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Introduction
A study item on network energy savings for NR was approved in RAN#94 and is planned to be finished in RAN#98 [1]. In this paper, we discuss the power consumption model and evaluation methodologies for evaluation of various NW energy saving technologies in this SI. 

Discussion
[bookmark: _Ref228947482]BS power consumption model

	Working Assumption in RAN1#110 [2]
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.






Above working assumption was agreed in in last RAN1 meeting. Two set of values, i.e., Cat. 1 and Cat. 2, are introduced for reference configuration set 1. Obviously, the two set of values are largely different from each other. For an easier understanding, this table can be converted to Table 1 in which the relative power of each power state is normalized by setting the relative power of micro sleep as 1. It can be observed that Cat. 1 in comparison with Cat.2 has much shorter transition time but larger power saving gains for deep sleep and light sleep. The ratio between the power of active DL and active UL is also largely different. This means that the evaluation result of energy saving gains can be largely different depending on which set is used. 

Table 1: Values of relative power of each power state compared to micro sleep
	Power state
	Relative Power P
	Total transition time T

	Deep sleep
	Cat1: 0.018
	Cat 2: 0.18
	Cat 1: 50ms 
	Cat 2: 10s

	Light sleep
	Cat 1: 0.45
	Cat 2: 2.1
	Cat 1: 6 ms
	Cat 2: 640 ms

	Micro sleep
	1
	1
	0
	0

	Active DL
	Cat 1: 5.09
	Cat 2: 5.82
	N.A.
	N.A.

	Active UL
	Cat 1: 2.0
	Cat 2: 1.18
	N.A.
	N.A.



On the other hand, the only close value between Cat. 1 and Cat .2 is the power of active DL compared to micro sleep. It may be worth to unify the the BS power consumption model for active DL.
Observation 1: The choice between Cat .1 and Cat .2 might lead to a different conclusion for the evaluation of energy saving techniques due to the non-negligible difference.
Observation 2: Among many differences between Cat. 1 and Cat .2, the difference on the power of active DL compared to micro sleep is relatively small. 


	Conclusion in RAN1#110 [2]
Companies are encouraged to check discussion in section 2.2.2 of R1-2208312 for scaling discussion in the next meeting.



As in FL’s summary [R1-2208312], the following two alternatives are used in the last round discussion of power scaling of DL transmission,   

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. Value is to be determined based on
· : a dynamic part of the power that is scaled based on reference configurations based on ,
·  is the PA efficiency.
· FFS whether/how to use a non-linear function to represent .
Alt. 3 The power consumption of DL transmission in frequency, power and antenna domain  is provided by
  = (1-)  + 
 For both Alt.1 and Alt.3, , , is the percentage of active TxRUs, the ratio of RF bandwidth and system BW and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively.

	For both alternatives,   is related to the PA efficiency. Considering the time constraint in this SI, a fixed value can be used for  for simplicity. Incorporating non-linear function in  does not necessarily enhance the accuracy of the power model considering that the relative power P itself is simply calculated based on average of several inputs from multiple companies. 
Similarly, Alt. 1 is preferred for evaluation. It is simpler but without loss of generality in comparison with Alt. 2. In Alt. 1, Pstatic can be set as a same or close value with the relative power of micro sleep.  As discussed in the part of relative power, Cat.1 and Cat. 2 have a similar power value of active DL compared to micro sleep. A unified scaling method at least for DL transmission between Cat. 1 and Cat. 2 can contribute to a better common understanding of energy saving gains.  


Proposal 1: At least for FR1 TDD, BS power consumption for active DL is provided by,
,
Where  is the percentage of active TxRUs, 
 is the ratio of RF bandwidth and system BW, 
 is the ratio of PSD per TxRU between the DL transmission and reference configuration, and  is a fixed value per reference configuration set.



UPT/latency impact

	Agreement in RAN1#110 [2]
· 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).



As in above agreement, introduction of exact requirements/Qos target for UPT/latency impact was discussed in last RAN1 meeting [2]. In principle, it could be used for comparison between the evaluation results of various energy saving techniques from different companies’ inputs. However, no calibration was performed for the evaluation and different energy saving techniques may be used in different scenarios. An exact requirements/QoS target for UPT/latency impact may not provide additional insight for the comparation while additional time for the discussion and simulation are required. Therefore, it is not needed to further discuss and introduce exact requirement/QoS target for UPT and/or latency impact for evaluation.
	On the other hand, the impact on average UPT and 5% UPT may not always be the same. Both results are needed for the evaluation.

Proposal 2: Both average UPT and 5% UPT are reported together with energy saving gains. RAN1 does not define exact requirements/QoS target for UPT impact.


Conclusions
We discussed power consumption model and evaluation methodologies for BS energy savings performance evaluation. Proposals and observations are summarized as follows,
Observation 1: The choice between Cat .1 and Cat .2 might lead to a different conclusion for the evaluation of energy saving techniques due to the non-negligible difference.

Observation 2: Among many differences between Cat. 1 and Cat .2, the difference on the power of active DL compared to micro sleep is relatively small. 

Proposal 1: At least for FR1 TDD, BS power consumption for active DL is provided by,
,
Where  is the percentage of active TxRUs, 
 is the ratio of RF bandwidth and system BW, 
 is the ratio of PSD per TxRU between the DL transmission and reference configuration, and  is a fixed value per reference configuration set.

Proposal 2: Both average UPT and 5% UPT are reported together with energy saving gains. RAN1 does not define exact requirements/QoS target for UPT impact.

References
[bookmark: _Ref520980791][1] RP-213554, “Study on network energy savings”, RAN#94e, Dec. 6-17, 2021
[2] “RAN1 chair’s note”, RAN1#110, Toulouse, France, August 22-26, 2022
1

