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Introduction
In RAN#94 meeting, a new study item “Study on network energy savings for NR” [1] was approved for Rel-18, with the following objectives: 
	 The objectives of the study are the following:

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.


During RAN1#109 meeting, the energy consumption model, evaluation methodology and the candidate techniques were initially discussed, and the agreement was captured in [2]. 
In this paper, we provide the general considerations on RAN2 study of this SI.
Discussion
Modelling and evaluation
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]In RAN1#109 meeting, the modelling and evaluation methodology for BS energy consumption were initially studied and some agreement was achieved. The detailed agreement is shown in Appendix I, and the main points of the agreement are summarised in Table I. 
Table I．Summary of RAN1#109 agreement on modelling and evaluation
	
	Main points

	BS energy consumption modelling
	· BS energy consumption for DL and UL are separately modelled.
· BS energy consumption on slot level (and FFS symbol level) are modelled.
· A reference configuration is provided, and the scaling method is FFS.

	Evaluation methodology and KPIs
	· Evaluation baseline includes at least NR R15 mandatory without capability features.
· BS related KPIs: BS energy saving gain.
· UE related KPIs: UE power consumption, UPT, latency, etc.



The modelling and evaluation methodology draw the following inspiration for the design of NES techniques.
1) The BS energy consumption for DL (i.e. BS transmitting) may be quite distinct from that for UL (i.e. BS receiving). Generally, the BS energy consumption for UL is much smaller than that for DL. If this is finally identified/confirmed by RAN1 in the BS energy consumption model, the NES SI should focus on how to reduce the energy consumption for DL.
2) Legacy NES operations are mainly semi-dynamic, e.g. cell switching on/off in time granularity of minutes or hours, while the dynamic NES operations in finer time granularity such as subframe/slot/symbol is not well supported by current specifications. As the dynamic NES operations apply to a more diverse scenarios e.g. low/medium/high load scenarios, more energy saving gain is expected to be achieved by employing the dynamic NES operations. Therefore, the NES SI should focus on how to enable/support the dynamic NES operations. 
3) The impact on UEs needs to be figured out. The performance of UEs (e.g. UPT, UE power consumption) can be evaluated through link/system level simulation in RAN1, and the impact on signalling and procedures can be analysed by RAN2. 
Observation 1: The NES SI focuses on how to reduce the major part of BS energy consumption (e.g. probably the energy consumption for DL) and how to enable/support the dynamic NES operations. 
As RAN1 has already made evaluation assumption and would bring subsequent simulations, RAN2 seems no need to duplicate the performance evaluation work. RAN2 work can focus on the impact on higher layer procedures, UE behaviours etc. to assess the solution feasibility from RAN2 perspective.
Proposal 1: RAN2 does not need to have performance evaluation to duplicate the RAN1 work, and can focus on higher layer specific aspects to assess the solution feasibility.
NES techniques
The NES techniques include time-, frequency-, spatial- and power-domain techniques with corresponding feedback and assistance information from UEs. Some candidate techniques were identified at RAN1#109. The agreement achieved at RAN1#109 captures the identified candidate techniques (Appendix II), and the main points are summarized in Table II.
Table II．Summary of RAN1#109 agreement on NES techniques
	
	Main points

	Time domain techniques
	· Reduce common channels/signals (e.g. SSB, SIB1, other SI, paging, PRACH).
· Reduce periodic and semi-persistent channels/signals (e.g. CSI-RS, SRS, PRS, SPS PDSCH).
· Cell activation request by UE.
· Enhancements to L1/L2 based mobility to efficiently enable TRP shutdown.
· Dynamic adaptation of UE C-DRX in a UE-group or cell-specific manner.

	Frequency domain techniques
	For operations with single-carrier or within a single CC
· Dynamic BW adaptation, e.g. UE-group BWP switching.
· UE group-common BWP, cell-specific BWP, dedicated BWP for NES. 
For operation with multi-carrier 
· SSB-less secondary cell operation for some CC in case of inter-band CA.
· SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reduce other common channels/signals for some CC in multi-carrier operations.
· UE-group common dynamic PCell switching for NES.

	Spatial domain techniques
	· Dynamic adaptation of spatial elements (e.g. antenna element, TxRU, TRxP, logical port).
· Joint adaptation of spatial-, frequency-, power-domain configurations to avoid coverage loss.

	Power domain techniques
	· Dynamic adjustment of power for CSI-RS, PSD for PDSCH, etc.
· Techniques to improve PA efficiency and power efficiency, e.g. DPD adaptation, etc.

	UE assistance information
	· Examples: preferred SSB configurations, indication of semi-static UL transmissions, indication of buffer status for UL channel transmissions, UE traffic information, mobility status, location.
· Conditions for triggering the assistance information from UE.



In RAN2, the discussion can also be categorized into time-domain, frequency-domain, spatial-domain, and power domain techniques. In addition to the UE assistance information, some candidate techniques have both RAN1 and RAN2 impacts, which requires parallel discussion in RAN2 to analyse higher layer aspects to complete the solution feasibility study. Going through the candidate techniques listed by RAN1, it can be observed that:
1) Most candidate time-domain and frequency-domain techniques listed by RAN1 have RAN2 impacts. For instance, reducing the common channels/signals may impact the cell selection and access procedure in L2/L3; cell activation request by UE may impact the access control and measurement procedures; SIB-less operation may impact the system information broadcasting and acquisition procedure. RAN2 can consider discussing the potential impacts to RAN2 for these candidate solutions.
2) Spatial domain and power domain techniques identified by RAN1 may have RAN2 impact mainly for signalling or configuration adaptation. Some of these candidate techniques may be straightforward for RAN2 to simply have RRC reconfiguration of additional parameters, which can be easily done during normative work; there may be some other candidate techniques which may need some discussion whether faster adaptation like MAC CE is needed. RAN2 discussion could focus on those aspects which may need to check whether RRC or MAC CE is more suitable, and leave those configuration which only needs straightforward RRC adaption to the normative work.
3) UE assistance information can be discussed in both RAN1 and RAN2, as they may relate to the overall procedure of the energy saving technique. The candidate techniques in each domain may or may not need additional UE assistance information. RAN2 can consider discussing the need for UE assistance information case by case first, and later figure out whether there is common UE assistance information needed regardless of the technical domain. In addition, as the current term “UE assistance information” may lead to the confusion that this points to UAI, it is suggested to use “assistance information from the UE side” in the later discussion within this study. 
Proposal 2: Among the candidate techniques listed by RAN1, techniques which require the feasibility study from both RAN1 and RAN2 can be discussed in RAN2 for higher layer aspects in parallel with RAN1, including procedures, signaling if it may need to differ whether to use MAC or RRC signaling, and assistance information from the UE side.

Conclusion
[bookmark: OLE_LINK3]In this paper, we reviewed the RAN1’s progress for NES and provided the general considerations of RAN2 study. The following observations and proposals are made:
Observation 1: The NES SI focuses on how to reduce the major part of BS energy consumption (e.g. probably the energy consumption for DL) and how to enable/support the dynamic NES operations. 
Proposal 1: RAN2 does not need to have performance evaluation to duplicate the RAN1 work, and can focus on higher layer specific aspects to assess the solution feasibility.
Proposal 2: Among the candidate techniques listed by RAN1, techniques which require the feasibility study from both RAN1 and RAN2 can be discussed in RAN2 for higher layer aspects in parallel with RAN1, including procedures, signaling if it may need to differ whether to use MAC or RRC signaling, and assistance information from the UE side.
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Appendix I: RAN1#109 agreement on model and evaluation
Agreement
For evaluation purpose, the energy consumption modeling for a BS includes at least the following:
· Reference configuration
· FFS other details
· Note FR1 and FR2 to be separately considered for detailed parameters
· Multiple power state(s) including sleep/non-sleep mode(s) with relative power, and associated transition time/energy
· Scaling method to be applied at least for non-sleep mode.
· FFS other details including scaling for sleep mode

Agreement
For evaluation purpose, the BS energy consumption model should at least include the power consumption of BS on slot-level.
· Note that symbol-level power consumption to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in a slot is considered.
· FFS details (e.g. explicit symbol-level power modelling, scaling slot-level power to symbol level power for various cases, etc.)
· Note: system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption.

Agreement
· For evaluation, at least for non-sleep mode and TDD, the BS power consumption for DL and UL are separately modelled, allowing DL-only transmission or UL-only reception.
· FFS: whether UL-only reception energy consumption model can be derived/simplified from DL-only transmission energy consumption model
· FFS: the impact of UL reception and/or DL transmission on sleep modes and associated transition time/energy
· FFS: whether/how to define an idle state, where BS is neither transmitting nor receiving but also doesn’t enter into any sleep mode or define it as sleep mode
· FFS: whether the model for FDD can be based on the model for TDD

Agreement
For evaluation purpose, 
· Study how to define sleep modes and determine the characteristics for each mode from one or multiple of the below
· Relative power 
· Transition time
· Transition energy
· Other approaches are not precluded
· Note: BS components that can be turned off can be considered for discussion purpose when defining the specific values of the characteristics for sleep modes.
· Study whether sleep mode is defined for DL(TX) and UL(RX) jointly or separately
· Study the assumption of order for BS entering/resuming from a sleep mode to another mode (sleep or non-sleep) and the associated transition time and energy, i.e. state machine which may have impact on the transition energy.

Agreement
For evaluation, the scaling in a BS energy consumption model can be considered based on one or more of the following,
· Number of used physical antenna elements, or TX/RX RUs
· FFS: Mapping between used TX/RX RUs and used antenna ports
· FFS: Mapping between physical antenna elements and TX/RX RUs
· Occupied BW/RBs for DL and/or UL in a slot/symbol in one CC
· number of CCs in CA
· FFS dependency of RF sharing 
· number of TRPs
· PSD or transmit power 
· FFS dependency on BW scaling
· FFS: PA energy efficiency value
· number of DL and/or UL symbols occupied within a slot
· FFS other domain scaling
· FFS scaling is linearly or else, for each domain
Above does not necessarily imply that BS energy consumption model that takes into account all listed scaling factors will be developed

Agreement
For BS energy consumption evaluation, in addition to the energy saving gain,
· At least UPT/UE power consumption/access delay/latency should be considered for performance impact evaluation
· Note: this doesn’t necessarily mean that all the above are considered for all evaluation results. However, multiple KPIs are expected to be evaluated for a given technique. And this does not preclude to consider other KPIs when found appropriate for certain techniques/scenarios.

Agreement
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.

Agreement
· FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time), FTP3 IM (0.1MB as packet size, 2s as mean inter-arrival time) and VOIP can be considered in the evaluation 
· FFS: with possible further prioritization, different model between DL and UL, and/or other traffic models that can be optionally considered.
FFS associated scenarios/configurations, e.g. C-DRX.

Agreement
For evaluation and BS energy consumption modeling purpose, for single CC case, at least the following in table should be considered for reference configuration
· Note: other TX-RX RU number and corresponding BS antenna configuration can be considered in SLS assumptions
	
	Set 1 FR1
	Set 2 FR1
	Set 3 FR2

	Duplex
	TDD
	FDD
	TDD

	System BW
	100 MHz
	20 MHz
	100 MHz

	SCS
	30 kHz
	15 kHz
	120 kHz

	Number of TRP
	1
	1
	1

	Total number of DL TX RUs
	64
	(working assumption) 32
	2

	Total DL power level
	55dBm
	[49dBm] – to be further discussed and finalized in future meetings

	43dBm – to be further discussed and finalized in future meetings

EIRP limited to 78dBm – to be further discussed and finalized in future meetings

	Total number of UL Rx RUs
	64
	(working assumption) 32
	2



Agreement
As a starting point,
· macro cell BS for FR1 is assumed for energy consumption model.
· FFS: micro cell BS for FR2 is assumed for energy consumption model.

Agreement
The evaluation baseline for energy saving study/evaluation for BS includes at least NR R15 mandatory without capability features. Optional features from R15 onwards (e.g. CA, MIMO) as well as implementation-based energy saving techniques should be explicitly reported and described if used in the evaluation baseline.
· FFS: need of alignment for certain configurations/implementation-based schemes.

Agreement
· Similar to UE power saving study, percentage of energy consumption reduction from the baseline is used to express BS energy saving gain.
· SLS is considered as baseline evaluation method. Other method, including numerical analysis and LLS can also be considered. At least one of the methods should be selected and used for evaluation of a specific technique (selection and criteria is up to proponent).

Working assumption
For evaluation, for energy consumption modelling for FDD and the case of simultaneous DL transmission and UL reception for non-sleep mode, study the following with potential down-selection in RAN1#110
· Option 1: the power consumption is the total of DL and UL power consumption
· Option 2: the power consumption for UL is neglected
· Other option is not precluded
· Note the DL (or UL) power consumption can be obtained using a same approach as that obtained from the DL (or UL)-only in TDD model

Appendix II: RAN1#109 agreement on NES techniques 
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.

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

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

Agreement
Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
a) dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· studying potential UE feedback/assistance information for adjustment of transmission power
· studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· studying geographical area/user density to adjust the transmission power
b) adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered
c) tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579

Agreement
Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· preferred SSB configurations,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· conditions for triggering the assistance information from the UE
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