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Introduction
In RAN#94e, a new study item on network energy savings is approved [1]. The objective of this study item is as the following:
[bookmark: _Hlk101452141]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.

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.

In this contribution, the potential techniques for network energy saving are discussed. We have provided our views on a number of related issues, such as SSB/SIB reduction, network energy saving configuration, UE assistance information and base station sleep mode.
Discussion
In the previous releases of NR, power saving at UE side was intensively studied and specified, and energy saving at gNB side has not been studied as a formal SI or WI yet. However, the energy consumption of gNB was always an important considering factor in the design of NR spec. Some techniques to facilitate gNB energy saving was already defined in the NR spec, e.g., the cell activation/deactivation mechanism. In addition, some UE power saving techniques, e.g., DRX and cell dormancy mechanism, may also be used to save gNB energy by carefully choosing the parameters. Furthermore, NR is designed based on a flexible and scalable manner, most of the physical channels or signals are UE specific, and the configurations of time/frequency/spatial domain resources are usually very flexible. Therefore, gNB may achieve the energy saving to a certain extent based on appropriate configurations on the physical channels/signals and resources for UEs. However, since the gNB energy saving has not been strictly studied and evaluated in the system level, the existing network energy saving techniques in NR should be carefully reviewed, and potential techniques to enhance the energy saving should be considered and evaluations should be performed when the models and KPIs are ready.
1.1 Time domain techniques
As indicated in the SID, the idle/empty and low/medium load scenarios should be prioritized, and different loads among carriers and neighbor cells should be considered. For a serving cell with light or medium load, e.g., cell 2 in figure 1, gNB may temporarily stop its transmission and/or reception on this serving cell, which is a direct and efficient way to save energy. On the other hand, although the models and KPIs for gNB energy saving are still under study, it can be expected that the efficiency and the amount of energy saving is highly related to how long a gNB can avoid transmission and reception for a continuous duration. Therefore, techniques to allow gNB to keep sleeping in a relatively long time without frequently waking-up should be studied.
For the channels/signals scheduled or configured by gNB, e.g., the PDCCH, PDSCH, PUSCH, CSI-RS, and SRS, the discontinuous transmission (i.e., gNB DTX) or discontinuous reception (i.e., gNB DRX) at gNB side can be achieved by gNB implementation. However, for the cell-specific channels/signals (e.g., SSB, SIB1, PRACH), or the channels/signals which are critical for UE operations (e.g., TRS), if the transmission or reception is temporally stopped by gNB, there may be severe impact on the UE operation. For example, technically the TRS is UE specifically configured and can be stopped for a time duration, however, if UE cannot measure the TRS in a relatively long time, the time and frequency synchronization may be not able to be maintained well, then the connection may be failure as a consequence. 


Figure 1. example of gNB DTX/DRX
On the other hand, UE may be configured with DRX in a serving cell with gNB DTX mode. Since the UE DRX periodicity is mainly rely on the traffic characteristics, it may be difficult to align the UE DRX cycle and gNB DTX/DRX perfectly. For example, a UE DRX on-duration may occur in a gNB DTX off-duration, then this DRX on-duration is actually invalid. Therefore, UE may have to determine the valid DRX on-duration based on the DRX configuration and DTX configuration.
Proposal 1: the gNB DTX and DRX should be studied in the low/medium load scenario, and the impact on UE operation, e.g., the measurement, synchronization and DRX procedures, should be considered.
There are many existing functionalities available to save energy at the network side. For example, small cells can be switched ON/OFF, gNB can only use part of available spectrum by managing BWP. Techniques which can enable micro/light/deep sleep are being discussed. We propose a dynamic energy saving pattern with fine granularity where the network can adapt to load condition without entering into the sleep state. A muting patten could be configured within a relatively longer period.  
During the energy saving ‘ON’ cycle, which can be as short as 2ms, physical channels such as PDSCH, PDCCH, PUSCH, PUCCH may be muted; TX/RX port may be partially switched off; CSI-RS density may be reduced. The dynamic energy saving pattern should consider the traffic condition and time criticality, and in order to help the network energy saving, UE assistance information should be reported, such as UE traffic type, priority, delay tolerance, expected volume, coverage etc.
1.2 [bookmark: _Hlk101445580]Frequency domain techniques
For a gNB owns multiple serving cells, if the load is low or medium, it may deactivate some of the cells to save energy. This can cut almost all the energy consumption on this cell. However, based on minimum requirement on cell activation delay specified in [2], UE may spend quite a long time to activate a serving cell. Therefore, another existing feature, i.e., cell dormancy, can be considered. However, the current dormant cell mechanism is designed from UE perspective, and it does not support gNB energy saving efficiently. Based on the existing spec, if a cell is in dormant state, gNB still have to send at least the SSB and TRS, and to receive at least the PRACH and periodic PUCCH. Thus it is difficult for a gNB to get into the deep sleep (i.e., almost no transmission and reception) for a relatively long time. Therefore, enhancement on the cell activation/deactivation or cell dormancy should be considered, in order to get better balance between the gNB energy saving and the latency of cell activation. For example, to further reduce the gNB energy consumption in the dormant cell, it can be considered to stop the transmission of SSB and TRS, or to transmit the SSB and TRS less frequently than it does in the non-dormant state. However, similar as the issues of gNB DTX and DRX, the impact on UE operation should be considered.


Figure 1. example of sparse SSB/TRS transmission in dormant cell, where T2>T1
Proposal 2: enhancement on cell activation/deactivation and cell dormancy should be considered to better support gNB energy saving and minimize the impact on UE operation.
1.3 Spatial domain techniques
In Rel-16 power saving topic, per DL BWP configuration of maximum number of DL MIMO layers was supported. gNB may indicate UE to update the max DL MIMO layer (e.g., from 4 to 2) based on the BWP switching mechanism. This feature can also be used to facilitate gNB energy saving. As shown in figure 3, for a gNB with low or medium load, higher layer MIMO transmission may be not needed, then it may switch off a portion of its antenna ports to save energy, and UE may be informed with the new max DL MIMO layer based on the existing BWP switching mechanism. 


Figure 3. example of gNB antenna/panel switching on/off
However, if some antennas or panels are switched-off, then the total transmission power will be degraded. For example, for a gNB equipped with two antenna panels, if one of the panels is switched off, the maximum output power may be reduced by half. Obviously, coverage loss may happen. If the serving cell of this gNB is a capacity boosting cell and there is at least one overlapping cell(s), gNB may switch the cell edge UEs to the overlapping cell(s) before switching off the antenna/panel. However, if there is no overlapping cell, gNB has to keep the original coverage even after it switched off some antennas/panels. This can be done by reducing the bandwidth. For example, if the antenna ports number is reduced by half, gNB may simultaneously reduce the system channel bandwidth by half, then the power spectrum density (PSD) will not change, therefore the MCL (Minimum Coupling Loss) of a particular physical channel can keep the same. In summary, considering the coverage loss issue, the spatial domain and frequency domain energy saving techniques should be joint considered.
Proposal 3: dynamically antennas switching on/off should be considered for gNB energy saving, and the jointly design with frequency domain techniques should be considered to get good balance among energy consumption, coverage and capacity.
Although multiple architectures of gNB transceiver are supported in NR (e.g., full-connected beamforming, sub-arry-connected beamforming), if a portion of gNB antennas/panels is switched off, it cannot be avoid that the beam width or beam direction will be changed due to the less degree of spatial freedom. Therefore, gNB may have to adjust its SSB and CSI-RS transmission configurations to match the new beams.  For a UE served by the gNB, at least a part of the TCI states or QCL relationship may be associated with the SSBs. If gNB changes its SSB configuration, UE should be informed. However, the delay for UE to perform beam measurement and to construct the new QCL relationship of the TCI states is considerable. Therefore, techniques to decrease the delay of UE to update the beam measurement and TCI states should be studied. 
Proposal 4: SSB and CSI-RS updating mechanism should be studied to support dynamic antenna switching on/off, and techniques to reduce the delay of UE beam measurement and TCI state update after SSB updating should be studied.
1.4 On SSB/SIB reduction
NR gNBs are equipped with larger bandwidth and panels of up to 64T/64R ports. The network energy consumption increases significantly as the number of ports increases. gNB power consumption in idle mode also increases due to higher power consumption of beamforming and L1 processing, e.g. only SSB and system information transmissions.
Since SSB/SIB reduction is good for energy saving of the network, it is beneficial to study e.g., transmitting SSB/SIB on one band and skipping SSB/SIB on another band. For example, when one band is configured with short SSB/SIB periodicity to support access of legacy UEs, longer periodicities can be configured to support network energy saving. In CA scenario, using SSB in one band to provide DL timing/frequency synchronization for another band and use SSB/SIB in one cell to provide information (including e.g. RACH configuration) to allow Idle/Inactive UEs to perform initial access in another (intra-band or inter-band) cell may also be considered. 
[bookmark: _Hlk101451276]Proposal 5	Introduce finer granularity network configuration to support dynamic adaptation of SSB/SIB reduction. 
Proposal 6	Support SSB/SIB reduction in CA scenarios.
Other solutions to reduce the transmission SS/PBCH with introducing longer SS/PBCH transmission periods. However, this may result in the cell being less discoverable by a UE, as the UE may assume the SS/PBCH is transmitted every 20 ms during initial access. However, the cell with relative infrequent SS/PBCH transmitted could be configured as a secondary cell for a UE. 
Observation 1:	Extending the SS/PBCH transmission period may introduce latency in initial access. The extended SS/PBCH period could be applied to the secondary cell for a UE.
Proposal 7	Extending the SS/PBCH periodicity with considering the negative impacts to the system. 
Furthermore, is also possible to reduce the number of SS/PBCH transmitted each period. In the current techniques, the SS/PBCH is transmitted based on predefined patterns in TS 38.213. The number of SS/PBCH blocks to be transmitted could be determined by the SCS, carrier frequencies etc. On top of the predefined pattern, it is also possible to further configure the actual transmitted SS/PBCH via RRC signalling, i.e. SIB1 or dedicated RRC signalling. 
Currently, the SS/PBCH blocks transmitted in each period are identical. For the purpose of further reducing the NW energy consumption, a possible approach is to spread the SS/PBCH to be transmitted in one period into several periods. If beam sweeping is deployed, the NW could reduce the negative impacts on coverage by the proper implementation. 
Proposal 8	Spreading the SS/PBCH blocks to be transmitted into several periods.
1.5 [bookmark: _Hlk101450857]Network energy saving configuration and UE assistance information
Several existing functionalities are available at the network side to save energy. For example, small cells may be switched ON/OFF, gNB may use part of available spectrum by managing BWP. Techniques which can enable micro/light/deep sleep are also being discussed. We propose to enable an energy saving mode. During the energy saving ‘ON’ cycle, which can be as short as 2ms, physical channels such as PDSCH, PDCCH, PUSCH, PUCCH may be muted; TX/RX port may be partially switched off; CSI-RS density may be reduced. The dynamic configuration of network energy saving should also aim to adapt to the traffic condition and time criticality. UE assistance information may be reported, such as UE traffic type, priority, delay tolerance, expected volume, coverage etc. 
[bookmark: _Hlk101449254]Proposal 9	Support flexible configuration of network energy saving pattern in time domain.
Proposal 10	Support UE assistance information including UE traffic type, service priority, delay tolerance, data rate and data volume/packet size.
1.6 Network sleep modes  
Introducing network sleep mode functions that switch off data transmission and reception as well as hardware will help the system save energy significantly. In the study of UE power, three UE power-saving states were identified, including Micro, Light, and Deep Sleep states. Similar to the previous 3GPP work, in the Rel-18 energy saving study, more than one level of the network sleep states could be deployed by the base station based on traffic load, operating policy etc. The definition of each BS sleep mode shall be discussed in RAN1. As mentioned in WID, the study on NW energy saving will prioritise the idle/empty and low/medium load scenarios. The transition between different working modes, i.e. active mode to light sleep mode, will be coupled to the load. Therefore, RAN1 shall also define the principle of the idle/empty and low/medium load scenarios. 
The transition time and criteria between different sleep modes shall also be evaluated. The BS may switch off more hardware in the ‘deeper ‘sleep mode than in the relatively ‘lighter’ mode. As a result, the base station will spend more time resuming the active state from a deeper sleep mode, resulting in latency. Whether the latency is acceptable is also to be evaluated. Also, service interruption should be avoided. Therefore, a trade-off between energy consumption and network performance can be achieved.
Proposal 11	Definition of the idle/empty and low/medium load scenarios should be discussed.
Proposal 12	Definition of base station sleep modes and the transitions between different sleep modes should be discussed.
Conclusion
In this contribution, we discussed the potential techniques for network energy saving, the following proposals are made:
Proposal 1: gNB DTX and DRX should be studied in the low/medium load scenario, and the impact on UE operation, e.g., the measurement, synchronization and DRX procedures, should be considered.
Proposal 2: Enhancement on cell activation/deactivation and cell dormancy should be considered to better support gNB energy saving and minimize the impact on UE operation.
Proposal 3:  Dynamically antennas switching on/off should be considered for gNB energy saving, and the jointly design with frequency domain techniques should be considered to get good balance among energy consumption, coverage and capacity.
Proposal 4: SSB and CSI-RS updating mechanism should be studied to support dynamic antenna switching on/off, and techniques to reduce the delay of UE beam measurement and TCI state update after SSB updating should be studied.
Proposal 5	Introduce finer granularity network configuration to support dynamic adaptation of SSB/SIB reduction. 
Observation 1:	Enlarging the SS/PBCH transmission period may introduce latency in initial access. The extended SS/PBCH period could be applied to the secondary cell for a UE.
Proposal 6	Support SSB/SIB reduction in CA scenarios.
Proposal 7	Extending the SS/PBCH periodicity with considering the negative impacts to the system. 
Proposal 8	Spreading the SS/PBCH blocks to be transmitted into several periods.
Proposal 9	Support flexible configuration of network energy saving pattern in time domain.
Proposal 10	Support UE assistance information including UE traffic type, service priority, delay tolerance, data rate and data volume/packet size.
Proposal 11	Definition of the idle/empty and low/medium load scenarios should be discussed.
Proposal 12	Definition of base station sleep modes and the transitions between different sleep modes should be discussed.
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