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Introduction
[bookmark: _Hlk525462591]Based on the email and online GTW discussions in RAN1#110 meeting, the following agreements and working assumptions were made:
	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 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 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 modelled 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 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: During the transition time period, relative power of sleep mode  is assumed to be consumed. Additional transition energy and total transition time also include energy and time for both ramping down and ramping.

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: For evaluation purpose, 
· 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
· 15 < 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:
· 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 evaluation purpose, network energy saving gain is computed based on the energy consumptions for a technique and the baseline over the same duration.

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
[image: ]
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.



And in our companion contribution, we discuss the agenda item on network energy saving techniques in [10]. 
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Energy consumption model for BS
Remaining issues for power consumption model
The BS energy consumption model was agreed in the RAN1#110 meeting, where the agreed BS power consumption model could be seen as a simplified model of real BS power consumption and used as a tool for performance evaluation of proposed NW ES techniques. The values per reference configuration set are still under discussion with multiple values for relative power, transition time and energy provided by companies that were grouped into two categories. 
To our view, adopting two categories in the evaluation of the study may raise issues in future discussions, where it can be problematic in generating meaningful conclusions on the proposed NW ES techniques. For instance, it is obvious that the faster transition times of Category 1 is more favourable for applying the time domain adaptation schemes, as compared to Category 2. When comparing different proposed techniques, the energy saving gain for a given proposed technique evaluated by using Category 1 can be shown with much better results than other proposed techniques valuated by using Category 2. And for evaluating and comparing of the same proposed techniques, the energy saving gain by using Category 1 and Category 2 may result in conflicted outcome. i.e. there is the energy saving gain with the evaluation of one category but not the other.
In the discussions of RAN1#110 meeting, even though we contributed to the Category 2, practically to avoid conflicts in the performance comparison and conclusions, we would prefer to have common category and values used by all companies for the evaluation of proposed NW ES techniques. In the meanwhile, from practical point of view, we would like to better understand the HW feasibility for supporting the Category 1 and Category 2. Such that the hardware for supporting of the Category 2 can be achieved with the state-of-art components, where the hardware for supporting of the Category 1 targets on more advanced components, which is expected to be feasible in coming few years.
[bookmark: OLE_LINK1_Obs]Observation-1: Adopting two categories for the BS power consumption model may raise issues in generating meaningful conclusions on the proposed NW ES techniques for future discussions.
[bookmark: OLE_LINK2_Pro]Proposal-1: Discuss on the practical hardware feasibility for supporting the Category 1 and Category 2 BS power model, and capture the discussion outcome in the TR for future reference.
BS Power consumption values 
[bookmark: _Ref101863629]In the RAN1#110 meeting, the values for the reference configuration Set 1 have been agreed as working assumption. One of the open questions now is about the value of relative power for Set 2 and 3.
Considering the values for Set 2 FR1 (FDD), practically the total number of TRx and transmit power are quite different from the Set 1 FR1 (TDD), meaning that the total number of TRx and transmit power with Set 2 are generally smaller than Set 1. Thus, we expected that, for at least Active DL and Active UL state with Set 2, the value of relative power that is to be agreed (after the value averaging among companies) should be at least smaller than the corresponding value agreed for Set 1.
In Table 1, we provided the values of relative power for each state for reference configuration Set 2 FR1.
[bookmark: _Ref113867490]Table 1: Relative Power for FR1 Set 2 Cat.2
	Power State
	Relative power consumption

	Sleep State
	Deep sleep
	P1=1

	
	Light sleep
	P2=1.7

	
	Micro sleep
	P3=4,2

	Active state
	 Active DL
	P4=12

	
	 Active UL
	P5=4,6



[bookmark: OLE_LINK3_Obs]Observation-2: Due to the smaller number of Tx/Rx and reduced transmit power with reference configuration Set 2 as compared to Set 1, the value of relative power that is to be agreed (after the value averaging among companies) should be at least smaller than the corresponding value agreed for Set 1.
[bookmark: OLE_LINK4_Pro]Proposal-2: RAN1 to agree on the relative power for reference configuration Set 2 FR1 according to the values provided in Table 1. 

Total transition time and additional energy
As agreed in the last RAN1#110 meeting, the total transition time represents the total time required by the BS to enter a sleep state from a non-sleep state and to leave this same sleep state to a non-sleep state. The transition times for the reference configuration Set 1 have been agreed as working assumption, whereas for the reference configuration Set 2 and Set 3, it has been agreed that the value of total transition time is the same as that for Set 1
On the additional transition energy, which represents the additional energy for the BS to enters to a sleep mode i and leaves the same sleep mode to non-sleep mode, the following formula has been proposed, which was adopted similarly to the Rel17 UE power saving study:
                                     (1)
where:
·  is the difference of the relative power between sleep mode  and micro sleep active state.
·  is the corresponding total transition time to sleep mode , accounting for both ramping down and ramping up.
Based on the Equation-1, the total additional energy for BS state transition is provided in Table 2 where the values of transition time for both Set 1 and Set 2 FR1 and values of relative power for Set 1 FR1 are based on the agreed working assumption from last meeting, and the relative power for Set 2 FR1 are based on values provided in Table 1.
[bookmark: _Ref113887753]Table 2: Additional energy for BS state transition.
	Power State
	Additional Energy (relative power*duration in ms)


	
	Set 1 FR1
(as per agreed power consumption values, cat 2)
	Set 2 FR1
(as per proposed power consumption values)

	Sleep State
	Deep sleep
	22500
	96

	
	Light sleep
	1088
	3500

	
	Micro sleep
	0
	0

	Active state
	 Active DL
	NA
	NA

	Active state
	 Active UL
	NA
	NA



[bookmark: OLE_LINK5_Pro]Proposal-3: RAN1 to agree on the additional energy for BS state transition based on Equation-1, and with values provided in Table 2 for Set 1 and Set 2 FR1.
BS power consumption scaling 
[bookmark: _Hlk110951377][bookmark: _Ref91671400]In order to enable the evaluation of adaptation techniques for network energy savings in time-domain, frequency-domain, spatial/antenna-domain, and power-domain, as per objective 3 of the SID RP-213554, the BS power consumption model should further include the power scaling methods for each of these domains, which is to be applied only when the BS is in active state, i.e. Active DL and Active UL.
[bookmark: OLE_LINK6_Obs]Observation-3: Only the power consumption of the BS in active state is scalable, i.e. BS in Active DL and Active UL.
[bookmark: OLE_LINK7_Obs]Observation-4: The power consumption of the BS in active state can be scaled in time-domain, frequency-domain, spatial/antenna-domain, and power-domain.
According to the discussions from last meeting, the total BS power consumption  is the sum of a dynamic power consumption that depends on number of active Tx, denoted by  and the transmit power per Tx, denoted by and a static power consumption  which is not scaled, and whose value depends on the reference configuration. 
                               (2)
[bookmark: OLE_LINK8_Obs]Observation-5: The BS power consumption in Active DL state can be divided into a dynamic part  that depends on the number of active Tx and transmit power, and a static part  that is fixed with respect to the reference configuration. 
[bookmark: OLE_LINK9_Obs]Observation-6: The static BS power consumption  only depends on the reference configuration and it shall not be scaled based on the number of active Tx and the transmit power.
In the RAN1#110 meeting discussion, it was proposed that the value of  is equal to , which is the BS power consumption in micro sleep state. However, to our view, when BS enters the micro sleep, some of the hardware components are still assumed to be active that may have power consumption still proportional to the number of Tx. Thus, the static BS power consumption  shall be defined separately and it should not equal to the power consumption of any sleep state.
[bookmark: OLE_LINK10_Obs]Observation-7: The static BS power consumption  shall be defined separately and it shall not equal to the power consumption of any sleep state.
Active DL power scaling
· Scaling in spatial/antenna-domain and power-domain
Considering of the BS in active DL, it is noticed that the dynamic power consumption of some BS’s components depends on both the number of active Tx and the transmit power (e.g., Power Amplifier). However, the dynamic power consumption of some other components depends only on the number of active Tx. Hence, the BS power consumption in active DL state can be expressed as follows:

Observation-8: The dynamic BS power consumption  can be scaled linearly based on the number of active Tx and/or transmit power.
With respect to the reference configuration, we can derive the total BS power consumption  as follows:


where:
· : the ratio between the active Tx and the maximum Tx defined in the reference configuration, 
· 
· 
·  
· 
· ; assumed to 1 (i.e. Full PRBs usage in the evaluation).
and assuming the following parameters:
· fixed feeder loss=0,8 dB 
· fixed PA efficiency factor =35%
In Table 3, the DL power scaling coefficients are provided for reference configuration Set 1 and Set 2 FR1. We note that these values are obtained by performing linear regression on the relative BS power consumption. It is noted also that if all the scaling ratios were set to 0, , which in our proposal (as per Table 3) is smaller than the micro sleep power value (i.e. 5.5 in Set 1). This is because certain scaling domain (at least Tx antenna scaling) requires a delay to enforce the scaling, see Section 2.2.6. Instead, micro sleep assumes immediate transition to the sleep mode, and therefore it cannot benefit from additional component switch off. 
[bookmark: _Ref113952670]Table 3: DL power scaling coefficients with Set 1 and Set 2 for Cat.2
	Parameters
	Set 1 FR1
	Set 2 FR1

	
	
	

	
	
	

	
	
	



Proposal-4: Agree on the proposed BS power consumption scaling method for Active DL state.
Proposal-5: Consider the power scaling parameter values provided in Table 3 for reference configuration Set 1 and Set 2 for Cat.2.  
Proposal-6: Agree on a fixed PA efficiency factor that is not scaled with the number of active Tx and/or the transmit power, for simplicity.
Active UL power scaling
Considering of the BS in active UL, the same scaling methods derived for Active DL can be applied to the BS in Active UL state, except that the dynamic power consumption of some BS’s components that depends on the transmit power (e.g., Power Amplifier) is omitted. Hence, the following equation is obtained

                   (5)
In Table 4 the UL power scaling coefficients are provided with reference configuration Set 1 and Set 2 FR1. We note that these values are obtained by performing linear regression on the relative BS power consumption with respect to our original model. 
[bookmark: _Ref115255651]Table 4: UL power scaling coefficients with Set 1 and Set 2
	Parameters
	Set 1 FR1
	Set 2 FR1

	
	
	

	
	
	



Proposal-7: Agree on the proposed scaling method of the BS power consumption in Active UL as function of the number of active Tx.
Proposal-8: Discuss the coefficient values provided in Table 4 for reference configuration Set 1 and Set 2.  
Power scaling in time domain
The BS power consumption  can also be scaled linearly in time domain with respect to the slot occupancy in terms of DL and UL symbols. The following scaling method is proposed:
 +
where  and  refer to number of occupied DL and UL symbols, respectively in a single CC. The microsleep state is assumed by default for slots without active DL nor Active UL activity.
Observation-9: The total BS power consumption can be scaled linearly with the slot occupancy in terms of DL and UL symbols.
Proposal-9: Agree on the proposed scaling method in time domain of the total BS power consumption as function of the number of occupied DL and UL symbols in a single CC.
Power scaling in Carrier Aggregation (CA) case
On the scaling of the BS power consumption in CA case, the total BS power consumption can be derived from equation (2) as follows :


where only the  is scaled linearly with the factor  >1. 
When separated RF chains are considered, the value of  represents the number of CCs being aggregated, e.g.,  in case of 2 CCs. However, for shared RF architecture, the value of  is given by the number of CCs multiplied by the percentage of HW components being shared among CCs, e.g.,for the case of 2 CCs. 
Proposal-10: Agree on the power scaling method in CA where the dynamic part of the BS power consumption in Active DL is linearly scaled with a factor  whose value depends on the number of CCs and whether shared/separate chains are being used. 
Power scaling in multi-TRPs case
In our view, different TRPs can have different configurations (e.g. Number of active Tx) and can be in active state and micro-sleep independently depending on their activity. So the dynamic power is computed separately for each TRP, and then added up to the total power as provided in equation (5) in the case of N-TRPs.
(5)
Proposal-11: Agree on the power scaling method for multi-TRPs case, with separate RF chains, where the dynamic power consumption is the sum of the power consumption of each TRP.
Scaling delay for Tx antenna scaling
Practically, when applying a certain network energy saving adaptation using the corresponding power consumption scaling, a delay associated with the activation and deactivation of the relevant radio resources/hardware may be present. 
Especially by considering of the MIMO adaptation techniques proposed in A.I. 9.7.2 by companies, currently for the state-of-art MIMO operation in 5G NR, the adaptation of spatial elements operates at rather large time scale, due to the reason of relatively large spatial elements activation delays in hardware. Now by considering of the “dynamic” way of spatial elements adaptation as proposed, the practical hardware capability needs to be carefully considered and evaluated, such as the time scale allowed for the hardware components to perform such dynamic spatial elements adaptation need to be evaluated together with the proposed techniques, in order to ensure a consistent evaluation. Thus, it is proposed that, the activation and deactivation delays should be defined or provided as part of the evaluation. Moreover, during the time of hardware operation on (de-)activation, the BS behavior should be discussed, such that the BS operation with transmission/reception may be interrupted during this time period, or some BS activities can be maintained. Furthermore, the power consumption model during this time period should also be clarified. In the end, besides (de-)activation delay considerations with spatial/antenna domain, we may further discuss on whether and how to extend this proposal to other (time/frequency/power) scaling domains.
Proposal-12: For the BS in active state, the delay to perform a dynamic Tx antenna elements adaptation/scaling should be defined or provided as part of the evaluation. 
· FFS the energy consumption during such delay.
· FFS whether there is BS TX/RX interruption during such delay. 
· FFS whether a delay to perform adaptation/scaling is applicable to other scaling domains.

Limitations of the BS power model 
It should be appreciated that such BS power model defined for evaluation of the Rel.18 network energy saving techniques of 5G NR has several limitations. This is a simplified model applicable to BSs that are operated in NR-only. It does not apply to BSs operating in multi-RAT, in which the same hardware (e.g., PA) is involved in operations for other RATs/systems in addition to NR. Evidently as the enhancements are targeted for NR operation, such limitation is felt justified.
Proposal-13: Capture in the TR that the BS power model is a simplified model of the real BS power consumption applicable to single-RAT NR BSs only.  
Evaluation Methodology
Key Performance Indicators (KPIs)
If the evaluation of the techniques is based on comparing a set of the aforementioned agreed KPIs, independently, (say X % network energy saving gain, Y % UPT gain, and Z % latency gain), it would be challenging to derive any conclusion. On the contrary, to derive objective conclusions from the evaluation, we would benefit from adopting multi-dimensional EE KPIs that jointly consider the energy consumption of the network and the user/system performance.
Observation-10:   It is difficult to compare different EE schemes with independent KPIs, e.g. NW energy saving gain vs. UPT/data rate gain vs. latency gain. We would benefit from using multi-dimensional EE KPI(s) that jointly consider the energy consumption of the network and system/UE performance for an objective comparison of different schemes.
According to the SID, we should reuse any existing KPI, which is suitable for the 3GPP evaluations. The existing energy efficiency (EE) KPIs already defined in different specifications of 3GPP and ETSI (which are summarized for reference in Table 8 in Appendix A) allow for a joint consideration of the energy consumption of the network and performance . 
Observation-11: As captured in Table 8 (Appendix A), multiple existing metrics define multi-dimensional EE KPIs that jointly consider the energy consumption of the network and system/UE performance.
Taking the existing joint EE KPIs as basis, we provide in Table 5 the multi-dimensional EE KPIs that we propose to use for the RAN1 evaluations. Each of these KPIs can be derived for a single cell, a single BS, or for a network area, as needed. We note that in accordance with the proposed BS power consumption (see Section 2.1), the network power consumption is expressed as a relative power consumption to the most power-efficient sleep state and is unitless.
Proposal-14:  Consider the additional evaluation EE KPI(s) proposed in Table 5 (in addition to the already agreed KPIs). 
[bookmark: _Ref101961353]Table 5: Proposed evaluation KPIs
	Metric ​
	Metric formula​
	Unit
	Description​

	UPT-aware EE 
	
	[Mbps]
	The ratio of the UPT (defined as packet size divided by the total time spent to deliver the packet) to the network power consumption. Cell edge (5-ile) UPT and average UPT to be considered.

	Cell throughput-aware EE 
	
	[Mbps]
	The ratio of the average cell throughput to the network power consumption. ​ 

	Cell-edge UE throughput-aware EE 
	
	[Mbps]
	The ratio of the cell-edge UE (instantaneous) throughput to the network power consumption.
Note: This metric corresponds to the coverage aware EE KPI defined by ETSI.

	Data Volume-aware EE 
	
	[Mbit] 
	The ratio of the data volume carried during an observation time to the average network power consumption during the observation time.


Note 1: Network can be defined as a single cell, a set of cells, a single BS, or a set of BSs in a network area, as needed.
Note 2: The absolute values for each KPI individually (NW power consumption, UPT, etc.) should be provided as part of the evaluation. 
Note 3: The relative gain of each KPI for a scheme vs. the baseline should be provided as part of the evaluation (network power saving gain, UPT gain, UPT-aware EE gain, etc.).
In addition to the multi-dimensional EE KPI(s), we need to define also minimum QoS targets (e.g., UPT) that should be met while improving one or more multi-dimensional EE KPIs. This would allow to make a “constrained” analysis and identify the most energy efficient schemes that are able to deliver the promised targets. Multiple values of the same QoS target (e.g., multiple UPT targets) shall be defined to assess the impact in network power savings when ensuring more or less relaxed QoS targets.  
Proposal-15: Define minimum QoS targets per deployment scenario for the defined KPI (i.e. UPT) that should be fulfilled while minimizing network energy consumption. Multiple values of the same QoS target shall be defined.  
System-level simulation assumptions
[bookmark: _Hlk100656771]The system-level simulation parameters are presented in Table 11 of Appendix B for the urban macro scenario which is being prioritized.
Proposal-16: Agree on the system-level simulation parameters and assumptions that shall be used to evaluate the energy efficiency of the urban macro scenario prioritized for FR1. FFS if RAN1 decides to evaluate the other scenarios.
Evaluation results
We provide in the following preliminary results of some ES techniques. In this contribution, we focus on time domain adaptation schemes applied at the BS in single carrier and dual-carrier operation (with an anchor CC and ES-CC).
We note that the results are generated with respect to the latest working assumptions on the BS power model (using category 2 values), the reference configuration Set 1 FR1 and the FTP model 3 traffic type. All sleep modes are enabled when evaluating ES techniques and compared with the baseline where only micro sleep is enabled by default in empty symbols (No Tx and Rx).
UEs are assumed to be initially in RRC Idle state to capture the impact of ES techniques on UPT . When moved to RRC Connected state, they apply DRx with parameters provided in Table 10. For CP and UP procedures, we assumed the assumptions in [10] [11], respectively. 
The main parameters are provided in Table 11 of Appendix B. Results are generated in terms of ES gain vs. baseline [%] and the User Perceived Throughput (UPT) [Mbps].Single carrier operation
We provide in Table 6 a summary of the ES techniques evaluated in single CC operation with respect to the baseline.
[bookmark: _Ref115271503]Table 6: NW ES schemes in single CC operation
	Scenario
	Definition

	Baseline
	SSB/SIB1 and RO with 20 ms periodicity

	Time domain adaptation techniques
	a. Relaxed periodicity for SIB1/SSB/RO
Different loads are considered.

	
	b. Reduced number of SSBs per SS Block and per slot
Empty/Idle cell is considered



a. Relaxed periodicity for both SIB1/SSB/RO
In Figure 1, we evaluate the performance of the BS when we enlarge the periodicity of SIB1/SSB TX and RO monitoring which requires the BS to be in Active state. We observe an increasing ES gain with respect to the baseline at the expense of a decreasing UPT. With 0% load, the ES achieves 84% gain which is explained by longer sleeping periodicity and hence opportunity for the BS to enter light sleep. For loaded scenarios, the ES gains are lower as compared to the unloaded scenario due to the DL data activity but still significant (62% at 1280 ms periodicity of SSB/SIB1/RO). The UPT decrease can be explained by longer latency due to initial access delay and RRC connection setup required before data reception.

[image: ][image: ]
[bookmark: _Ref115429789]Figure 1: ES gain and impact on UPT from relaxing SSB/SIB/RO periodicity

b. Reduced number of SSBs per SS Blocks and per slot
We evaluate different SSB configuration in unloaded scenario and for different SSB/SIB/RO periodicity. We recall that the baseline is configured with 20ms periodicity for SSB/SIB/RO, 8 SSBs per SS Block and 2 SSB per slot. We observe in Figure 2 that reducing the number of SSB enables to achieve higher gains of almost 60% with only 1 SSB per SS Block and 42% with the 4 SSB per SS Block and 2 SSBs per slot. The ES gain graphs become flat at higher periodicity of SSBs due to fewer SSB transmission occasions. 

[image: ]
[bookmark: _Ref115429844]Figure 2: ES gain from reducing the number of SSBs

Multi-carrier operation
We provide in Table 7 a summary of the ES techniques performed at the ES CC as compared to the baseline.
[bookmark: _Ref115271576]Table 7: NW ES schemes in dual-CC operation
	Scenario
	Definition

	Baseline (as per release 15/16)
	Anchor CC/ ES CC: SSB/SIB1 and RO with 20 ms periodicity


	Time domain adaptation techniques
	a. SSB-less (as per release 17)
Anchor CC: SSB/SIB1 and RO with 20 ms periodicity
ES CC: SIB1 and RO with 20 ms periodicity, assuming 15% load

	
	b. SIB1-less
Anchor CC: SSB/SIB1 and RO with 20 ms periodicity +SIB1-relative to ES CC
ES CC: SSB and RO with 20 ms periodicity, assuming 15% load

	
	c. SSB&SIB1-less at the ES CC
Anchor CC: SSB/SIB1 and RO with 20 ms periodicity +SIB1-relative to ES CC
ES CC: RO with 20 ms periodicity, assuming different load levels.



a. SSB-less operation in the ES CC (as per release 17)
We evaluate in Figure 3 the SSB-less operation with different periodicity of SIB1 and RO. The ES gain is increasing with reduced occasions of SIB1 transmission and RO monitoring. After 320 ms, the ES gain is saturated and achieves a maximum value of ~45% due the DL data activity with the considered load of 15% at the ES CC. We note that for the SSB-less scheme, we don’t expect any impact at the anchor CC. For the UPT, the decrease is justified by longer delay to acquire SIB1 and to perform RRC procedures before DL data transmission.  

[image: ][image: ]
[bookmark: _Ref115432472]Figure 3: ES gain and impact on UPT from SSB-less operation in ES CC
b. SIB1-less operation in the ES CC
For the SIB1-less operation at the ES CC, we assume the anchor CC provides additional SIB1 will the same periodicity as the anchor CC SIB1. Figure 4 shows the ES gain at both ES CC and the anchor CC. A significant gain is observed at the ES CC (loaded at 15%) at the expense of an increase in the energy consumption at the anchor CC (shows a negative ES gain as respect to the baseline). This is explained by additional time resources allocated by the anchor CC for an additional SIB1 transmissions and hence additional time spent in Active DL state instead of entering micro sleep state. For the UPT, we see a decrease proportional to the delay for SSB acquisition and RO opportunity.
[image: ][image: ]
[bookmark: _Ref115433097]Figure 4: ES gain and impact on UPT from SIB1-less operation in ES CC

a. SSB&SIB1-less operation in the ES CC
We assume in the following an SSB&SIB1 less operation at the ES CC. We evaluate in Figure 5 the ES gain and UPT at different load levels at the ES CC with an RO periodicity of i) 20 ms and ii) 160 ms. 
In all cases, the SSB1&SSB-less operation provides the higher ES gain as compared to SSB-less and SIB1-less due to reduced time in Active DL for SSB/SIB transmission. This is significantly seen at 0% load, where the achieved ES gain is 81% with RO=20ms. When introducing traffic in the ES CC, the ES gain decreases but remains significant achieving 38% in SSB&SIB1 operation. 
When reducing the RO monitoring occasions, we observe an increase in ES gains, justified by more time spent in micro sleep instead of Active UL. 
For the impact on UPT, we observe the same performance for the three schemes at a fixed RO periodicity. The UE will experience the same delay for SSB/SIB1 acquisition, but it would be towards the anchor cell. With increased RO periodicity, the UPT is decreased due to longer delay for the RRC Idle UE to complete the RA procedure. 
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i) RO periodicity=20 ms
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ii) RO periodicity=160 ms
[bookmark: _Ref115433874]Figure 5: ES gain and impact on UPT from SSB&SIB1-less operation in ES CC

Conclusions
In this contribution, we discussed the aspects on the BS energy consumption, the evaluation methodology and ES results, and we have the following observations and proposals:
Observation-1: Adopting two categories for the BS power consumption model may raise issues in generating meaningful conclusions on the proposed NW ES techniques for future discussions.
Proposal-1: Discuss on the practical hardware feasibility for supporting the Category 1 and Category 2, and capture the discussion outcome in the TR for future reference.
Observation-2: Due to the smaller number of Tx/Rx and reduced transmit power with reference configuration Set 2 as compared to Set 1, the value of relative power that is to be agreed (after the value averaging among companies) should be at least smaller than the corresponding value agreed for Set 1.
Proposal-2: RAN1 to agree on the relative power for reference configuration Set 2 FR1 according to the values provided in Table 1. 
Proposal-3: RAN1 to agree on the additional energy for BS state transition based on Equation-1, and with values provided in Table 2 for Set 1 and Set 2 FR1.
Observation-3: Only the power consumption of the BS in active state is scalable, i.e. BS in Active DL and Active UL.
Observation-4: The power consumption of the BS in active state can be scaled in time-domain, frequency-domain, spatial/antenna-domain, and power-domain.
Observation-5: The BS power consumption in Active DL state can be divided into a dynamic part  that depends on the number of active Tx and transmit power, and a static part  that is fixed with respect to the reference configuration. 
Observation-6: The static BS power consumption  only depends on the reference configuration and it shall not be scaled based on the number of active Tx and the transmit power.
Observation-7: The static BS power consumption  shall be defined separately and it shall not equal to the power consumption of any sleep state.
Observation-8: The dynamic BS power consumption  can be scaled linearly based on the number of active Tx and/or transmit power.
Proposal-4: Agree on the proposed BS power consumption scaling method for Active DL state.
Proposal-5: Discuss the coefficient values provided in Table 3 for reference configuration Set 1 and Set 2.  
Proposal-6: Agree on a fixed PA efficiency factor that is not scaled with the number of active Tx and/or the transmit power, for simplicity.
Proposal-7: Agree on the proposed scaling method of the BS power consumption in Active UL as function of the number of active Tx.
Proposal-8: Discuss the coefficient values provided in Table 4 for reference configuration Set 1 and Set 2.  
Observation-9: The total BS power consumption can be scaled linearly with the slot occupancy in terms of DL and UL symbols.
Proposal-9: Agree on the proposed scaling method in time domain of the total BS power consumption as function of the number of occupied DL and UL symbols in a single CC.
Proposal-10: Agree on the power scaling method in CA where the dynamic part of the BS power consumption in Active DL is linearly scaled with a factor  whose value depends on the number of CCs and whether shared/separate chains are being used. 
Proposal-11: Agree on the power scaling method for multi-TRPs case, with separate RF chains, where the dynamic power consumption is the sum of the power consumption of each TRP.
Proposal-12: For the BS in active state, the delay to perform such dynamic spatial elements adaptation should be defined or provided as part of the evaluation. 
· FFS on the BS behavior during the hardware operation on (de-)activation, i.e. on what BS operations are maintained or interrupted, and what power consumption model should be considered. 
· FFS to extend this proposal to other scaling domains.
Proposal-13: Capture in the TR that the BS power model is a simplified model of the real BS power consumption applicable to single-RAT NR BSs only.  
Observation-10:   It is difficult to compare different EE schemes with independent KPIs, e.g. NW energy saving gain vs. UPT/data rate gain vs. latency gain. We would benefit from using multi-dimensional EE KPI(s) that jointly consider the energy consumption of the network and system/UE performance for an objective comparison of different schemes.
Observation-11: As captured in Table 8 (Appendix A), multiple existing metrics define multi-dimensional EE KPIs that jointly consider the energy consumption of the network and system/UE performance.
Proposal-14:  Consider the additional evaluation EE KPI(s) proposed in Table 5 (in addition to the already agreed KPIs). 
Proposal-15: Define minimum QoS targets per deployment scenario for the defined KPI (i.e. UPT) that should be fulfilled while minimizing network energy consumption. Multiple values of the same QoS target shall be defined.  
Proposal-16: Agree on the system-level simulation parameters and assumptions that shall be used to evaluate the energy efficiency of the urban macro scenario prioritized for FR1. FFS if RAN1 decides to evaluate the other scenarios.
References
[1] [bookmark: _Ref92458346]3GPP TR 38.840 V16.0.0 (2019-06), Study on User Equipment (UE) power saving in NR, Release 16
[2] ETSI ES 203 228: "Environmental Engineering (EE); Assessment of mobile network energy efficiency"
[3] 3GPP TSG RAN, “TR 38.913, Study on Scenarios and Requirements for Next Generation Access Technologies,” V16.0.0, Jul. 2020. 
[4] 3GPP TSG SA, “TS 28.554, Management and orchestration; 5G end to end Key Performance Indicators (KPI),” V17.3.0, June 2021.
[5] 3GPP TSG SA, “TR 21.866, Study on Energy Efficiency Aspects of 3GPP Standards (Release 15)”, V15.0.0 (2017-06)
[6] 3GPP TR 38.913, Study on Scenarios and Requirements for Next Generation Access Technologies (Release 17)

[7] 3GPP TR 38.802, Study on New Radio Access Technology Physical Layer Aspects (Release 14)
[8] RP-180524, “Summary of calibration results for IMT-2020 self evaluation, March 2018 
[9] TR 38.901, Study on channel model for frequencies from 0.5 to 100 GHz (Release 17)
[10] TR 37.910 V16.1.0, Study on self evaluation towards IMT-2020 submission (Release 17)
[11] Nokia, IMT-2020 self-evaluation: UP latency analysis for FDD and dynamic TDD with UE processing capability 1 (eMBB), R1-1808448, August 2018.
[12] [bookmark: _Ref115425261]R1-2208519, “Network Energy Saving Techniques”, Nokia, Nokia Shanghai Bell, RAN1#110bis-e, Oct 10th-19th, 2022.

Appendix A – Energy efficiency KPIs 
[bookmark: _Ref100655651][bookmark: _Ref102118966]
Table 8: Existing energy efficiency KPIs 
	Standard​
	Metric ​
	Metric formula​
	Unit
	Description​
	Comments

	ETSI ES 203 228 ​
(3GPP TS 28.310)​
	Data aware  Energy Efficiency
	​
	[bit/J]
	The ratio between Data Volume, DV (UL & DL PDCP) and the energy consumption (EC) during the same time frame ​
	This metric shall be used to characterize the EE in high load scenarios

	3GPP​
TR 38.913​; 3GPP TR 21.886
	Global Data Energy Efficiency ​
​
	​​ 

	[bit/J]
	The ratio between DV and EC in a deployment scenario m  at traffic level l during the same time frame, weighted by the coefficients b and a 
	This metric jointly considers different deployment scenarios and traffic loads.

	ETSI ES 203 228 ​
Rec. ITU-T L.1331​
	Coverage aware Energy Efficiency
	​
	[m²/J]
	The ratio between the coverage area of the mobile network and the energy consumption when assessed during one year​
	This metric shall be used to characterise the EE in scenarios where coverage is the main objective, e.g. in rural areas

	3GPP TR 21.886
	Global coverage Energy Efficiency
	

	[m²/J]
	The ratio between the coverage area and EC in a deployment scenario i weighted by the size of coverage per the deployment scenario, and the relevance of the deployment scenario to the total power consumption of a network. ​
	This metric shall be useful to characterise the EE of a network with various deployment scenarios (size and relevance).

	ETSI EE​
ES 203 228 ​
	Latency aware Energy Efficiency ​
	​
	[ s-1/J]
	The inverse ratio of the end-to-end User Plane latency and the energy consumed by the MN​
	This metric shall be used to characterize the EE in the context of URLLC-type of traffic where latency is the main system performance KPI

	3GPP SA5​
TS 28.554​
	Data and latency aware EE​
	​​
​
	[bit/s/J]

	​The ratio between Data Volume to the energy consumed by the MN multiplied by the inverse of the E2E latency.  ​ 
	This metric is used to characterize the scenarios where latency and throughput are both important KPIs.

	ETSI​
(DTR/EE-EEPS51)​
	User experience aware EE

	​
	[bit/J]
	Under development​
(Ongoing TR)
	




Appendix B – System-level simulation assumptions
[bookmark: _Ref100656502]Table 9: System-level simulation parameters and assumptions
	Parameters
	Set 1 FR1 
	Set 2 FR1 
	Set 3 FR2 

	General parameters

	BS type
	Macro [8]
	Macro
	Micro [9]

	Network layout and inter-site distance [6]
	21 cells Wraparound (ISD=500)
	21 cells Wraparound (ISD=500)
	21 cells Wraparound (ISD=FFS)

	Channel model
	Uma
	Uma
	UMi

	Link direction
	Downlink
	Downlink
	Downlink

	Frequency range
	4GHz 
	2100 MHz
	30GHz 

	Duplex 
	TDD
	FDD
	TDD

	Frame structure
	DDDSU (S: 10D:2G:2U) 
	
	DDDSU (S: 10D:2G:2U) 

	Subcarrier spacing
	30 kHz
	15 kHz
	120 kHz

	Simulation bandwidth
	100 MHz
	20 MHz
(Equal split of 10 MHz for UL and DL)
	100 MHz

	Number of carriers
	1 CC
	1 CC
	1 CC

	Slot size
	14 OFDM symbols
	14 OFDM symbols
	14 OFDM symbols

	BS parameters

	BS antenna configuration [7]
	64 Tx
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 4, 8), 
(dH, dV) = (0.5λ, 0.8λ)
	32 Tx
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 2, 8), 
(dH, dV)=(0.5, 0.8)λ 
	2Tx
(M, N, P, Mg, Ng; Mp, Np) = FFS

	Total Tx power 
	55dBm 
	49 dBm
	33 dBm, EIRP limited to 63 dBm

	BS height [7]
	25m
	25m
	10m

	BS noise figure
	FR1: 5 dB
	FR1: 5 dB
	FR2: 7 dB

	BS antenna element gain
	8 dBi
	8 dBi
	8 dBi

	UE parameters

	UE antenna configuration
	2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), 
(dH, dV) = (0.5λ, N/Aλ)
	2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), 
(dH, dV) = (0.5λ, N/Aλ)
	2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), 
(dH, dV) = (0.5λ, N/Aλ)

	UE max transmit power [7]
	23 dBm 
	23 dBm 
	23 dBm 

	UE BWP
	100 Mhz
	10 Mhz
	100 Mhz

	UE height
	1.5m
	1.5m
	1.5m

	UE noise figure
	FR1: 9 dB
	FR1: 9 dB
	FR2: 10 dB 

	UE antenna element gain
	0 dBi
	0 dBi
	5 dBi

	UE receiver
	MMSE-IRC
	MMSE-IRC
	MMSE-IRC

	UE deployment
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h

	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h

	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h

	Traffic model and C-DRx configuration
	FTP traffic (as per Table 7)
	FTP traffic (as per Table 7)
	FTP traffic (as per Table 7)

	UE density/NW Load
	Follow previous RAN1 agreements
	Follow previous RAN1 agreements
	Follow previous RAN1 agreements

	Transmission parameters

	Maximum supported Modulation and coding scheme
	Up to 256QAM 
	Up to 256QAM
	Up to 256QAM

	Guard band ratio on simulation bandwidth
	TDD: 2.08% (272 RB for 30kHz SCS and  100 MHz bandwidth)

	FDD: 6.4% (104RB for 15kHz SCS and 20 MHz BW)
	FFS

	Channel estimation
	Ideal
	Ideal
	Ideal

	HARQ scheme
	Ideal
	Ideal
	Ideal

	Max HARQ retransmission
	3
	3
	3

	Target BLER
	20% of first transmission
	20% of first transmission
	20% of first transmission

	Power control parameters
	Open loop, Alpha=1, P0=-106 dBm
	Open loop, Alpha=1, P0=-106 dBm
	Open loop, Alpha=1, P0=-106 dBm

	Scheduling algorithm
	PF
	PF
	PF

	Cell selection algorithm
	RSRP Slow Fading 
	RSRP Slow Fading 
	RSRP Slow Fading 

	CSI acquisition
	Periodic, CQI on 2 ms period
	Periodic, CQI on 2 ms period
	Periodic, CQI on 2 ms period

	Common Reference Signal (RS) configuration

	SSB periodicity
	20 ms
	
	

	SS blocks per SSB burst
	8 for 3 GHz < FR1 <= 6 GHz
	8 for 3 GHz < FR1 < =6 GHz
	64 for FR2

	SSB time resource
	2 SSBs per slot
4 symbols for each SSB
	
	

	SSB frequency resource
	20 RBs
	
	

	Number of SIB1
	1 SIB1 per SSB
	
	

	SIB1 transmission repetition periodicity
	20 ms
	
	

	SIB1 time resource
	1 slot
	
	

	SIB1 frequency resource
	24 RBs
	
	

	Random access occasions (RO)

	RO periodicity
	20 ms
	
	

	RO time resource
	2 slots
	
	




[bookmark: _Ref92103811][bookmark: _Hlk100045074]Table 10: Traffic models
	Traffic type
	FTP traffic

	Model
	FTP model 3

	Packet size
	0.5 Mbytes

	Mean inter-arrival time
	200 ms

	C-DRX configuration
	Period = 160 ms
Inactivity timer = 100 ms
-FR1 On duration: 8 ms
-FR2 On duration: 4 ms
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Traffic type FTP M VolP
Model FTP model 3 FTP model 3 As defined in R1-070674.
Packet size 0.5 Mbytes 0.1 Mbytes Assume max two packets bundled.
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 FR1:8ms FR1:10ms FR1:4ms
FR2:4ms FR2:5ms FR2:2ms
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