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Introduction
In RAN#109-e meeting, the agreements in Appendix were achieved for network energy savings for NR [1].
In this contribution, we further share our views on the evaluation methodology and power model of the network energy saving.
Discussion

Slot-level or symbol level model
In our view, as low load case is more typical for this study item, it is important that gNB is able to strive for shorter active time in the simulation for energy saving. Therefore, gNB may choose to use large bandwidth and number of antenna elements to schedule UE(s) in DL. Given this, symbol level scheduling in DL should be able to be modelled. Similarly, the UL may use shorter PUSCH and short PUCCH format 0/2. Thus similarly, symbol level modelling is meaningful to explore time domain adaptation.
In the system level simulation, it is expected to consider both DL and UL, even when only modelling traffic in single direction. For example, PDCCH and PDSCH are modelled for DL traffic scheduling, but on the other hand PUCCH should also be modelled for HARQ-ACK. Similar logic applies to UL traffic simulation and PDCCH for implicit HARQ-NACK and retransmission should be considered.
Moreover, some other typical cases like PDCCH-only, mixed DL/UL in a slot should also be addressed by the power model. Therefore,
Proposal 1: Instead of scaling from slot-level model to symbol level power consumption, symbol level model should be defined, which is more intuitive and meaningful.

Regarding possible new mode to address backstage processing
At gNB side, in some symbols or slots there is neither actual transmission nor actual reception but some necessary processing before the transmission or after the reception. We call it as backstage processing and it cannot be well modelled by the current sleep and non-sleep modes. In UE power consumption model of the slot level, these are included in the slot processing but gNB processing before the transmission or after the reception is not limited to a slot. So whether/how to model such gNB activity is discussed in this section.
It is noted that this is also relevant with whether sleep modes is defined separately or jointly for DL and UL.
Table.1 Possible cases of gNB backstage processing when neither transmitting nor receiving.
	Backstage processing cases
	DL transmission preparation
	UL detection/reception processing 

	Case #1
	w/
	w/

	Case #2
	w/
	w/o

	Case #3
	w/o
	w/

	Case #4
	w/o
	w/o


As listed in Table.1, Case #1/2/3 fall within the scope of discussion. In our view, below options can be starting point to consider.
· Option 1: This part of energy is averaged and included in the active modes
· Most likely, the backstage processing directly leads to or is led by a certain transmission or reception. Therefore, to add this part of energy consumption into power value of non-sleep modes would be reasonable approximation. The corresponding processing energy for whichever DL or UL can be easily associated to the DL or UL power model, respectively.
· Even for non-sleep power mode, backstage processing may also exist, e.g. in a slot that gNB transmits only PDCCH/PDSCH, gNB may also perform detection/reception processing for UL channels/signals. The interaction of Xn/F1 interfaces is also some processing. Thus, such kind of processing is more realistic to consider and counted in non-sleep modes.
· Option 2: This part of energy is taken into account in micro-sleep mode (if supported)
· This is related to an open issue left in the previous meeting that whether sleep mode is defined for DL(TX) and UL(RX) jointly or separately. This option would potentially lead to defining sleep mode separately for DL and UL.
· This option would need to consider all the four cases in Table.1, which would be a bit over optimization for too detailed sleep mode modeling. Note that our view is DL RF power consumption is the majority of gNB power consumption and baseband power consumption is relatively small. For UE power consumption evaluation, because of longer DRX cycle compared with actual active time, relatively accurate model is required for OFF/sleep state. On the other hand, for base station power model, because of the need for periodic channels transmission/reception, we don't think detailed OFF state power model contribute much difference of the network power consumption.
· Option 3: This part of energy is defined in a new state
To a more detailed level, the processing efforts can be categorized into two parts. One part depends on the traffic scheduling. The other part is for necessary periodic transmission/reception to make the system functional, e.g. SIBs, CSI-RS, PRACH, SR, SRS. Given this, in the context of low/medium load assumption in this SI, it is good to clarify which part dominates this backstage processing. Thus it would be helpful for checking which one in above options is closer to reality. At this moment, our preference order is:
Proposal 2: In the below options to model the backstage processing in gNB power model, our preference order is Option 1 > Option 3 > Option 2.
· Option 1: This part of energy is averaged and included in the active modes
· Option 2: This part of energy is taken into account in micro-sleep mode (if supported)
· Option 3: This part of energy is defined in a new state


Sleep modes definition
In the agreements of previous meeting, the below two issues are agreed to be studied.
	· Study whether sleep mode is defined for DL(TX) and UL(RX) jointly or separately
· Study the assumption of order for BS entering/resuming from a sleep mode to another mode (sleep or non-sleep) and the associated transition time and energy, i.e. state machine which may have impact on the transition energy.



Whether sleep mode is defined for DL(TX) and UL(RX) jointly or separately
As aligned with our position in previous section, joint model for sleep modes for DL and UL is preferable at this moment.
Proposal 3: Sleep mode is defined for DL(TX) and UL(RX) jointly.

On state machine of switching from a sleep mode to another mode
As of the order for BS entering/resuming from a sleep mode to another mode, 
· A simple assumption/alternative is only simple transition between active and sleep modes is supported, which is same with UE power model defined in Rel.16.
· A more complicated state machine is that, gNB can switch from a sleep mode to another sleep mode. Basically, gNB can choose to enter different level of sleep modes assuming more or less activities in a step by step manner. Then more sophisticated transition time and energy for the state machine need to be defined. 
As this is closely related to gNB implementation, we are open to hear more opinions, especially from base station vendors, on whether it is worthy the complication of modelling. At this moment, we prefer the simpler option.
Proposal 4: Regarding the assumption of order for BS entering/resuming from a sleep mode to another mode (sleep or non-sleep), only simple transition between active and sleep modes is supported, which is same with UE power model defined in Rel.16.

How many and which sleep modes need to be defined
For discussion purpose, the reason to define sleep modes is to emulate that different BS components can be turned off in different sleep modes. As a normally operating gNB, it has to handle some periodic transmission/reception in periodically configured resources, e.g. SSB, SIB-X, CSI-RS in the DL, and also SR, SRS, PRACH, CSI report on PUCCH in the UL. Hence it is important to understand how long a typical gap should be between operating in non-sleep mode. 
Different from UE side, gNB may have much less time to “sleep”, which depends on the minimum gap within and between the periodic resources as already mentioned, and the load status in terms of active UE number and traffic. Furthermore, the transition time and energy consumption should be larger than UE case, which means it requires sufficiently longer time and more energy for a gNB to turn into a deep sleep mode. In general, this is due to the gNB’s nature as a more complicated system than UEs.
Although above mentioned activities may not be simulated in the gNB energy evaluation which is packet scheduling based, gNB activity of less likely to go into deep sleep should be consider. Thus, we may need to be more careful on defining a deep sleep similar to UE. Give above analysis,
Proposal 5: A light sleep mode and micro sleep mode may possibly fulfil modelling sleep modes, which should be defined. As of a deep sleep mode, more careful study and clarification on gNB activity is needed before agreeing to support. Even if defined, more aggressive transition time and energy should be considered, compared with UE power model.

UL for FDD
Regarding energy consumption modelling for FDD, the working assumption lists two options for potential down-selection in RAN1#110 meeting:
Option 1: the power consumption is the total of DL and UL power consumption
Option 2: the power consumption for UL is neglected
So far our position is to support Option 1.
Proposal 6: The power consumption is the total of DL and UL power consumption for FDD modelling.

Scaling methodology
The scaling methodology of Rel.16 UE power model is defined case by case, but not based on a general framework.
For a clearer scaling procedure for base station power model, it is beneficial to define the scaling methodology with more unified framework.
Moreover, considering the much more complicated system structure of gNB, it is proposed to clarify whether the data processing and RF part energy consumption should be jointly or separately scaled. From bases station side, the RF part is more complex than UE and involves more physical antenna elements/panels. The PA power consumption  is also of much larger portion than UE to provide sufficient cell coverage. Given this, it is worth to scale RF part separately.
Proposal 7: Energy consumption of RF and data processing should be separately scaled in base station power model.
To define a energy consumption scaling methodology for non-sleep modes, 
· The data processing part mainly depends on the data amount/RE number 
· The RF part mainly depends on the number of Tx/Rx chains and total Tx power (for DL). The later one depends on the PSD and the total Tx bandwidth.
As a more complete procedure, the following scaling methodology is proposed:
Proposal 8: For a non-sleep mode, the following scaling methodology is supported for base station energy consumption model:
· RF part and data processing part are separately calculated.
· The RF part energy consumption is scaled by 
· The number of Tx/Rx chains (considering the number of antenna elements/panels and TRPs)
· PSD (only for Tx/DL)
· bandwidth
· The number of DL/UL symbols
· The data processing part is scaled by
· The number of REs, which is decided by the number of DL/UL symbols and bandwidth
· The number of MMO layers.

Conclusion
Proposal 1: Instead of scaling from slot-level model to symbol level power consumption, symbol level model should be defined, which is more intuitive and meaningful.
Proposal 2: In the below options to model the backstage processing in gNB power model, our preference order is Option 1 > Option 3 > Option 2.
· Option 1: This part of energy is averaged and included in the active modes
· Option 2: This part of energy is taken into account in micro-sleep mode (if supported)
· Option 3: This part of energy is defined in a new state
Proposal 3: Sleep mode is defined for DL(TX) and UL(RX) jointly.
Proposal 4: Regarding the assumption of order for BS entering/resuming from a sleep mode to another mode (sleep or non-sleep), only simple transition between active and sleep modes is supported, which is same with UE power model defined in Rel.16.
Proposal 5: A light sleep mode and micro sleep mode may possibly fulfil modelling sleep modes, which should be defined. As of a deep sleep mode, more careful study and clarification on gNB activity is needed before agreeing to support. Even if defined, more aggressive transition time and energy should be considered, compared with UE power model.
Proposal 6: The power consumption is the total of DL and UL power consumption for FDD modelling.
Proposal 7: Energy consumption of RF and data processing should be separately scaled in base station power model.
Proposal 8: For a non-sleep mode, the following scaling methodology is supported for base station energy consumption model:
· RF part and data processing part are separately calculated.
· The RF part energy consumption is scaled by 
· The number of Tx/Rx chains (considering the number of antenna elements/panels and TRPs)
· PSD (only for Tx/DL)
· bandwidth
· The number of DL/UL symbols
· The data processing part is scaled by
· The number of REs, which is decided by the number of DL/UL symbols and bandwidth
· The number of MMO layers.
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Appendix: 
Agreement
For evaluation purpose, the energy consumption modeling for a BS includes at least the following:
· Reference configuration
· FFS other details
· Note FR1 and FR2 to be separately considered for detailed parameters
· Multiple power state(s) including sleep/non-sleep mode(s) with relative power, and associated transition time/energy
· Scaling method to be applied at least for non-sleep mode.
· FFS other details including scaling for sleep mode

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.


Agreement
· For evaluation, at least for non-sleep mode and TDD, the BS power consumption for DL and UL are separately modelled, allowing DL-only transmission or UL-only reception.
· FFS: whether UL-only reception energy consumption model can be derived/simplified from DL-only transmission energy consumption model
· FFS: the impact of UL reception and/or DL transmission on sleep modes and associated transition time/energy
· FFS: whether/how to define an idle state, where BS is neither transmitting nor receiving but also doesn’t enter into any sleep mode or define it as sleep mode
· FFS: whether the model for FDD can be based on the model for TDD


Agreement
For evaluation purpose, 
· Study how to define sleep modes and determine the characteristics for each mode from one or multiple of the below
· Relative power 
· Transition time
· Transition energy
· Other approaches are not precluded
· Note: BS components that can be turned off can be considered for discussion purpose when defining the specific values of the characteristics for sleep modes.
· Study whether sleep mode is defined for DL(TX) and UL(RX) jointly or separately
· Study the assumption of order for BS entering/resuming from a sleep mode to another mode (sleep or non-sleep) and the associated transition time and energy, i.e. state machine which may have impact on the transition energy.


Agreement
For evaluation, the scaling in a BS energy consumption model can be considered based on one or more of the following,
· Number of used physical antenna elements, or TX/RX RUs
· FFS: Mapping between used TX/RX RUs and used antenna ports
· FFS: Mapping between physical antenna elements and TX/RX RUs
· Occupied BW/RBs for DL and/or UL in a slot/symbol in one CC
· number of CCs in CA
· FFS dependency of RF sharing 
· number of TRPs
· PSD or transmit power 
· FFS dependency on BW scaling
· FFS: PA energy efficiency value
· number of DL and/or UL symbols occupied within a slot
· FFS other domain scaling
· FFS scaling is linearly or else, for each domain
Above does not necessarily imply that BS energy consumption model that takes into account all listed scaling factors will be developed


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.

Agreement
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.

Agreement
· FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time), FTP3 IM (0.1MB as packet size, 2s as mean inter-arrival time) and VOIP can be considered in the evaluation 
· FFS: with possible further prioritization, different model between DL and UL, and/or other traffic models that can be optionally considered.
FFS associated scenarios/configurations, e.g. C-DRX.


Agreement
For evaluation and BS energy consumption modeling purpose, for single CC case, at least the following in table should be considered for reference configuration
· Note: other TX-RX RU number and corresponding BS antenna configuration can be considered in SLS assumptions
	
	Set 1 FR1
	Set 2 FR1
	Set 3 FR2

	Duplex
	TDD
	FDD
	TDD

	System BW
	100 MHz
	20 MHz
	100 MHz

	SCS
	30 kHz
	15 kHz
	120 kHz

	Number of TRP
	1
	1
	1

	Total number of DL TX RUs
	64
	(working assumption) 32
	2

	Total DL power level
	55dBm
	[49dBm] – to be further discussed and finalized in future meetings

	43dBm – to be further discussed and finalized in future meetings

EIRP limited to 78dBm – to be further discussed and finalized in future meetings

	Total number of UL Rx RUs
	64
	(working assumption) 32
	2



Agreement
As a starting point,
· macro cell BS for FR1 is assumed for energy consumption model.
· FFS: micro cell BS for FR2 is assumed for energy consumption model.


Agreement
The evaluation baseline for energy saving study/evaluation for BS includes at least NR R15 mandatory without capability features. Optional features from R15 onwards (e.g. CA, MIMO) as well as implementation-based energy saving techniques should be explicitly reported and described if used in the evaluation baseline.
· FFS: need of alignment for certain configurations/implementation-based schemes.

Agreement
· Similar to UE power saving study, percentage of energy consumption reduction from the baseline is used to express BS energy saving gain.
· SLS is considered as baseline evaluation method. Other method, including numerical analysis and LLS can also be considered. At least one of the methods should be selected and used for evaluation of a specific technique (selection and criteria is up to proponent).

Working assumption
For evaluation, for energy consumption modelling for FDD and the case of simultaneous DL transmission and UL reception for non-sleep mode, study the following with potential down-selection in RAN1#110
· Option 1: the power consumption is the total of DL and UL power consumption
· Option 2: the power consumption for UL is neglected
· Other option is not precluded
· Note the DL (or UL) power consumption can be obtained using a same approach as that obtained from the DL (or UL)-only in TDD model
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