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1. Introduction
The following SID objectives related to the network energy saving for NR were approved in RAN#94-e meeting [1]:
	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.


In this contribution, we discuss and provide views on the gNB power consumption model and KPI for network energy savings (NES).

2. Discussion
2.1 Total transition time and additional transition energy
	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.
FFS: Whether multiple P5 values are needed to address low power UL mode
	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
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


In RAN1#110 meeting [2], the table (3 entries for sleep mode and 2 entries for non-sleep mode) defined by relative power, additional transition energy, and total transition time for each entry was agreed for the BS power consumption model. The values of relative power P and total transition time T, for two categories for each power state for reference configuration set 1 were also agreed as WA. The remaining issues are the details on how to calculate the additional transition energy.
	Proposal 2.1.3-1:
The additional transition energy  represents the energy that BS enters from non-sleep mode to a sleep mode  and BS leaves the same sleep mode to non-sleep mode. For evaluation purpose, it is calculated as
·  
where
·  is the difference of the relative power between sleep mode  and micro sleep
·  is the corresponding total transition time of sleep mode , which is a two-way time, assuming no inter-sleep state transition.


As for the value of additional transition energy, it is necessary to align on the understanding of how to calculate additional transition energy in principle. During the post email discussion after RAN1#110 meeting [4], there was a majority of support for the formula given by  to calculate the additional transition energy. Based on this formula with the agreed values of relative power P and the total transition time T for the reference configuration set 1 in the agreement, the additional transition energy for deep sleep and light sleep for the category 1 and 2 can be calculated as in the table below. Even though there is no need to agree on the formula itself, the values in the table should be used as additional transition energy Ei for the reference configuration set 1.
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088



Proposal #1: The values in the table below should be used as additional transition energy Ei for the reference configuration set 1.
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088



2.2 Scaling
There was also an extensive discussion about the scaling for the BS power consumption for active DL in discussions after RAN1#110. There is general support for defining the BS power consumption of the active DL as the sum of two parts: a static part of the power that is not scaled based on reference configurations and a dynamic part of the power that is scaled based on reference configurations. The remaining issues about scaling for the BS power consumption can be categorized into three areas: the scaling method of frequency/power/antenna domain, the time domain scaling method, and the multi-carrier (for CA) scaling method.
For the scaling method of frequency/power/antenna domain based on a formula, the following two alternatives were proposed for FR1 TDD in [4]: 
	Alt-1
At least for FR1 TDD, 
· the BS power consumption for active DL is provided by
·  
· : a static part of which the power is not scaled based on reference configurations. 
· : a dynamic part of the power that is scaled based on reference configurations based on , where
·  is the PA efficiency 
· The  and  should be reported along with , which may not be perfectly the candidate values in the current list
· FFS whether/how to use a non-linear function to represent .
· , , is 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.
Alt-2
· The BS power consumption for active DL is provided by



·  and  are relative power values of micro sleep and active DL transmission, respectively
·  is the resource usage ratio in frequency domain
·  is ratio of simulated DL power level per TxRU between the DL transmission and reference configuration
·  is percentage of active TxRUs with respect to the reference configuration
·  is the ratio between a reference PA efficiency and actual PA efficiency depending on the actual transmit power and actual frequency domain usage.
· Companies report how to model .
· Note: modelling  as a single value for all different power and frequency resource allocation values is not realistic.


For Alt-1, the dynamic part of BS power consumption is jointly scaled by the frequency and power domains since the power consumption is closely related to the resource usage in the frequency domain and the power domain (e.g., PSD). However, it may not be easy to determine the exact values of  and  along with . 
On the other hand, the formula for Alt-2 scales the dynamic part power per domain (antenna domain scaling factor , frequency domain scaling factor , power domain scaling factor , and PA efficiency scaling factor ). According to this formula, the BS power consumption for active DL can be calculated through the linear scaling factor for each domain while considering the effect of PA efficiency according to the actual transmission power and the actual frequency domain usage. 

Proposal #2: Support the following formula to provide the BS power consumption for active DL by 


·  and  are relative power values of micro sleep and active DL transmission, respectively
·  is the resource usage ratio in frequency domain
·  is ratio of simulated DL power level per TxRU between the DL transmission and reference configuration
·  is percentage of active TxRUs with respect to the reference configuration
·  is the ratio between a reference PA efficiency and actual PA efficiency depending on the actual transmit power and actual frequency domain usage.

For the time domain scaling, the power consumption can be calculated according to the number of active symbols within a slot and the symbol without active DL can be treated as micro sleep. Therefore, the formula for the time domain scaling can be α*P4+(1-α)*P3, wherein P4 is the power for active DL, P3 is the power of micro-sleep, α is the ratio of active DL symbols within a slot. Regarding the frequency domain (for CA), the BS power consumption can be calculated as the sum of the power consumption of each cell for the inter-band CA but the simple summation may not be applicable for the intra-band CA. Therefore, a proper scaling factor for the frequency domain can be considered such as the fraction of the active transmission of a single cell. 

Proposal #3: For the time domain scaling, the formula α*P4+(1-α)*P3 can be used, wherein P4 is the power for active DL, P3 is the power of micro-sleep, α is the ratio of active DL symbols within a slot.
Proposal #4: For the frequency domain scaling, the power consumption can be calculated as the sum of the power consumption of each cell for inter-band CA while a proper scaling factor for dynamic power can be considered for the intra-band CA.

2.3 KPI
In RAN#95-e meeting, the LS on energy efficiency (EE) was sent from SA to RAN [5]. It requested the recipients including RAN to consider EE as a guiding principle when developing new solutions and evolving the 3GPP systems specification. With this regard, EE should be also included as one of KPIs in evaluation methodology for NES.

Proposal #5: Energy efficiency should be included as one of KPIs in evaluation methodology for network energy savings.

The definition of EE from TR 38.913 Clause 7.19 [6] is as follows:

· where  refers to the weights of every deployment scenario where the network energy efficiency is evaluated and,
· 
· where V1= Refers to the traffic per second served by a base station (in bits/s),
·  = Refers to the power consumed by a base station to serve V1 (in Watt = Joule/s), and
·  = Refers to the weight for each traffic load level.
According to the above equation captured from TR 38.913 [6], the absolute power value is required to calculate EE. However, according to the objective in [1] or the UE power saving model in [3], the relative power can be used to define gNB power consumption model. Therefore, the definition of EE may need to be modified so that it can also be calculated based on a relative power value. A simple solution could be to replace the absolute power in EE formula with the relative power (i.e., new EE = ratio of throughput to reference power consumed by gNB). Given the relationship between absolute power and relative power, the original EE value calculated by the absolute power can be derived from the new EE value calculated by the relative power. Therefore, the EE value calculated by relative power can also be considered as a valuable KPI for evaluation methodology. 

Proposal #6: New energy efficiency is defined as the ratio of throughput to reference power consumed by gNB, and the new energy efficiency is considered as one of KPIs for study on network energy savings.

In addition, we need to consider the trade-off relationship between the performance gain of gNB and the performance loss of UE. To be specific, gNB’s performance gain and UE’s performance loss compared to the reference scenario (i.e. scenario without NES techniques) can be reported at the same time. Moreover, a lower bound for UE’s performance loss can be defined to guarantee that UE’s performance cannot be degraded under the lower bound.

Proposal #7: Considering the trade-off between the performance gain of gNB and the performance loss of UE, both of gNB’s performance gain and UE’s performance loss compared to the reference scenario (i.e. scenarios without network energy saving techniques) can be reported.

3. Conclusions
In this contribution, the definition of gNB power consumption model and KPI to study on network energy saving for NR was discussed, and the followings are proposed.
Proposal #1: The values in the table below should be used as additional transition energy Ei for the reference configuration set 1.
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088


Proposal #2: Support the following formula to provide the BS power consumption for active DL by 


·  and  are relative power values of micro sleep and active DL transmission, respectively
·  is the resource usage ratio in frequency domain
·  is ratio of simulated DL power level per TxRU between the DL transmission and reference configuration
·  is percentage of active TxRUs with respect to the reference configuration
·  is the ratio between a reference PA efficiency and actual PA efficiency depending on the actual transmit power and actual frequency domain usage.
Proposal #3: For the time domain scaling, the formula α*P4+(1-α)*P3 can be used, wherein P4 is the power for active DL, P3 is the power of micro-sleep, α is the ratio of active DL symbols within a slot.
[bookmark: _GoBack]Proposal #4: For the frequency domain scaling, the power consumption can be calculated as the sum of the power consumption of each cell for inter-band CA while a proper scaling factor for dynamic power can be considered for the intra-band CA.
Proposal #5: Energy efficiency should be included as one of KPIs in evaluation methodology for network energy savings.
Proposal #6: New energy efficiency is defined as the ratio of throughput to reference power consumed by gNB, and the new energy efficiency is considered as one of KPIs for study on network energy savings.
Proposal #7: Considering the trade-off between the performance gain of gNB and the performance loss of UE, both of gNB’s performance gain and UE’s performance loss compared to the reference scenario (i.e. scenarios without network energy saving techniques) can be reported.

4. References
[1] RP-213554, “Study on network energy savings for NR”, RAN#94-e, Huawei.
[2] RAN1#110 Chairman’s note.
[3] 3GPP TR 38.840 V16.0.0 (2019-06), Study on User Equipment (UE) power saving in NR, Release 16
[4] R1-2208312, “FL summary for Post-110-R18- NW_ES2”, RAN1#110, Huawei.
[5] RP-220025, “LS on Energy Efficiency as guiding principle for new solutions,” RAN#95-e, TSG SA.
[6] 3GPP TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies”.
image1.png




