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1. Introduction
The new Rel-18 SI of network energy saving NR was approved in RAN#94e [1], and the following objectives are included..
	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



In this contribution, we focus on the performance evaluation methods of network energy saving, including the base state energy consumption model and KPIs.
2. Considerations on the BS energy consumption model
2.1 BS energy consumption model
In the RAN1#109-e, the agreements were reached that multiple sleep modes can be defined for the BS energy consumption model [2]. Similar to that in the TR38.840, we think at least three sleep modes should be defined for the BS energy consumption model: deep sleep mode, light sleep mode, and micro sleep mode. Different SM should have different transition time and transition energy. The lower power level of the SM, the longer transition time it has. The characteristics and parameters for each SM can be defined as table 1.
Table 1. Characteristics and parameters for SMs
	Sleep mode
	Characteristics
	Relative power level
	Transition time

	Deep sleep
	More hardware components including all the components related to DL transmission and UL receiving even in the BBU will be turned off, the BS may not wake up until the sleeping period is over. 
	P0 (e.g. 1)
	T0 (few seconds, e.g. 1 s)

	Light sleep
	The BS will turn off the TRX in a longer time than the micro SM, the whole AAU can be turned off. The BS can be waked up by the WUS.
	P1 (e.g. 5)
	T1 (several hundreds milliseconds, e.g. 400ms)

	Micro sleep
	Temporarily turn off the PA i due to the techniques such as symbol-level TRX switch-off. BS can transit into the active mode in a very short time, the time can be ignored. 
	P2 (e.g. 10)
	T2 (no longer than 0.1ms, e.g. 0)


The power level is the relative value, for the active state, the power can be regarded as 100. However, the value of P0, P1, P2, T0, T1, T2 can be further studied and discussed. 
Proposal 1: Three sleep modes can be defined for the BS energy consumption model: deep sleep mode, light sleep mode, and micro sleep mode. 
· FFS: the specific values of the power level and transition time. 

When transition happens, the BS doesn’t need to transit to active mode first, the transition can happen between two modes directly. The transition energy should also be taken into consideration when evaluating the total energy consumption of the network. The transition energy can be calculated with the following method. The BS is transited from mode 1 with power level P1 and transition time T1 to mode 2 with power level P2 and transition time T2, then the transition can be evaluated with the following approximate method.
Etrans= (P2-P1)*(T1-T2)/2
Proposal 2: The transition can happen between different sleep modes directly without transiting to the active mode first, and the transition energy can be evaluated with the approximate method. 

When the BS is neither transmitting nor receiving but also doesn’t enter into any sleep mode, the BS can be regarded as in an idle state. For the BS in idle state, it has lower energy consumption compared with the active state. However, this state shouldn’t be defined as a sleeping state since the BS actually doesn’t turn off the components but just lower the PA level. If the idle state last for a longer time, in our former definition, the BS will transit into a sleep mode. The evaluation of the energy consumption in the idle state can be realized by the scaling of the transmit power.
Proposal 3: For the idle state of the BS shouldn’t be defined as a sleep mode, but can be evaluated by the scaling of transmit power for the active mode. 
The energy consumption of BS is mainly influenced by the configuration and techniques related to the DL transmission, the channel specific energy consumption model is not needed. And for the UL reception, the energy consumption is relative small and stable, so the BS energy consumption model for UL reception should be simplified. The BS sleep modes for UL can be defined separately with DL.
Proposal 4: The BS energy consumption for UL should be simplified, the sleep modes for UL and DL should be defined separately

2.2 Scaling of BS energy consumption model
The energy consumption of the base station including the static part and the dynamic part. The static energy consumption mainly corresponding to the circuit energy consumption of BBU and RRU, while the dynamic part comes from the energy consumption of RF. For simplifying the evaluation work, the scaling method should be considered. And at least the TRX/beam number, occupied bandwidth/RBs, occupied symbols, component carrier number, transmit power/PSD should be considered. For most of the factors, the energy consumption can be scaled by the number of the factors, but for the number of CC, the method can be different for inter/intra-band CA. For the intra-band CA, some components used by different CC may be the same, while for the inter-band CA, the energy consumption is proportional to the number of CC.
Proposal 5: The scaling should be used for BS energy consumption model. The scaling factors should at least include: 
•	Number of TRX/beam
•	Bandwidth/PRBs
•	Number of active symbols
•	Number of CCs (FFS: the scaling methods can be different for CC in inter-band and intra-band CA)
•	transmit power/PA efficiency

In some scenarios, the energy consumption of BS in micro sleep mode may also need to be scaled. For example, if the BS is in the micro sleep mode, the transmit power is relative low but the components are not turned off. In such scenarios, some of the TRXs can still be turned off, and the power consumption can also be scaled at the same time. However, which factors need to be scaled in micro sleep mode is related to the specific characteristics, if the impact of factors on the energy consumption is relative small, the scaled can be ignored. And for the light and deep sleep modes, the scaled may not be needed since most components including the RF have been turned off in such modes. 
Proposal 6:Some of the scaling methods can be further considered for the BS in micro sleep modes, while the scaling may not be needed for other sleep modes.
· FFS: which specific factors need to be scaled in micro sleep modes.

3. Considerations on the KPIs of the network energy consumption
In last meeting, the following agreement has been reached.
	Agreement
For BS energy consumption evaluation, in addition to the energy saving gain,
· At least UPT/UE power consumption/access delay/latency should be considered for performance impact evaluation
· Note: this doesn’t necessarily mean that all the above are considered for all evaluation results. However, multiple KPIs are expected to be evaluated for a given technique. And this does not preclude to consider other KPIs when found appropriate for certain techniques/scenarios.


Since the BS energy consumption evaluation should evaluate both the energy saving and KPIs on performance at the same time, the network energy efficiency(EE) can be defined for the convenience of the evaluation of energy saving. No limited to the bps/Joule as defined in [3], the universal expression of EE can be introduced in this SI. The universal expression of EE can be given by 

Where the  refers to the evaluated performance KPI (e.g. capacity, UPT, latency, coverage), and  refers to the energy consumption (in Joule). With the universal expression of the EE, multiple KPIs can be evaluated in a general methodology.
Proposal 7: The universal energy efficiency can be used as the KPI for the network energy consumption evaluation. 
· 
·  refers to the focused evaluated performance KPI,
·  refers to the energy consumption (in Joule)
4. Conclusion
In this paper, China Telecom’s views on the remain issues for PUSCH coverage enhancements are given.
Proposal 1: 
Three sleep modes can be defined for the BS energy consumption model: deep sleep mode, light sleep mode, and micro sleep mode. 
· FFS: the specific values of the power level and transition time. 
Proposal 2: 
The transition can happen between different sleep modes directly without transiting to the active mode first, and the transition energy can be evaluated with the approximate method.
Proposal 3: 
For the idle state of the BS shouldn’t be defined as a sleep mode, but can be evaluated by the scaling of transmit power for the active mode.
Proposal 4: 
The BS energy consumption for UL should be simplified, the sleep modes for UL and DL should be defined separately.
Proposal 5: 
The scaling should be used for BS energy consumption model. The scaling factors should at least include: 
•	Number of TRX/beam
•	Bandwidth/PRBs
•	Number of active symbols
•	Number of CCs
•	transmit power/PA efficiency.
Proposal 6: 
Some of the scaling methods can be further considered for the BS in micro sleep modes, while the scaling may not be needed for other sleep modes.
•	FFS: which specific factors need to be scaled in micro sleep modes.
Proposal 7: 
The universal energy efficiency can be used as the KPI for the network energy consumption evaluation..
· 
·  refers to the focused evaluated performance KPI,
·  refers to the energy consumption (in Joule)
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