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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]A new study item on “Study on network energy savings for NR” was approved in RAN#94-e [1]. The discussions started in RAN1#109-e [2] and several agreements were made. A summary of the potential energy saving techniques in various domains along with brief description of each technique was agreed in RAN1#110-bis-e [3]. This contribution further discusses some of those techniques and analyzes its performance to improve network energy savings (NES).

2 Techniques for network energy saving
2.1 Time domain techniques
2.1.1 Adaptation of common signals and channels
In NR, irrespective of the load, number of connected UEs, the gNB has to perform set of mandatory operations (e.g., transmission of SSB) to ensure the availability of the cell to the UEs and for maintenance of the link. These mandatory operations consume energy at the gNB even when gNB is not serving any active UE. Simplifying the signals associated with the mandatory set of operations and optimizing the operations in terms of energy consumption and performance helps in power saving at the gNB without creating much effect in performance. 
A lighter version of SSB, that has lower size than the conventional SSB, is supported for energy saving. It carries a part of conventional SSB for e.g., PSS , SSS and partial contents of PBCH. The gNB has to operate on lesser number of time and frequency resources for transmitting the lighter version of SSB thereby providing significant energy saving at the gNB. The lighter version of SSB causes additional delay at UE side for accessing the network. However, the delay can be minimized with the help of assistance information from neighboring gNBs or by defining default configurations. To evaluate the performance of the lighter version of SSB, a 21-cell scenario is considered for evaluation and its performance is analyzed for various load conditions. The performance is evaluated in terms of number of active gNBs (i.e., gNBs having at least one connected UE) for various load conditions and user mobility. The active gNBs can transmit conventional SSB whereas other gNBs can operate with lighter version of SSB resulting in energy saving. The parameters used for evaluation are given in Table 1. It is found that not all gNBs out of 21 are active in urban macro scenario for low, light and medium loads as shown in Table 2. In current NR, all 21 gNBs transmits SSB, even though some gNBs are inactive at a time, leading to significant loss of energy. Here, the light version of SSB occupy 46.9% less time-frequency resources compared to the conventional SSB. By mandating inactive gNBs to transmit the light version of SSB, 46%, 11.2%, 4.5% and 2.3% energy saving can be achieved in no load, low load, light load and medium load, respectively. The result is illustrated in Fig. 1. 
 
	Parameters
	Values

	Terrain 
	Urban Macro(FR1)

	Cell site [#gNB] 
	[21]

	gNB power in dBm
	49

	TXRU
	32

	BW in MHz [#gNB]
	50

	User mobility direction
	Random 

	UE Dropping
	Random

	Inter site distance
	500 m

	Size reduction per SSB (%)
	46.9%

	Vehicular UE (%)
	90%

	Traffic
	FTP 3 model


Table 1: Evaluation parameters

	Load
	Active gNBs out of 21 gNBs 

	
	without offloading
	with offloading

	low
	16
	13

	light
	19
	15

	medium
	20
	16


Table 2: Evaluation results for lighter version of SSB for different loads.


Fig. 1: Energy savings by mandating transmission of lighter version of SSB by inactive gNBs for various loads

The effectiveness of the lighter version of SSB is further enhanced if used along with techniques such as gNB offloading. In offloading, the gNBs with very low number of connected users can offload the users to next best available gNBs, thereby increasing the number of inactive gNBs transmitting lighter version of SSB as shown in Table 2. Evaluating the performance in 21 cell scenario (explained earlier) using the simulation parameters in Table 1, the use of lighter version of SSB along with offloading provides, 46.2%, 17.9%, 13.43%, and 11.18% energy saving gain in no load, low load, light load and medium load, respectively. The result is illustrated in Fig. 1. Therefore, transmission of lighter version of SSB provides significant gains, especially in no and low load scenarios, and can be further enhanced by incorporating along with gNB offloading.
[bookmark: move1109495311]Observation 1: Mandatory set operations consume energy at the gNB irrespective of the load
Observation 2: Use of lighter version of SSB provides 
· 46% energy saving gain in no load scenario
· 11.2% energy saving gain in low load scenario
· 4.5% energy saving gain in light load scenario

Observation 3: Use of lighter version of SSB as along with gNB offloading provides 
· 17.9% energy saving gain in low load scenario
· 13.43% energy saving gain in light load scenario
· 11.18% energy saving gain in medium load scenario

Proposal 1: Support use of light versions of SSB, consisting of PSS, SSS and partial PBCH, at the gNB for energy saving.

In NR, a UE performs UL synchronization by performing RACH procedure. The gNB provide configuration for performing RACH to the UE in SIB1. The SIB1 can only be decoded if the contents of PBCH is known to the UE. Therefore, the full contents of PBCH is necessary at the UE for decoding SIB1 and performing RACH. The remaining content of PBCH can be either predefined in the standards or provided to the UE by the gNB transmitting lighter version of SSB. The former one provides significant energy saving gains at the cost of reduction in flexibility in configuring CORESET 0. Furthermore, the latter provide energy saving at the cost of additional signaling from the gNB. However, the gNB can transmit the remaining content of PBCH based on some measurement reports received from the UE.
Proposal 2: In case of use of lighter version of SSB by a gNB, following are supported for remaining content of the PBCH 
1. Predefined values in the standards
2. Signalled by the gNB transmitting the lighter version of SSB.

In NR, the gNB transmits SSB in a batch with one SSB per beam by forming synchronization signal burst (SS burst), which is used for changing the direction of each SSB transmission. The SSBs active in a burst and the periodicity of burst are configured semi-statically using radio resource control (RRC). Currently the periodicity is common for all SSBs active in the burst that leads to unnecessary transmission of SSB in certain scenario. E.g., frequent transmission of SSB is needed for a sector having high UE arrival rate like shopping mall, whereas it is not needed for a sector with low UE arrival rate. Using current approach, the periodicity of burst should correspond to the sector having highest UE arrival rate that leads to unnecessary transmission of SSB in sectors with low UE arrival rate. Configuring different periodicity for different SSB beams or group of SSB beams in a burst based on channel condition and traffic requirement addresses the issue and provides energy saving at gNB. For e.g., with the assumption of 4 beams in a burst and 100 ms window, the use of different periodicity at least for 1 beam i.e., 10 ms for one beam with low UE activity and 20 ms for other 3 beams of the burst will provide 12.5 % of energy saving.
Observation 4: Use of different periodicity for beams within a burst based on UE activity will provide significant energy saving at the gNB.
Proposal 3: Adaptation of SSB periodicity at beam level is supported.
The basic system information (SI), that a UE require to operate efficiently within a network, is provided using master information block (MIB) and system information block1 (SIB1). The MIB, which is present in PBCH, configures to UE a set of time-frequency resources, known as CORESET 0, to monitor for downlink control information (DCI) from the gNB. The DCI received in CORESET 0 schedules a physical downlink shared channel (PDSCH) containing SIB1 to the UE. The process consumes energy at gNB as well as UE side. The gNB has to transmit DCI within the CORESET 0 to schedule SIB1 and UE should blindly monitor within the CORESET 0 to receive and decode the DCI. For energy saving, the process of scheduling SIB1 can be optimized to avoid the configuration of CORESET 0 and transmission of DCIs within the CORESET 0. This can be achieved by scheduling of SIB1 using SSB instead of DCIs within the CORESET 0. Further, the scheduling of SIB1 using SSB will help in energy saving at the UE side by avoiding blind decoding of DCIs in the CORESET 0. However, the impact will be increase in the size of the SSB because of the inclusion of fields scheduling SIB1. The performance is numerically evaluated, and the result is illustrated in Fig. 2 for various power offset between SSB and DCI transmissions. An aggregation level of 16 and multiplexing pattern 1 between SSB and CORESET 0 is assumed for the for the DCI format 1_0 scheduling SIB1 in existing method for calculating the energy saving gains. As shown in Fig. 2, the energy saving gain of scheduling SIB1 using SSB will increase with the power offsets. Also, the increase in the size of SSB consumes extra power thereby reducing the net energy saving gains when compared with the gains achieved by keeping the size of SSB scheduling SIB1 as same as conventional SSB as shown in Fig. 2. 


Fig. 2: Energy saving gains for scheduling of SIB 1 using SSB with and without increase in SSB size.

Observation 5: Scheduling of SIB1 using SSB will provide a net energy saving gain of 6.83%, 11.04%, 24.04%, 37.04% and 49.3% for power offsets of -5, -4.5, -3, -1.5 and 0 dB respectively when compared with scheduling of SIB1 using DCI 1_0.
Observation 6: In case of scheduling of SIB1 using SSB, the increase in the size of SSB reduces the energy saving gains. when compared with keeping the size of SSB scheduling SIB1 as same as conventional SSB.
Proposal 4: Scheduling of SIB1 using SSB is supported.
Proposal 5: Study mechanisms to overcome increase in size of SSB, scheduling SIB1


2.1.2 Adaptation of BS sleep state:
The energy saving at the gNB can be achieved by enabling sleep states without any transmission and reception or by deactivating some components e.g., RF components or cells or beams. The gNB can activate sleep state for a cell requiring no communication in UL or DL for certain duration of time in dynamic and/or semi-static way based on UE traffic and arrival rate. The sleep state can be predefined in slot, sub-frame, or frame level and the gNB can dynamically activate one of the predefined sleep states. The adaptation of sleep states at gNB will have an impact on the legacy operations and creates certain conflicts and unnecessary operations at the UE. The UE might be configured with some operations in a slot, in which the gNB is in the sleep state. In that case, the UE will unnecessarily perform the configured operation resulting in wastage of power. The configuration can be for some periodic signals like SSB, CSI-RS, sounding reference signal (SRS), physical downlink control channel (PDCCH) or some periodic data signals like configured grant and semi-persistent scheduling. E.g., UE is semi-statically configured to receive periodic CSI-RS in slot n, in which the gNB is in sleep, then the gNB will not transmit CSI-RS in slot n, but the UE will unnecessarily monitor for CSI-RS. This situation is avoided by signaling information about the sleep state, in terms of type of sleep state, starting time and duration, to the connected UEs. The starting time and duration can be in terms of number of slots, sub-frames or frames. 
Observation 7: The adaptation of sleep states at gNB will have an impact on the legacy operations at UE.
Proposal 6: Signaling information about sleep state (e.g., type of sleep state, starting time and duration) to connected UE is supported.

2.2 Frequency domain techniques
2.2.1 Dynamic adaptation of bandwidth:

In NR, a large bandwidth (BW) to support advanced services and features increases the power consumption of the network. Adapting the size of the BW active at the gNB, by disabling some portion of the BW, based on load, reduces the energy consumption of the gNB. However, adaptation of bandwidth may cause deactivation of certain frequency resources assigned to a UE that leads to conflicts, unnecessary transmissions and monitoring. For e.g., in Fig. 3, green portion indicate the portion of BW that is dynamically switched off by the gNB for energy saving purpose. In figure, the BWP 1 of connected user is overlapping with the disabled portion of the BW of the gNB. If the UE is semi-statically configured to monitor the resource for some DL signal in the overlapping region, then the UE will unnecessarily monitor the resource. Therefore, to reduce the impacts of legacy operations falling in disabled portion, the gNB can signal information about dynamic adaptation of BW to the active UEs, so that the UEs can evaluate the overlapping portion and adapt operations accordingly. The indication about dynamic adaptation of BW of gNB will be used by the UE to adapt the BW of its active BWP. Thereby avoiding BWP switching and associated switching delay. The BS indicating the dynamic adaptation of BW as a group-common signaling for a number of UEs will help in reducing the latency and lowering the signaling overhead.
Observation 8: Dynamic adaptation of bandwidth causes deactivation of certain frequency resources assigned to a UE that leads to conflicts, unnecessary transmissions and needless monitoring.
Observation 9: Group-common signaling to a number of UEs to adapt the bandwidth of their corresponding active BWPs and continue operating in same BWPs reduces the latency and lowers the signaling overhead.
Proposal 7: gNB signaling information about dynamic adaptation of BW to the active UEs is supported
· Adapting the bandwidth of active BWP of a UE based on signalling from gNB is supported.
[image: Chart
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Fig. 3: Disabled section of gNB BW overlapping with UE BWP.

2.3 Spatial domain techniques
In NR, with the usage of higher frequencies and requirement for narrow beams, the usage of number of antenna, TRX chains and antenna elements has increased, which is a dominant contributor for energy consumption at the gNB. The energy consumption at gNB can be reduced by adapting number of the spatial elements used for transmission or receptions based on parameters like channel condition, QoS requirement, UE arrival rate, user density and traffic load. For e.g., the gNB can deactivate some of antenna elements and transmit or receive with less number of antenna ports as shown in Fig. 4. However, the adaptation of antenna components will have an impact on the transmission/reception of channels/signals. For e.g., CSI-RS resources semi-statically configured to the UE is associated with certain port number. The dynamic adaptation of logical ports creates a requirement to update the CSI-RS configuration given to the UE, which will cause unnecessary increase in the DL overhead, delay and power consumption. Therefore, gNB dynamically signaling information about the port adaptation to the UE is supported. The dynamic indication about ports adaptation will help the UE to update its active CSI-RS configuration implicitly and perform measurements based on the updated CSI-RS configuration. 
Fig. 4: Antenna panel with 32 and 16 ports in (a) and (b) respectivelya) 32 Ports
b) 16 Ports
Active antenna elements
De-active Antenna elements


Proposal 8: gNB dynamically adapting the logical ports for energy saving is supported.
Proposal 9: gNB dynamically signaling information about ports adaptation to the UE is supported.
· UE implicitly updating the CSI-RS resource configuration based on ports adaptation is supported.

2.4 Power domain techniques
In NR, the EPRE of downlink signals and channels are associated with each other and is derived from the power offset values provided by higher layers to the UE. The power offset is the ratio of EPRE between two DL signals or channels. The EPRE is same across all the resource elements and bandwidth of the signal/channel. The semi static updation of the downlink transmit power which is provided to the UE causes unnecessarily power consumption at gNB in certain cases. For example, in a good channel condition or in a case of UEs near to the gNB, dynamic reduction in the transmit power will help to conserve energy at the gNB. Thus, dynamic adaptation of downlink transmission power is supported for NES. The adaptation should take into account the dynamic variations like variable channel condition, UE density, traffic arrival rate, etc. to achieve an optimized transmission power. The dynamic adjustment of DL power can also be made specific to a set of resources such as slot, sub band etc. The DL transmission power for each set of resources will vary since the channel conditions will vary for each set of resources. Users allotted with these resources will face dynamic adjustment in DL power. The change in transmission power in any DL signal or channel will cause a corresponding change in transmission power of associated DL signals and channels. Thus, an indication about the dynamic power adaptation of a DL signal and channel is provided by the BS to consider the variance in power for configured measurements at the UE. 
Some assistance information from the UE, e.g., interference related information, helps in the dynamic adaptation of DL power at gNB.
Proposal 10: Dynamically adapting the DL transmission power at gNB in specific set of frequency and time resources utilizing assistance information from the UE is supported.
Proposal 11: Dynamically indicating about the DL transmission power adaptation at gNB to the UE is supported.

3 Conclusion
In this contribution, we discussed the techniques required for NES. According to the technical analysis, the following proposals are made, 
[bookmark: move11094953112]Observation 1: Mandatory set operations consume energy at the gNB irrespective of the load
Observation 2: Use of lighter version of SSB provides 
· 46% energy saving gain in no load scenario
· 11.2% energy saving gain in low load scenario
· 4.5% energy saving gain in light load scenario

Observation 3: Use of lighter version of SSB as along with gNB offloading provides 
· 17.9% energy saving gain in low load scenario
· 13.43% energy saving gain in light load scenario
· 11.18% energy saving gain in medium load scenario

Proposal 1: Support use of light versions of SSB, consisting of PSS, SSS and partial PBCH, at the gNB for energy saving.
Proposal 2: In case of use of lighter version of SSB by a gNB, following are supported for remaining content of the PBCH 
· Predefined values in the standards
· Signaled by the gNB transmitting the lighter version of SSB.

Observation 4: Use of different periodicity for beams within a burst based on UE activity will provide significant energy saving at the gNB.
Proposal 3: Adaptation of SSB periodicity at beam level is supported.
Observation 5: Scheduling of SIB1 using SSB will provide a net energy saving gain of 6.83%, 11.04%, 24.04%, 37.04% and 49.3% for power offsets of -5, -4.5, -3, -1.5 and 0 dB respectively when compared with scheduling of SIB1 using DCI 1_0.
Observation 6: In case of scheduling of SIB1 using SSB, the increase in the size of SSB reduces the energy saving gains. when compared with keeping the size of SSB scheduling SIB1 as same as conventional SSB.
Proposal 4: Scheduling of SIB1 using SSB is supported.
Proposal 5: Study mechanisms to overcome increase in size of SSB, scheduling SIB1
Observation 7: The adaptation of sleep states at gNB will have an impact on the legacy operations at UE.
Proposal 6: Signaling information about sleep state (e.g., type of sleep state, starting time and duration) to connected UE is supported.
Observation 8: Dynamic adaptation of bandwidth causes deactivation of certain frequency resources assigned to a UE that leads to conflicts, unnecessary transmissions and needless monitoring.
Observation 9: Group-common signaling to a number of UEs to adapt the bandwidth of their corresponding active BWPs and continue operating in same BWPs reduces the latency and lowers the signaling overhead.
Proposal 7: gNB signaling information about dynamic adaptation of BW to the active UEs is supported
· Adapting the bandwidth of active BWP of a UE based on signalling from gNB is supported.
Proposal 8: gNB dynamically adapting the logical ports for energy saving is supported.
Proposal 9: gNB dynamically signaling information about ports adaptation to the UE is supported.
· UE implicitly updating the CSI-RS resource configuration based on ports adaptation is supported.
Proposal 10: Dynamically adapting the DL transmission power at gNB in specific set of frequency and time resources utilizing assistance information from the UE is supported.
Proposal 11: Dynamically indicating about the DL transmission power adaptation at gNB to the UE is supported.
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