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1. Introduction
A new study item on network energy savings was approved in [1], with the following objectives:
	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.


In this contribution, we will discuss the remaining issues of power consumption model for BS.

2. Relative power, transition time and transition energy
In RAN1#110 meeting [2], it has been agreed that the power consumption model for BS includes deep sleep, light sleep, micro sleep, active DL and active UL power states, while the value for relative power, additional transition time and transition energy is left for further discussion.
	Agreement@RAN1#110
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@RAN1#110
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
	Cat 1: 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@RAN1#110: 
· 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.

Agreement@RAN1#110: 
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 up.


Firstly, the working assumption of relative power and total transition time for reference configuration set 1 can be confirmed. Secondly, for set 2 and set 3, although the absolute power maybe not same as that for set 1, the relative power can be same as that for set 1.
In RAN1#110 meeting, it has been discussed that the additional transition energy can be 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.
Based on the above formula, the following value is assumed as the additional transition energy for set 1. If transition time and transition energy is same as that for set 1, the additional transition energy will be same.
	Power state
	Additional transition energy

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088


Proposal 1: Confirm the working assumption of relative power and total transition time for reference configuration set 1.
Proposal 2: The relative power for set 2 and set 3 is the same as that for set 1.
Proposal 3: The additional transition energy for set 1, 2 and 3 is
	Power state
	Additional transition energy

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088



3. Energy consumption scaling for adaptation
In RAN1#110 meeting, the scaling based on a single formula has been discussed during post email discussion.
	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. Value is to be determined based on
· Category 1: 
· [55, Huawei]
· [140, CATT]
· Category 2: 
· [5.5, Huawei]
· [1.79, Nokia]
· [16, CATT]
· : a dynamic part of the power that is scaled based on reference configurations based on , where
·  is 
· Category 1: 
· [0, Samsung]
· [57, Huawei]
· [110, Intel] 
· Category 2: 
· [0, Samsung]
· [7.3, Huawei]
· [1.62, Nokia]
· [12, CATT] 
·  is 
· Category 1: 
· [225, Samsung]
· [84, Huawei]
· [115, Intel]
· [30, CATT] 
· Category 2: 
· [26.5, Samsung]
· [9.6, Huawei]
· [10.6, Nokia]
· [4, CATT] 
·  is the PA efficiency 
· For initial evaluations, 
· [0.34, Samsung, Nokia, CATT]
· [0.5, Huawei]
· [1, Intel, CATT]
· 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.
· For information:In frequency domain, the PSD per TxRU is assumed as the average DL power in watts per Hz for a given total DL power and the DL TXRUs provided in the reference configuration. For example, the set 1 has total DL power of 55dBm = 316W for 100 MHz and 64 TXRUs, and PSD per TxRU can be determined by -23dBm = 5 µW per Hz.
· FFS: the BS power consumption for active UL is provided by
· 
· 
Alt 3
The power consumption of DL transmission in frequency, power and antenna domain  is provided by
  = (1-)  + 

· P3 and P4 are relative power values of micro sleep and active DL transmission, respectively

·  is the resource usage ratio in frequency domain (percentage)
·  is the ratio of PSD (in dB) between the DL transmission and reference configuration
·  is percentage of active TRxRUs.
·  when  = 1
· α and  are provided in the below table

	Parameters 
	FR1
	FR2

	
	[31%]
	[8%]

	
	[0.86]
	[0.24]

	
	[0.025]
	[0.01]



· Notes,
· In time domain, 
· when slot level model is provided, a time domain scaling factor is linearly applied on , if applicable, or on P, according to 
· (1-alpha)*P3 + alpha*P4 where alpha represents the  ratio of the number of active DL symbols within a slot to  the number of symbols within a slot
· The symbol without active DL is to be treated as micro sleep. 
· Companies to describe how to scale for symbols with different frequency domain allocations.
· If an explicit symbol level model is provided, scaling is not applied
· (Already agreed) system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption
· In frequency domain, for at least inter-band CA, the total power consumption of BS is calculated as the sum of the power consumption of each cell
· For intra-band CA, a scaling factor of [0.75] is assumed on  
· In spatial domain, for M-TRP at least with separate RF chains, the total power consumption of BS is assumed as the sum of the power consumption of each TRP.


: in micro sleep, there is neither DL transmission nor UL reception, the power can be assumed as the static power of BS. So, the value of  is 55 for Category 1 and 5.5 for Category 2.
: the dynamic part of the power is scaled based on , to simplify the evaluation and discussion, a non-linear function to represent PA efficiency  is not needed, a fixed value of 0.5 is preferred.
For UL reception, the power consumption is not considered. The energy consumption for UL reception and processing only accounts for about 10% of BS energy consumption, considering the relatively small energy consumption of UL, no scaling is needed for frequency domain. The BS power consumption for active UL is provided by
· 
· 
For TDD time domain, there may be DL transmission and UL reception within a slot, so a time domain scaling factor for DL transmission and UL reception is linearly applied by 
· 
·  is the relative power of active DL/UL symbols 
·  represents the ratio of the number of active DL/UL symbols within a slot to the number of symbols within a slot
Proposal 4: The value of  is 55 for Category 1 and 5.5 for Category 2.
Proposal 5: The dynamic part of the power is scaled based on  with  = 0.5.
Proposal 6: The BS power consumption for active UL is provided by 
· 
· 
Proposal 7: The time domain scaling factor for DL transmission and UL reception is linearly applied by 
· 
·  is the relative power of active DL/UL symbols 
·  represents the ratio of the number of active DL/UL symbols within a slot to the number of symbols within a slot
4. Conclusion
Based on the above discussions, the proposals are as follows:
Proposal 1: Confirm the working assumption of relative power and total transition time for reference configuration set 1.
Proposal 2: The relative power for set 2 and set 3 is the same as that for set 1.
Proposal 3: The additional transition energy for set 1, 2, and 3 is 
	Power state
	Additional transition energy

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088


Proposal 4: The value of  is 55 for Category 1 and 5.5 for Category 2.
Proposal 5: The dynamic part of the power is scaled based on  with  = 0.5.
Proposal 6: The BS power consumption for active UL is provided by 
· 
· 
Proposal 7: In time domain, a time domain scaling factor for DL transmission and UL reception is linearly applied by 
· 
·  is the relative power of active DL/UL symbols 
·  represents the ratio of the number of active DL/UL symbols within a slot to the number of symbols within a slot
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