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Introduction
In [1], one objective of network energy saving is to study and identify techniques.
	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


This contribution discusses the network energy saving techniques in high level. 

Time domain techniques
Candidate techniques
In [2], all candidate techniques in time domain are listed as follows.
	Agreement
Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) 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;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
b) potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
c) semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
d) support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
e) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
f) Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
g) UE assistant information facilitating BS time domain adaptation
Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.



Reduction of common signal/channel
In this sub-section, the following technique is discussed.
	a) 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;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals


From perspective numerical analysis, the reduction ratio of the common signal/channel is equal to the power saving gain (ratio) in empty load case. For example, if the common signal/channel, e.g. SSB/SIB1/paging/…, are all reduced by 1/4, e.g. prolonging the periodicity to four times, then the power saving gain is 25%.
However, if it is applied to the macro cell directly, the capacity and coverage of network with respect to initial access and mobility may not be guaranteed. UE experience will be degraded also. In our view, the reduction of common signal/channel can be realized by other techniques to guarantee the capacity and coverage, e.g. dynamic cell on/off and DTX, which are to be shown in the following sub-sections.
Observation 1: The reduction of common signal/channel can provide the energy saving gain, but it needs be realized by other techniques, e.g. dynamic cell on/off and DTX.
Proposal 1: Study in which scenarios the reduction of common signal/channel can be reduced without affecting UEs mobility and initial access.

Dynamic cell on/off with load balance
In this sub-section, the following technique is discussed.
	c) semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration


The cell activation/deactivation has been studied in [3], and one example figure is copy and pasted in the following figure.

Figure 5.1.3.3-1: gNB capacity booster cell fully overlaid by candidate cell(s)
Firstly, idle/inactive UEs in the macro cell coverage can camp on the macro cell, and the micro cell is switched on only when there is traffic demand. Therefore, the dynamic micro cell on/off can bring the energy saving gain.
Secondly, connected UEs can be switched to the macro cell or the micro cell subject to the total power in the macro cell coverage is minimized. The total power consumption depends on many factors, e.g. the distribution of the micro cell and the connected UEs. To achieve this type of total power consumption minimization, the dynamic load balance between the macro cell and the micro cell should be supported.
Observation 2: Dynamic cell on/off with load balance can provide the energy saving gain.

[bookmark: _GoBack]DTX with traffic concentration
In this sub-section, the following technique is discussed.
	b) potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.


If the energy consumption of empty load is higher than that of a given sleep mode plus transition energy, BS can concentrate the traffic data and periodic signal/channel in a short duration and then enter the given sleep mode in consecutive short duration.
Observation 3: DTX with traffic concentration can provide the energy saving gain, if the energy consumption of empty load is higher than that of a give sleep mode plus transition energy.

Frequency domain techniques
Candidate techniques
In [2], all candidate techniques in frequency domain are listed as follows.
	Agreement
Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
2) For operation with multi-carrier
a) enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching



Reduction of common signal/channel in CA framework
Similar to the single carrier case, in CA framework, the reduction of common signal/channel can be realized by other techniques, e.g. dynamic cell on/off and DTX.
	2) For operation with multi-carrier
a) enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations


Observation 4: The reduction of common signal/channel can be realized by SCell operations.

SCell operation in CA framework
SCell operations can naturally support dynamic cell on/off and DTX to provide the energy saving gain. 
	2) For operation with multi-carrier
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching


Observation 5: The dynamic cell on/off and the DTX can be realized by SCell operations.

Load balance by bandwidth adaptation
The dynamic cell on/off with load balance can provide the energy saving gain. In fact, in some cases the load balance can provide the energy saving gain, even if there is no cell turned on/off. Therefore, enabling load balance by bandwidth adaptation can provide the energy saving gain.
	1) For operations with single-carrier or within a single CC
d) Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density


Observation 6: Enabling load balance by bandwidth adaptation can provide the energy saving gain.

Spatial domain techniques
Candidate techniques
In [2], all candidate techniques in frequency domain are listed as follows.
	Agreement
Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
a) Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
b) impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,
c) feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
d) signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
e) dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  
g) Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
h) grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain



Reduction of beams of common signal/channel
Similar to the reduction of common signal/channel, the reduction of beams of common signal/channel can provide the energy saving gain, but needs to be realized by other techniques, e.g. dynamic cell on/off and DTX.
	e) dynamic TRxP adaptation;
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE


Observation 7: The reduction of beams of common signal/channel can provide the energy saving gain, but it needs be realized by other techniques, e.g. dynamic cell on/off and DTX.

TRxP(s) on/off adaptation
Similar to dynamic cell on/off with load balance, TRxP(s) on/off adaptation can provide the energy saving gain. 
	e) dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.


Observation 8: TRxP(s) on/off adaptation can provide the energy saving gain.
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We have the following observations.
Time domain techniques
Observation 1: The reduction of common signal/channel can provide the energy saving gain, but it needs be realized by other techniques, e.g. dynamic cell on/off and DTX.
Observation 2: Dynamic cell on/off with load balance can provide the energy saving gain.
Observation 3: DTX with traffic concentration can provide the energy saving gain, if the energy consumption of empty load is higher than that of a give sleep mode plus transition energy.
Frequency domain techniques
Observation 4: The reduction of common signal/channel can be realized by SCell operations.
Observation 5: The dynamic cell on/off and the DTX can be realized by SCell operations.
Observation 6: Enabling load balance by bandwidth adaptation can provide the energy saving gain.
Spatial domain techniques
Observation 7: The reduction of beams of common signal/channel can provide the energy saving gain, but it needs be realized by other techniques, e.g. dynamic cell on/off and DTX.
Observation 8: TRxP(s) on/off adaptation can provide the energy saving gain.

We have the following observations.
Proposal 1: Study in which scenarios the reduction of common signal/channel can be reduced without affecting UEs mobility and initial access.
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