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Introduction
In RAN#94e, a new study item on network energy savings was approved [1]. In RAN1#109e [2], techniques for network energy saving were discussed and candidate techniques were identified for further study.
In this Tdoc, we provide our views on the candidate techniques for network energy saving.
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 were 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
In RAN1#109e, it was agreed to further study potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE. Similar as the UE C-DRX mechanism, a gNB DTX/DRX mechanism can be introduced to facilitate the time domain energy saving. 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, 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 where gNB DTX is also configured. 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: gNB DTX and DRX should be supported, and the impact on UE operation, e.g., the measurement, synchronization and C-DRX procedures, should be considered.
[bookmark: _Hlk110510228]In order to dynamically adapt to the UE’s C-DRX configurations, and to align with the reduced transmission/reception of periodic and semi-persistent signals and channels configuration, a time domain network energy saving configuration may support configurable periodicity and offset for regular occurrence energy saving mode, and the network can further define a fully flexible time domain muting pattern within each network energy saving configuration periodicity. Furthermore, when gNB can activate/deactivate simultaneously multiple configurations of time domain energy saving transmissions, with patterns of short/long periodicity, it has the flexibility to achieve optimal power saving while responding quickly to multiple traffic characteristics.  
[bookmark: _Hlk110517501]Proposal 2: Support configurable periodicity and offset for fully flexible time domain energy saving pattern, and simultaneous multiple configurations should be considered.
SSB is an always-on signal and consumes energy for constant transmission. By reducing the density of the transmitted SS/PBCH, new SSB periodicity, which contains more than one legacy SSB periodicity, may be applicable. It is also possible to transmit SSB in an on-demand manner. The network transmits SSB upon receiving requests from the UE. Once the required SSB transmissions are finished, the network does not transmit SSB until it receives the next request. The UE may also be configured with a window for SSB detection. If beamforming is deployed in the cell, the gNB may transmit the SSB using a beam corresponding to the beam for the on-demand request in order to reduce the energy consumption. Dense SSB transmissions consume more energy, however, longer SSB periodicity may result in higher latency, it is therefore beneficial to adjust the SSB transmission periodicity dynamically. For example, the gNB may control whether the SSB is transmitted or not, and/or the SSB transmission periodicity dynamically. Note that the cell supporting the on-demand SSB may be configured as SCell for a UE.
[bookmark: _Hlk110521110]Proposal 3: Support SS/PBCH transmission with reduced density, on-demand SSB and dynamically adjustable SSB transmission periodicity.
1.2 Frequency domain techniques
In RAN1#109e, it is agreed that enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching should be further studied. 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 of this cell. However, based on minimum requirement on cell activation delay specified in [3], UE may spend quite a long time to activate a serving cell. On the contrary, cell dormancy can be considered to achieve the energy saving without introducing too much activation delay. However, the current dormant cell mechanism is designed from UE perspective. 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 4: enhancement on cell activation/deactivation and cell dormancy should be supported to better support gNB energy saving and minimize the impact on UE operation.
In addition, it is agreed in RAN1#109e to further study the mechanism of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal. In our view, a cell wake-up signal transmitted by UE can be considered to wake-up a cell which in inactive or dormant state. When UE determines there is a requirement of transmission or reception in a particular cell, UE may transmit the cell wake-up signal in a cell wake-up signal occasion (e.g., a PUCCH or PRACH occasion) or in another serving cell (e.g., through a MAC-CE) where UE has available PUSCH resources. In addition, UE may also provide some detailed information in the cell wake-up signal, e.g., the request type of transmission (e.g., request for SSB/CSI-RS reception, or PUCCH, PUSCH or PRACH transmission), and gNB may decide whether to wake-up from the deep sleeping state, and into what level of energy saving state based on the information UE reported in the cell wake-up signal.
Proposal 5: support cell wake-up signal transmitted by UE to wake-up a cell from deep sleeping mode, and UE assistant information carried by the cell wake-up signal can be considered.
CSI-RS is a flexible multi-purpose signal and is widely used by e.g. beam management. During the energy saving mode, beam refinement may not be supported. However, it is not desirable to perform frequent RRC reconfiguration. The reduced density can be part of a network energy saving configuration, which would be applied autonomously each time when gNB enters into the network energy saving mode until the configuration is updated. Supported density setting is currently {0.5, 1, 3, spare} as in NZP-CSI-RS-Resource. When the network energy saving configuration is enabled, a reduced CSI-RS density may be applicable, such that 31 or 10.5. Assumption here is that the transmitting RE power is fixed, and the overall transmit power will be reduced due to reduced number of transmitting REs. 
Semi-static or dynamic BWP switching may be supported for adapting the UE configuration to different traffic activity. Preconfigurable bandwidth scaling factor or frequency domain pattern for BWP adaptation may be adopted whenever the network energy saving mode is activated. For example, group common DCI may be enhanced to include scaling factor, FD pattern for faster activation/deactivation. Only certain active RBs or BWPs may be available for all UEs or a group of UEs in network energy saving mode.
Proposal 6: Reduced CSI-RS density for frequency domain network energy saving should be considered.
For network energy saving, the active bandwidth may be reduced and the reduced bandwidth may need to be signaled to the UE via the network energy saving configuration, including e.g. a start position and the number of RBs. If the active BWP of the UE needs to be changed, gNB may indicate a new UE specific BWP for the network energy saving mode. The remaining parameters e.g. CORESET, CSI-RS etc. may be reused or shifted by an offset in frequency domain, with the part which spans outside the network energy saving bandwidth excluded.
The network energy saving BWP associated with the reduced bandwidth configuration should remain the same at the subsequent occurrence of network energy saving state without explicit BWP switching indication. This network energy saving configured BWP will remain the same until there is a BWP reconfiguration during the energy saving mode. It is therefore beneficial to introduce a default BWP, just for the network energy saving mode. If a UE is configured with a bwp_InactivityTimer, the UE stays on the default BWP for the network energy saving mode, as the normal default BWP may no longer be active.  
To support BWP switching for adapting the UE configuration to different traffic activity, certain RBs or BWPs will need to be addressed for all UEs or a group of UEs. gNB may configure a scaling factor or frequency domain bitmap pattern for BWP adaptation. The bandwidth scaling factor defines the mapping to specific network energy saving BWPs. For example, each UE is preconfigured a set of network energy saving BWPs which correspond to the scaling factor {1/5, 1/4,1/3,1/2, …}. For SPS PDSCH, Type-1 or Type-2 CG PUSCH, since the BWP in network energy saving mode is pre-configured, BWP switching can be done by auto-switching to the specified network energy saving BWP, as determined from the scaling factor whenever the network enters into the energy saving mode, without the need of explicit activation or DCI indication.
Proposal 7: Support reduced bandwidth and default UE BWP for network energy saving mode, as well as autonomous BWP switching.
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 jointly considered.
Proposal 8: jointly design of spatial domain and frequency domain techniques should be considered to get good balance among energy consumption, coverage and capacity, e.g., joint antenna on/off and BWP switching.
Although multiple architectures of gNB transceiver are supported in NR (e.g., full-connected beamforming, sub-array-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 9: support SSB and CSI-RS updating mechanism due to the 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.
Hypothesis of TRX On/Off may be configured for a group of UEs to determine the TRX configuration for network energy saving. The different set of ports such as 64/32/8/4 and their associated CSI-RS configurations may be determined from the results of these hypothesis. The gNB could thus identify the best of the directional beams to turn On/Off. TRX configuration for the network energy saving may then be configured by mapping the selected TRX ports setting to an associated TrxPoolIndex. The TrxPoolIndex field can be used to select each group of NZP-CSI-RS configuration and measurement reporting in reportConfig. Whenever the network enters into the energy saving mode, the corresponding spatial domain configuration can then be determined from the TRX pool index.
[bookmark: _Hlk110517586]Proposal 10: Consider using an associated TRX pool index to address the spatial domain configuration whenever the network enters into the energy saving mode. 
[bookmark: _Hlk110516892]The network energy saving activation/deactivation may be, for example, determined based on semi-static signaling. Specifically, different combinations may be used to activate/deactivate different configuration types at the UE. It is also possible that two or more different configurations (e.g., time, frequency, spatial, power) may be activated simultaneously. Activation/deactivation may be triggered after expiry of a timer representing a delay between the configuration of network energy saving mode and the start timing for activation/deactivation of the network energy saving configuration.
The network energy saving configuration may also be supported for a predetermined duration or time of day. No explicit signaling for deactivation is then needed. Suitable for scenarios where there is known/recurring user traffic only for a certain period.
[bookmark: _Hlk110517599]Proposal 11: Consider the activation of different network energy saving techniques (e.g., time, frequency, spatial, power) via semi-static network energy saving configuration. 
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 supported, and the impact on UE operation, e.g., the measurement, synchronization and C-DRX procedures, should be considered.
Proposal 2: Support configurable periodicity and offset for fully flexible time domain energy saving pattern, and simultaneous multiple configurations should be considered.
Proposal 3: Support SS/PBCH transmission with reduced density, on-demand SSB and dynamically adjustable SSB transmission periodicity.
Proposal 4: enhancement on cell activation/deactivation and cell dormancy should be supported to better support gNB energy saving and minimize the impact on UE operation.
Proposal 5: support cell wake-up signal transmitted by UE to wake-up a cell from deep sleeping mode, and UE assistant information carried by the cell wake-up signal can be considered.
Proposal 6: Reduced CSI-RS density for frequency domain network energy saving should be considered.
Proposal 7: Support reduced bandwidth and default UE BWP for network energy saving mode, as well as autonomous BWP switching.
Proposal 8: jointly design of spatial domain and frequency domain techniques should be considered to get good balance among energy consumption, coverage and capacity, e.g., joint antenna on/off and BWP switching.
Proposal 9: support SSB and CSI-RS updating mechanism due to the 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 10: Consider using an associated TRX pool index to address the spatial domain configuration whenever the network enters into the energy saving mode. 
Proposal 11: Consider the activation of different network energy saving techniques (e.g., time, frequency, spatial, power) via semi-static network energy saving configuration. 
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