RS for RLM/RRM and mobility management
· Proposal 3:  The dynamic channel/signals adaptation in support of Cell ON/OFF in PCell and multi-carrier should include the following area,
· On-demand SSB/RS transmission triggering Cell ON/OFF 
· Network assisted Cell ON/OFF
· Dynamic Cell ON/OFF for multi-carrier operation
· Proposal 4:  The network energy saving enhancement in Rel-19 for the adaptation of TRP(s) in multi-TRP configuration 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 5: Support Cell DTX/DRX information exchange for connected UEs between gNBs and between gNB-CU and gNB-DU in split gNB architecture.
· Proposal 6: Specify paging enhancements to support paging on limited beams sent by the last serving gNB of UE as well as the gNB(s) neighboring the last serving gNB of UE, considering UEs in idle/inactive mode.
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