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Introduction
Practical network energy savings will make 5G commercialization widely prosperous which is also significantly beneficial for UE vendors. In [1], one objective of network energy saving is to define BS energy model and KPI.
	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.


This contribution provides our view on BS energy model and KPI for network energy savings. For the terminologies in the contribution, energy consumption is used generally, and power consumption for a specific time unit (e.g. a slot or a symbol) is used.

Base station energy consumption model
Time domain granularity
In RAN1#109e [2], it was agreed that at least the slot granularity should be considered, and the finer granularity, including symbols occupancy, RB(s) utilization and TX-RX direction, can be considered.
	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.


However, how to model the symbol-level power consumption should be further discussed, e.g. explicit symbol-level power consumption or scaling the slot-level to the symbol level. Since it was noted that system simulation evaluations are still based on slot level, the symbol-level power consumption may finally take effect into the slot-level power consumption in case-by-case manner, e.g. SSB-only slot and BS micro-sleep in symbol level. For simplification, scaling slot-level power to symbol level can be considered.
Proposal 1: Scaling slot-level to symbol-level power consumption can be considered to support symbol-level modeling.

Additional transition energy
In the post RAN1#110 email discussion [3], companies had concerns that the additional transition energy according to the “triangle equation” () will lead to deep sleep has larger power consumption than light sleep during the transition time of deep sleep. In our view, both the power consumption of a sleep mode and the transition time are collected as average value of multiple proponents, so the “triangle equation” cannot keep the principle that deep sleep should have smaller power consumption than light sleep during the transition time. Therefore, the additional transition energy can be adjusted case by case.
Proposal 2: The additional transition energy for sleep modes can be adjusted case by case.

Scaling
In the post RAN1#110 email discussion [3], companies tried to have consensus of scaling equation, but it is still divergent. In our view, it is common understanding that the scaling equation is a static part plus a dynamic part, and the dynamic part is divided in to several components, e.g. component for antennas and component for joint of frequency and power. In our view, we should align our understanding for the static part and each component of dynamic part at first.
Proposal 3: Before rushing into the scaling equation, we should align our understanding for the static part and each component of dynamic part in the scaling equation.
Static part vs. empty load
For the static part, in our view, it means no transmission according to the proposed scaling equations. However, the power consumption of the empty load means the power consumption for the case where resource used for UE specific PDSCH/PUSCH is zero but common signals/channels may be still transmitted. Furthermore, if common signals/channels, e.g. SSB/SI/paging, belong to the static part, it is hard for companies have a consensus on the value of the static part. On the contrary, if they belong to the dynamic part, each company can provide the resource/configuration of common signals/channels and the corresponding energy consumption individually.
Proposal 4: The static part does not include common signals/channels, e.g. SSB/SI/paging. Common signals/channels belong to the dynamic part.
0. Micro sleep vs. static part
It is questionable that whether the power consumption of the micro sleep can be lower than that of the static part. In our view, the power consumption of the micro sleep is lower than that of the static part (no transmission), otherwise, there is no energy saving gain for BS to go to micro sleep since no transmission is good enough. To be honest, if BS cannot get the energy saving gain by entering the short time sleep, the DTX of BS is not so meaningful for network energy saving. From BS implementation, it is a way forward that BS can be updated to feature a power efficient on/off mechanism in the near future.
Proposal 5: The power consumption of the micro sleep is lower than that of the static part.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
We have the following proposals.
Proposal 1: Scaling slot-level to symbol-level power consumption can be considered to support symbol-level modeling.
Proposal 2: The additional transition energy for sleep modes can be adjusted case by case.
[bookmark: _GoBack]Proposal 3: Before rushing into the scaling equation, we should align our understanding for the static part and each component of dynamic part in the scaling equation.
Proposal 4: The static part does not include common signals/channels, e.g. SSB/SI/paging. Common signals/channels belong to the dynamic part.
Proposal 5: The power consumption of the micro sleep is lower than that of the static part.
Proposal 6: Common signals/channels, e.g. SSB/SI/paging, belong to the dynamic part.
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Appendix

A.1	Power consumption model
In RAN#110 [4], it was agreed to use the tables to define power consumptions for sleep modes and non-sleep modes, where the sleep modes include deep sleep, light sleep and micro sleep, and the non-sleep modes include active DL and active UL.
	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).


In the post RAN1#110 email discussion, the definition of the additional transition energy was clarified. During the transition time, the total energy consumption includes the energy consumption of a certain sleep mode, ramping down and ramping up.
	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


As for the issue of whether transition between two sleep modes is allowed, for simplicity, it was agreed not to pursue.
	Agreement
For initial evaluations, there is always a non-sleep mode assumed between adjacent sleep modes. 



A.1.1	Values for the set 1
For the specific values in the tables, companies had a working assumption for the set 1, i.e. FR1 TDD.
	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.





In the post RAN1#110 email discussion [3], the additional transition energy almost achieved the consensus (Proposal 2.1.3.2-1-rev1), but some companies still have concern on the values, e.g. too large value for deep sleep.
	· (Working Assumption) for set 1, the additional energy (unit in relative power*(duration in ms)) is 
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088





For simplicity, we temporarily use the above values and get the table for the values for the set 1.
Table 1: The temporary power values for the set 1 (values in red are not solved)
	Power state
	Relative Power P
	Total transition time T
	Total transition energy

	Deep sleep
	1
	1
	Cat 1:

50ms 
	Cat 2: 

10s
	Cat 1:

1*50 + 1350 = 1400
	Cat 2:

1*10000 + 22500 = 32500

	Light sleep
	Cat 1: 25
	Cat 2: 2.1
	Cat 1: 6 ms
	Cat 2: 640 ms
	Cat 1: 25*6 + 90 = 240
	Cat 2: 2.1*640 + 1088 = 2432

	Micro sleep
	Cat1: 55
	Cat 2: 5.5
	0
	0
	0
	0

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

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



A.1.2	Values for the set 3
In RAN1#110 [4], urban micro cell for FR1 was agreed to be optionally considered and urban micro cell for FR2 was agreed to be prioritized with ISD = 200m.
	Agreement
· For FR1, urban micro can be optionally considered.
· For FR2, urban micro is prioritized, with ISD=200 m is assumed. 


Thus, we will discuss the values of power model for the set 3.
In the post RAN1#110 email discussion [3], companies tried to achieve the final agreement on the values for the set 3, but we cannot gain the consensus. We only achieve the following agreement and conclusion.
	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.


In the post RAN1#110 email discussion [3], the power consumptions almost achieved the consensus (Proposed working assumption 2.1.4.2-1), but some companies still have concern on the values.
	· FFS: The relative power values for reference configuration set 2 and set 3 is 
	Power state
	Relative Power P for Category 1
	Relative Power P for Category 2

	
	Set 2
	Set 3
	Set 2
	Set 3

	Deep sleep
	1
	1
	1
	1

	Light sleep
	23
	20
	2.6
	1.8

	Micro sleep
	50
	38
	5
	3

	Active DL
	240
	152
	40 
	8.4

	Active UL
	90
	80
	 5.8
	4.2





The total transition energy is the additional transition energy plus the energy consumption during the sleep, and the additional transition energy is calculated by the method mentioned by Proposal 2.1.3-1 in the post RAN1#110 email discussion [3].
	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.


The additional transition energy is listed in the following table.
Table 2: The temporary values for the additional energy for the set 3
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	(38-1)*50/2 = 925
	(3-1)*10000/2 = 10000

	Light sleep
	(38-20)*6/2 = 54
	(3-1.8)*640/2 = 384


Finally, we get the table for the values for the set 3 for temporary use.
Table 3: The temporary power values for the set 3 (values in red are not solved)
	Power state
	Relative Power P
	Total transition time T
	Total transition energy

	Deep sleep
	1
	1
	Cat 1:

50ms 
	Cat 2: 

10s
	Cat 1:

1*50 + 925 = 975
	Cat 2:

1*10000 + 10000 = 20000

	Light sleep
	Cat 1: 20
	Cat 2: 1.8
	Cat 1: 6 ms
	Cat 2: 640 ms
	Cat 1: 20*6 + 54 = 174
	Cat 2: 1.8*640 + 384 = 1536

	Micro sleep
	Cat1: 38
	Cat 2: 3
	0
	0
	0
	0

	Active DL
	Cat 1: 152
	Cat 2: 8.4
	N.A.
	N.A.
	N.A.
	N.A.

	Active UL
	Cat 1: 80
	Cat 2: 4.2
	N.A.
	N.A.
	N.A.
	N.A.



