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The following was agreed corresponding to evaluation of different network energy saving techniques [1].
	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
Agreement
For non-sleep mode, the relative power value in power model table for UL reception and/or DL transmission is provided based on reference configuration.

Agreement
For set 2 FR1 FDD TxRx reference configuration, confirm the WA as 32 in reference configuration.

Agreement
The total DL power level is 49 dBm for set 2 FR1 FDD reference configuration.

Agreement
For the purpose of evaluation, adopt the following as BS power consumption model. These entries for this table is per reference configuration set.
· FFS: One or multiple values for relative power and transition time.
	Power state
	Characteristic
	Relative Power
	Additional transition energy3
	Total transition time

	Deep sleep1
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	P1=1
	E1
	T1 

	Light sleep
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state.
(P2>P1)
	P2
	E2
	T2 

	Micro sleep
	There is neither DL transmission nor UL reception.
Immediate transition is assumed for network energy saving study purpose from or to a non-sleep state.
	P3
	0
	0

	Active DL
	There is only DL transmission.
	P4
	NA
	NA

	Active UL
	There is only UL reception.
	P5
	NA
	NA

	Note 1: Depending on implementations, there could be a state that the power is lower than deep sleep and requires larger total transition time, e.g. hibernating sleep or Quasi-off, which is not explicitly modeled in this study for evaluation purpose. 
Note 3: Unit in relative power times duration. FFS: Details on how transition energy is defined.


· For simultaneous DL and UL transmission for FDD, the power for UL reception is neglected in this study. 
· FFS: Optionally, a state machine where BS may transit between sleep modes without entering non-sleep mode can be considered. Companies are to report the involved sleep modes and the assumptions for inter-sleep mode transition time used in their evaluations.
· FFS: Details on how to use the above table for low power uplink reception (e.g. for WUS).

Working Assumption
For reference configuration set 1, the values are provided as below. FFS set2 and set 3.
	Power state
	Relative Power P
	Total transition time T

	Deep sleep
	1
	1
	Cat 1:
50ms 
	Cat 2:
10s

	Light sleep
	Cat 1: 25

	Cat 2: 2.1

	Cat 1: 6 ms

	Cat 2: 640 ms

	Micro sleep
	Cat1: 55
	Cat 2: 5.5
	0
	0

	Active DL
	Cat 1: 280
	Cat 2: 32
	N.A.
	N.A.

	Active UL
	Cat 1: 110
	Cat 2: 6.5
	N.A.
	N.A.



Agreement
· For FR1, urban micro can be optionally considered.
· For FR2, urban micro is prioritized, with ISD=200 m is assumed. 

Agreement
It is up to company report which traffic model is used among the agreed three traffic models in their evaluations.
· Other models may be used as well. Parameter (e.g. packet size and arrival rate) adjustment can be optionally considered and reported.

Agreement
For set 3 FR2 reference configuration, the total DL power level and EIRP limit is set as 33 dBm and 63 dBm respectively. Note EIRP limit is also scaled with the number of TxRU.

Agreement
For evaluation purpose, network energy saving gain is computed based on the energy consumptions for a technique and the baseline over the same duration.  

Agreement
For initial evaluations, there is always a non-sleep mode assumed between adjacent sleep modes. 

Agreement
Companies to report the assumption details for the reception of a low-power UL channel/signal, if used, including power states, additional transition energy, and transition times, receiver details (e.g. architecture and receiver sensitivity), and other impact/change on the power consumption model.

Agreement
Update the RAN1 agreements with the following changes
In the evaluation,
· A load (L)% of a cell is a percentage of resources used for UE specific PDSCH/PUSCH.
· The following load scenarios are considered.
	Load scenario
	Characteristics

	Idle/empty load
	· Include cell-specific signals and channels, and
· L = 0

	low load
	· Include cell-specific signals and channels, and
· 0 < L≤15

	Light load
	· Include cell-specific signals and channels, and
· 150 < L≤30

	Medium load
	· Include cell-specific signals and channels, and
· 30 < L≤50

	For CA, the companies report whether the load is defined per CC or across all CCs.



Agreement
During the transition time period, relative power of sleep mode i is assumed to be consumed. Additional transition energy and total transition time also include energy and time for both ramping down and ramping up

Agreement
· The total transition time for set 2 and set 3 is the same as that for set 1.
· Companies are encouraged to check the input and values provided in section 2.1.4.2 of R1-2208312 for further determination.

Conclusion
Companies are encouraged to check discussion in section 2.2.2 of R1-2208312 for scaling discussion in the next meeting.

Agreement
· FFS whether to set exact requirements/QoS target for UPT and/or latency impact
· Other KPIs can be optionally reported, conditioned with clear definition/descriptions provided.
· Note for potential new channel/signals, e.g. WUS from UE, the assumption for detection reliability at BS side is reported (performance and complexity impact would subject to results and further discussion).

Agreement
It is up to company report the use of UE C-DRX.
· the baseline configuration (for alignment/calibration) for C-DRX, if reported, can be as below; 
· Other inactivity timer values can be optionally reported
	Traffic type
	FTP 
	IM
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX Period
	160 ms
	320 ms 
	40 ms

	DRX Inactivity timer
	100 ms
	80 ms
	10 ms

	On duration
	FR1: 8 ms
FR2: 4 ms
	FR1: 10 ms
FR2: 5 ms
	FR1: 4 ms
FR2: 2 ms



Agreement
· For FR1, adopt the Reference SLS configurations in Annex-A in R1-2208312 as baseline SLS assumptions.
· Other carrier frequencies can be optionally considered.
· FFS For FR2 adopt the Reference SLS configuration used in Dense Urban Config.B in Table2 of RP-180524 for IMT-2020 with the following clarification/update as initial SLS assumption.
· BS antenna configurations
· 2 TxRU (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
· (dH, dV) = (0.5λ, 0.8λ) (dg,H, dg,V) = (4.0λ, 3.6λ)
· Traffic model & UE density
· Follow previous agreements with adjusted UE density
· Total transmit power per TRxP
· Value scaled from that in set 3 reference configuration considering BW 
· Further adjustment/clarification can be discussed in the next meeting.





Annex A of R1-2208312 is as follows:
	Annex A of R1-2208312
Table A The evaluation assumption for BS power consumption model
	
	Parameters

	Basic parameters
	Channel model
	3D/HF-Uma based on TR 38.901
(low-loss O2I penetration model)
	3D/HF-Uma based on TR 38.901
(low-loss O2I penetration model)

	
	Device deployment
	80% indoor, 20% outdoor
	80% indoor, 20% outdoor

	
	Inter-site distance
	500m
	500m

	
	Network Topology
	7*3 Sector
	7*3 Sector

	
	Carrier Frequency
	2.1GHz
	4.0GHz or 2.6GHz

	
	Multiple access
	OFDMA
	OFDMA

	
	Duplexing
	FDD (for set 2 ref. config)
	TDD (for set 1 ref. config.)

	
	Numerology
	15KHz,
14 OFDM symbol slot
	30kHz,
14 OFDM symbol slot

	
	Guard band ratio on simulation bandwidth
	FDD: 6.4% (104RB for 15kHz SCS and 20 MHz BW)
	TDD: 2.08% (272 RB for 30kHz SCS and 100 MHz bandwidth)

	
	Simulation bandwidth
	Follow reference configuration, (equal split of 10 MHz for UL and DL)
	Follow reference configuration

	
	Frame structure
	
	DDDSU

	
	UT attachment
	Based on RSRP
	Based on RSRP

	
	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	
	Traffic model
	Follow previous RAN1 agreements
	Follow previous RAN1 agreements

	BS parameters
	BS antenna height
	25 m
	25 m

	
	BS noise figure
	5 dB
	5 dB

	
	BS antenna element gain
	8 dBi
	8 dBi

	
	Antenna configuration at TRxP
	For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ
	For 64T: (M, N, P, Mg, Ng, MP, NP,) = (8, 8, 2, 1, 1, 4, 8).
based on 38.802

	UE parameters
	UE power class
	23dBm
	23dBm

	
	UE noise figure
	9 dB
	9 dB

	
	UE antenna element gain
	0 dBi
	0 dBi

	
	UE antenna height
	Outdoor UEs: 1.5 m; Indoor Uts: 1.5m or consider floor height
	Outdoor UEs: 1.5 m; Indoor Uts: 1.5m or consider floor height

	
	Antenna configuration at UE
	For 4R: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ
	For 4R: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ

	Transmission parameters
	Modulation
	Up to 256 QAM
	Up to 256 QAM

	
	Transmission scheme
	SU-MIMO 
	SU-MIMO 

	
	SU dimension
	For 4Rx: Up to 4 layers
	For 4Rx: Up to 4 layers

	
	DL CSI measurement
	Non-precoded CSI-RS  based
	Precoded CSI-RS based

	
	DL codebook
	Type I/II codebook
	non-PMI transmission

	
	SRS transmission
	N/A
	For UE 4 Tx ports: Non-precoded SRS

	
	CSI feedback
	Company to report the assumptions
	Company to report the assumptions 

	
	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	
	Scheduling
	PF
	PF

	
	Receiver
	MMSE-IRC
	MMSE-IRC

	
	Channel estimation
	Non-ideal
	Non-ideal

	Common RS
	SSB period
	20ms
	20ms



(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization



Energy consumption is a major contributor to the network OPEX. Increasing capacity while keeping network energy consumption low is a big challenge for 5G NR based network. Energy consumption model and KPI development are important parts of Rel-18 Network Energy Saving study, which allow us to evaluate different network energy saving techniques. In RAN1- #110, good progress was made towards identifying a suitable evaluation framework for BS power consumption. In this contribution, we present our views on remaining aspects of evaluation methodology.

Discussion on remaining aspects of evaluation methodology
Discussion on sleep modes
In RAN1 #110, three sleep modes such as Deep sleep, Light sleep, and Micro-sleep were agreed with relative power values and transition times for two Categories. However, no consensus was reached regarding the additional transition energy values. Based on discussion from RAN1 #110, for set 1 FR1 TDD, our proposed values for the additional energy consumption (unit in relative power*(duration in ms)) is provided below:
Table 1:  Additional transition energy values for transition to/from SM for Set 1
	Power state
	Additional transition energy 
(unit in relative power*ms)

	
	Category 1
	Category 2

	Deep sleep
	1350
	13000

	Light sleep
	90
	1088



Since it was agreed that total transition times for sleep modes in Set 2 and Set 3 are the same as in Set 1, we propose to adopt same additional transition energy values for all the sets as well.




Proposal 1: Adopt the following additional transition energy values for Sets 1, 2, and 3.
	    Power state
	Additional transition energy 
[bookmark: _Hlk115379203](unit in relative power*ms)

	
	Category 1
	Category 2

	Deep sleep
	1350
	13000

	Light sleep
	90
	1088



Remaining aspects of reference configuration
Channel model applicable for FR1 FDD and TDD were assumed to be TR 38.901 UMa channel model. However, the text had been struck out in the evaluation parameter list. We suggest adding back the description for clarity.
Proposal 2: Adopt TR38.901 UMa as the channel model for the reference configuration for FR1 TDD and FDD.
	
	Parameters

	Basic parameters
	Channel model
	3D/HF-Uma based on TR 38.901
TR 38.901 UMa
(low-loss O2I penetration model)
	3D/HF-Uma based on TR 38.901
TR 38.901 UMa
(low-loss O2I penetration model)




Scaling of energy consumption model
Although relative power model for reference configuration was agreed in RAN1 #110, the scaling power model is still open. It is necessary to obtain a well-rounded scaling power model to consider different choices of antenna configurations, transmit power, occupied BW and symbols within a slot, considering both DL and UL.
At least for FR1 TDD, we think the BS power consumption for active DL state can be provided by
                                                               	(1)
where  represents a static part for which the power does not scale based on the reference configurations. In our view,  should corresponds to Micro-sleep state, P3, and the value should be 55 and 5.5 for Category 1 and Category 2 models, respectively.
On the other hand,   refers to dynamic part of the power that is scaled based on the reference configuration and factors such as number of antennas, time/frequency resource occupation, transmit power, DL or UL symbols in a slot etc. Note that  holds, where P4 refers to the active DL relative power value for the reference configuration and is given by 280 and 32 for Category 1 and 2, respectively.
At least considering frequency, spatial and power domain, we think   can be provided as 

                                              ,	(2)
where
· , refer to the percentage of active TRxRUs, the ratio of RF bandwidth and maximum system BW and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively.
·  is the PA efficiency 
· We suggest default value of 1 can be assumed for initial evaluations. Other values < 1 can be optionally evaluated
·  refers to component of dynamic power that is scaled based on number of active set of antennas only
· 110 value for this part for Category 1
·  refers to component of dynamic power that is scaled based on both number of active set of antennas and amount of occupied BW
· 115 value for this part for Category 1
· Note that choices of   and  need to ensure that when all scaling factors are 1,  . 

Now, the BS power consumption for active UL can be provided as follows:
                                                                                                                          (3)
Where   = P3, , and P5 refers to active UL state relative power for the reference configuration.
Considering a TDD slot comprising DL and/or UL symbols, the overall power consumption in the slot can be provided based on (1), (2), (3), as follows:
                                                      ,	   (4)
where    and  represents the ratios of the number of active DL and UL symbols within a slot to  the number of symbols within a slot, respectively.
Proposal 3: Adopt the following power scaling model for obtaining relative power of a slot for different DL/UL symbol pattern in a slot, BW occupancy, antenna configuration and transmit power.
                                                     ,
where, 
·   = P3, a static part for which the power does not scale based on the reference configurations. P3 refers to Micro-sleep state power value.
·  should be 55 and 5.5 for Category 1 and Category 2 models, respectively.

·  and  represents the ratios of the number of active DL and UL symbols within a slot to the number of symbols within a slot, respectively.
·  , where  
· , , refer to the percentage of active TRxRUs, the ratio of RF bandwidth and maximum system BW and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively.
·  is the PA efficiency, for which default value is 1. Other values < 1 can be optionally evaluated
·  refers to component of dynamic power that is scaled based on number of active set of antennas only
· We suggest value of 110 for this part for Category 1
·  refers to component of dynamic power that is scaled based on both number of active set of antennas and amount of occupied BW
· We suggest value of 115 value for this part for Category 1
· , where P5 refers to active UL state relative power for the reference configuration.


Conclusions
In this contribution, we discussed issues related to evaluation methodology for network energy saving SI. The following is a summary of the proposals and observations:
Proposal 1: Adopt the following additional transition energy values for Sets 1, 2, and 3.
	Power state
	Additional transition energy 
(unit in relative power*ms)

	
	Category 1
	Category 2

	Deep sleep
	1350
	13000

	Light sleep
	90
	1088



Proposal 2: Adopt TR38.901 UMa as the channel model for the reference configuration for FR1 TDD and FDD.
	
	Parameters

	Basic parameters
	Channel model
	3D/HF-Uma based on TR 38.901
TR 38.901 UMa
(low-loss O2I penetration model)
	3D/HF-Uma based on TR 38.901
TR 38.901 UMa
(low-loss O2I penetration model)



Proposal 3: Adopt the following power scaling model for obtaining relative power of a slot for different DL/UL symbol pattern in a slot, BW occupancy, antenna configuration and transmit power.
                                                                ,

where, 
·   = P3, a static part for which the power does not scale based on the reference configurations. P3 refers to Micro-sleep state power value.
·  should be 55 and 5.5 for Category 1 and Category 2 models, respectively.
·  and  represents the ratios of the number of active DL and UL symbols within a slot to the number of symbols within a slot, respectively.
·  , where  
· , , refer to the percentage of active TRxRUs, the ratio of RF bandwidth and maximum system BW and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively.
·  is the PA efficiency, for which default value is 1. Other values < 1 can be optionally evaluated
·  refers to component of dynamic power that is scaled based on number of active set of antennas only
· We suggest value of 110 for this part for Category 1
·  refers to component of dynamic power that is scaled based on both number of active set of antennas and amount of occupied BW
· We suggest value of 115 value for this part for Category 1
· , where P5 refers to active UL state relative power for the reference configuration.
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