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Introduction
In RAN#95 meeting, a new study Item on network energy saving in NR was approved [1]. This study item will include 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.

 In this contribution, we discuss network energy saving techniques in time, frequency, and spatial domain.

Discussion
Motivation of network energy saving 

Compared with 4G network, 5G system has larger bandwidth, number of TX/RX antennas/panels, and higher deployment density for improvement of system performance and user experience. However, the energy consumption of 5G network is more than three times than that of 4G, which contributes the heavy burden for OPEX of 5G system.
It is shown that over 90% of OPEX are spent on energy, consisting mostly of fuel and electricity consumption [2]. Most of the energy is consumed on the RAN with data centres and fibre transport accounting for a smaller share. For the RAN, the most power is consumed on gNB with BBU component and AAU component. About 80% energy and 20% energy are consumed on AAU and BBU respectively. For AAU, the main power is spent on PA component, as an example, up to 60%, even higher. As an illustration, the following Figure 1 shows the ratio of network energy consumption. 
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Figure 1: The energy consumption of 5G network
There is a need to study and develop network energy saving techniques for operational cost reduction.

 Energy saving technique
Time domain energy saving
For time domain energy saving, it depends on gNB state of system load. The gNB system load includes normal system load, low system load and zero system loads. Furthermore, it could consider triggering the related time domain network energy saving mechanism based on gNB state of system load. Network could configure the thresholds for the associated triggering events of gNB state transition. When the gNB state transition to the state suitable for the network energy saving, the related energy saving technique could be triggered and performed. The procedure of time domain energy saving states and transition in gNB is illustrated in Figure 2. For example in the low load cell, gNB could perform discontinuous transmission/reception (DTX/DRX) by concentrate all the traffics to schedule transmission/reception at the short interval and the rest of time without any transmission/reception.   For the cell with zero load, there is no data to schedule transmission most of time.   Dynamic Cell ON/OFF could be considered to complete shut off a cell. The details of time domain energy saving technique are described as follows.
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Figure 2: Time domain energy saving states and transition in gNB 
Proposal 1: Time domain energy saving transition mechanism based on gNB state of system load should be supported for 5G network.

· Semi-static/Dynamic cell ON/OFF

Small cell ON/OFF have been discussed in Rel-12 LTE for eNB energy saving. With the   non-homogeneous and non-cell-planned deployments of small cells, the interference between small cells is random due to irregular and unplanned overlapped coverage area between small cells. In order to reduce the interference among small cells with consideration of the network energy saving of these small cells, the mechanism of small cell on/off was supported in Rel-12 by turning the small cells on/off semi-statically. The criteria used for semi-static on/off could be the increase/decrease of system load, UE arrival/departure, and packet call arrival/completion. Considering small cell discovery mechanism, periodic discovery reference signal (DRS) may be sent from a turned-off small cell to assist UEs performing detection and measurements.  .
For NR, the SID states that the study should prioritize idle/empty and low/medium system load scenarios. When the cell is in empty/low system load state, very few UE needs to be served in the cell spanning over the time. If the cell is always ready for data processing, as it does not need to transmits/receive UE’s DL/UL data for most of the time, there is unnecessary waste of energy consumption in the cell. Therefore, semi-static/dynamic cell on/off can be considered for Rel-18 network energy saving. Similarly, DRS may be transmitted from a turned-off cell to assist UE in cell discovery.   
Proposal 2: For Rel-18, semi-static/dynamic cell ON/OFF should be one of time domain techniques for network power saving.
The DRS design in Rel-12 LTE is a periodic discovery signals over a duration of time. The periodic discovery signals consist of PSS/SSS and CRS for 5 ms interval, which is similar to that of measurement gap for inter-frequency measurement, with measurement timing configuration (DMTC) configured at least to 40ms, 80ms or 160ms. For the DRS in NR, periodic DRS transmission is one possible solution for turned-off cell to assist UE discovery and measurement. In addition, on-demand DRS with neighbouring gNB assistance can be considered to further reduce the power consumption for a turned-off cell, as shown in Figure 3. The neighbour cell or macro cell triggers the turned-off cell to transmit on-demand DRS according to the SINRs and UEs positioning reported by UEs. For the design of DRS in NR, the DRS may be the existing SSB, CSI-RS, TRS and so on, in addition, new cell-specific DRS design can also be considered. However, when a cell is deployed in heterogeneous network and turned off, the legacy UEs served by neighbour cell or macro cell may not recognize the DRS. Therefore, the legacy UEs cannot perform RRM measurement and discover the turned-off cell even if these legacy UEs can obtain better services in turned off cell. If a cell is deployed in homogeneous network and turned off, the behaviours of idle UE in the coverage of the turned-off cell may be affected, e.g. an idle UE moves to the turned-off cell, but the UE cannot reside in the turned-off cell and reselect to other cells with good service. Therefore, the above issues should be further discussed if cell on/off is supported.
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Figure 3: On-demand DRS for turned-off cell discovery
Proposal 3: For semi-static/dynamic cell ON/OFF, both periodic DRS and on-demand DRS should be studied.

· gNB DTX/DRX 
For the cellular radio system including 5G system, the network is usually designed to be always on in order to meet the performance challenges. However, the environmental impact of 5G needs to stay under control, and novel solutions to improve network energy savings need to be developed. The main part of the unnecessary energy consumption in mobile networks is actually spent when low or empty system load with user is barely accessing network. Network can measure the traffic and compute the statistic of the system load for the consideration of energy saving techniques in time domain. The Rel-15/16 C-DRX had been used for UE power saving with discontinuous reception to reduce the unnecessary power consumption and load balance by uniformly distributing UEs through time by staggering C-DRX configuration among different UE groups through DRX cycle. When system load is low, the number of UE access the system is low, the staggering C-DRX configuration for system load balancing becomes unnecessary. Instead, the gNB could reduce the energy consumption with the DTX/DRX transmission in low system load state by allocating same set of C-DRX configuration for all UEs, which including DTX/DRX-ON and DTX/DRX-OFF.  During DTX/DRX-OFF, gNB could go to sleep to reduce energy consumption. 

For the DTX/DRX transmission for gNB, gNB could align transmission of Uu with that of Xn/NG for network energy saving purpose, which is shown in Figure 4. From the Uu interface perspective, gNB configures the DTX parameters to UEs in the serving cell, based on gNB DTX/DRX ON is fully aligned or partially aligned with UE DRX ON. Since the alignment with UE DRX, gNB could configure the CSI-RS, SSB or PDCCH with the periodicity aligned with DTX/DRX cycle and transmission within the DTX/DRX ON period to keep the sleeping state during the gNB DTX/DRX OFF. UE could also discontinuously receive the corresponding CSI-RS, SSB or PDCCH. However, for legacy UE, such as monitoring PDCCH with the CRC scrambled by the specific RNTI(e.g., P-RANTI, SI-RNTI, PS-RNT, etc.), reception of the configured PDSCH and performing channel tracking operation outside the DRX active time, would be affected by the gNB DTX transmission. Therefore, triggering mechanisms of gNB transferring to DTX mode and the detailed behaviours of gNB under the DTX mode and should be further studied to avoid significant performance degradation for legacy UE. 
On the other hand, in order to avoid frequent wake up of gNB, it is beneficial for network to align gNB DTX/DRX ON with backhaul DTX/DRX ON. It is expect that backhaul transmission in Xn and NG interfaces should be located within gNB DTX/DRX ON duration. Therefore, DTX/DRX coordination in Xn and NG should be supported of further reduction of network energy consumption.
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Figure 4: The gNB DTX/DRX structure
Proposal 4: The gNB DTX/DRX should be considered to reduce network energy consumption for low system load state. 
Proposal 5: DTX/DRX coordination in Xn and NG should be supported of further reduction of network energy consumption.

Frequency domain energy saving
BWP switching mechanism and BWP switching based MIMO layer adaptation/SCell dormancy indication were specified for NR UE power saving in Rel-15 and Rel-16 respectively. Similar principles can be directly followed by gNB and support of the dynamic bandwidth adaption of gNB for network energy saving. 
As shown in Figure 5, the gNB was configured with three BWPs, including BWP1, BWP2, and BWP3. When there is no/small traffic transmission, the gNB could set the BW with a small bandwidth e.g., BWP1, for gNB energy saving purpose. When large traffic is arrival, larger bandwidth is used for transmitting according to the traffic requirements.    gNB could switch from small BWP1 to larger BWP2 or BWP3. When the DL/UL transmission is completed, the gNB could switch back to a small bandwidth BWP. Therefore, in frequency domain, gNB could dynamically switch to different gNB BWP for scheduling DL/UL transmission on demand based on the traffic load requirements of UE serviced at each time for energy saving purpose. 
Unlike UE BWP adaption, gNB dynamic adaption has no impact on system performance because it is gNB configuration without explicit transition time and transmission interruption. On the other hand, the decision matric of gNB bandwidth adaption needs to minimize the impact to legacy UEs. Dynamic bandwidth adaption for gNB energy saving could be considered in frequency domain.



Figure 5: Bandwidth adaption for gNB energy saving
Proposal 6: Dynamic bandwidth adaption for gNB energy saving could be considered in frequency domain. 

[bookmark: _GoBack]Spatial domain energy saving 
Distributed massive MIMO system facilitates great improvement of the data rate and increase of cell coverage.  The cost is that the power consumption of AAU accounts for more than 80% of the total power consumption of gNB. Therefore, spatial domain energy saving technology is essential for network energy saving. 
From implementation perspective, gNB can support TRP/TX/RX port/panel/ beam ON/OFF in a semi-static way to achieve significant network energy saving gain. E.g., unnecessary RF chains can be shut off according to traffic load/channel condition with expected degradation on the spatial multiplexing gain as shown in Figure 6. However, considering that it is difficult for the gNB to accurately predetermine traffic information, semi-static spatial domain energy saving technique could degrade the spatial multiplexing gain and increase  delay budget/packet error rate performance. 


Figure 6: RF chains ON/OFF structure

· Dynamic antenna adaptation and link adaptation

Significant network energy saving gain could be achieved with dynamic ON/OFF of redundant TX/RX antenna ports and corresponding RF chains.  For NR, up to 32 CSI-RS antenna ports are supported for FD-MIMO. The CSI acquisition and feedback is based on per CSI-RS antenna port. Therefore, dynamic ON/OFF of RF chains will have the results of reducing number of antenna ports, which decrease the spatial multiplexing capability. As shown in Figure 7, 8 CSI-RS ports within NZP CSI-RS ports pattern aggregated by 6 CDM-4 groups are muted because some RF chains are closed dynamically. If dynamic antenna adaptation was supported, NZP CSI-RS muting pattern should be indicated to UE for improvement of link adaptation performance. 



Figure 7: CSI-RS antenna ports muting
[bookmark: _Hlk101886540]It is also noted that dynamic antenna adaptation might degrade performance of legacy UE as antenna adaptation information could be indicated to legacy UEs semi-statically through RRC reconfiguration. The dynamic antenna adaptation technique to support the coexistence with legacy UE should be further studied. 
Proposal 7: Dynamic antenna adaptation at low/middle system load should be considered.
Proposal 8: If dynamic antenna adaptation was supported, NZP CSI-RS ports muting pattern should be indicated to UE.
Proposal 9: The dynamic antenna adaptation technique to support the coexistence with legacy UE should be further studied.  

· Dynamic ON/OFF of multi-TRP
Multi-DCI based multi-TRP transmission schemes have been specified for performance improvement of eMBB and URLLC transmission since Rel-16. For an active DL BWP of a serving cell, coresetPoolIndex  in ControlResourceSet IE is configured to UE by higher layer signalling [3]. If coresetPoolIndex is not provided for a first CORESET, or is provided and has a value 0 for a first CORESET, and is provided and has a value 1 for a second CORESET [4], two CORESET pools are provided to different TRPs for PDCCH transmission. 
When two CORESET pools are configured for active BWP of UE, multi-TRP can schedule two PDSCHs using two PDCCHs associated with different CORESET pools. However, in addition to the cell edge scenario, one TRP corresponding with the optimal data transmission path can be used for PDSCH scheduling.  Dynamic ON/OFF of multi multi-TRP is a potential network energy saving technique to provide network energy saving gain compared with semi-static ON/OFF of multi-TRP deployment especially in light load scenario. If ON/OFF of multi-TRP is dynamically indicated to UE, UE also does not need to monitor PDCCH associated with OFF TRP, which can provide energy saving gain for both Network and UE. 
Proposal 10: Triggering of dynamic ON/OFF of multi-TRP should be considered.

Conclusion 
In this contribution, configuration of TRS/CSI-RS for paging enhancement is discussed.  We have the following proposals:
Proposal 1: Time domain energy saving transition mechanism based on gNB state of system load should be supported for 5G network.
Proposal 2: For Rel-18, semi-static/dynamic cell ON/OFF should be one of time domain techniques for network power saving.
Proposal 3: For semi-static/dynamic cell ON/OFF, both periodic DRS and on-demand DRS should be studi
Proposal 4: The gNB DTX/DRX should be considered to reduce network energy consumption for low system load state. 
Proposal 5: DTX/DRX coordination in Xn and NG should be supported of further reduction of network energy consumption.
Proposal 6: Dynamic bandwidth adaption for gNB energy saving could be considered in frequency domain. 
Proposal 7: Dynamic antenna adaptation at low/middle system load should be considered.
Proposal 8: If dynamic antenna adaptation was supported, NZP CSI-RS ports muting pattern should be indicated to UE.
Proposal 9: The dynamic antenna adaptation technique to support the coexistence with legacy UE should be further studied.  
Proposal 10: Triggering of dynamic ON/OFF of multi-TRP should be considered.
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