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1. Introduction
It is a broad consensus that network energy saving is of great importance for environmental sustainability and for operation cost savings. In the recent Rel-18 workshop in June, there was a hot discussion on network power saving with about 20 companies submitting related papers, and in the end network energy saving was listed as one of the main topics for subsequent email discussion, with the example areas including “KPIs and evaluation methodology, focus areas and potential solutions” [1]. Based on the most recent email discussion, a total of 35 companies participated the discussion, and a conclusion was made on the power consumption model, evaluation methodology and potential techniques and feature to enable network energy saving, as shown in section 5 in the moderator summary RP-211663 [2].
In this paper, we provide some further analysis and comments based on the discussion/conclusions from the email discussion, along with the detailed proposals on the network power consumption model, the evaluation methodology and the potential energy saving solutions.

2. Further views based on the conclusion from [RAN93e-R18Prep-13]
After the hot discussion, the following conclusion is given by the moderator:
	Potential scope of a study on network energy savings
1. Definition of a network energy consumption model
a) Note 1: it is suggested to adapt the framework of the power consumption methodology of TR38.840 to the network side, utilizing information from known models / external references and other relevant information, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, etc), sleep states and the associated transition times, and one or more reference parameters/configurations
b) Note 2: an absolute power consumption model could also be studied in addition to the relative power consumption model, or a method could be studied for allowing to derive absolute power consumption metric from the relative power consumption metric and additional information available outside 3GPP
2. Definition of an evaluation methodology, including studying potential KPIs
a) Note: evaluation methodology should not focus on a single KPI, but allow evaluating how to enable system-level network energy savings while balancing impact to network/user performance (e.g. spectral efficiency, capacity, UPT, latency) and UE power consumption/complexity
3. Study techniques and features to enable network energy saving
a) Note 1: the focus areas include how to achieve more efficient dynamic and/or semi-static and finer granularity adaptation of transmissions and/or receptions in one or more of time, frequency, spatial, and power domains, with potential support/feedback from UE. Additional areas of the study may include UE assistance information and intra-network information exchange/coordination.
b) Note 2: legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments. 

RAN1 would be the leading WG of such study, with at least RAN3 and RAN4 as secondary WGs and possibly also RAN2. Some companies mentioned a potential need for alignment with SA5 activities on enhancements on energy efficiency for 5G network. Several companies propose to plan the study in order to ensure normative work in Rel-18. 

As a starting point, the following scenarios can be considered as targets for system-level studies on network energy savings: 
- Urban micro in FR1, including TDD massive MIMO
- FR2 beam-based scenarios with massive MIMO
- Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
- EN-DC/NR-DC macro with FDD anchor band and TDD/Massive MIMO on higher FR1 frequency
- Other scenarios, e.g., small cell deployment, can be considered

General note: new features studied or specified in other WI/SI should consider network energy consumption as a criterion in the study and design of new features when relevant.



During the discussion, most of the companies think that a dedicated SI/WI is needed for the study of network energy saving, at least to establish the basic power consumption model and evaluation methodology. Then some Rel-18 features can take the network energy saving into account during their study and even make some evaluation accordingly. Moreover, we agree that RAN1 should be the leading WG of such study. RAN3 and RAN4 may joint in as secondary WGs if intra-network coordination and information exchange would be studied for network energy saving, and also RAN2 may be needed as secondary WG if some UE assistance information as well as the signalling method would be studied. Meanwhile, alignment/coordination with SA5 activities on enhancements on energy efficiency for 5G network can be handled by triggering LS, if needed.
Proposal 1: Support to study network energy saving in a dedicated SI/WI led by RAN1 with potentially RAN2, RAN3 and RAN4 as secondary WGs.
[bookmark: OLE_LINK2]With respect to the target scenarios, we generally agree with the moderator’s proposal. Considering the Urban micro in FR1 is the most widely deployed scenario and the massive MIMO architecture incurs very large power consumption, the scenario in the first bullet, i.e., Urban micro in FR1, including TDD massive MIMO, should be prioritized for study. Similarly, in the FR2 beam-based scenarios, a large amount of analog chains are needed to form a much narrow beam to combat the huge propagation loss and a lot of symbols need to be turned on for beam training, jointly leading to a large power consumption. Hence the scenario in the second bullet, i.e., MIMO FR2 beam-based scenarios with massive MIMO, should also be prioritized for study. For the third sub-bullet, we think the FR1 FDD carriers should also be considered since many FDD spectrums would be re-farmed for NR deployment. Besides, it is widely acknowledged that the power consumption of DL transmission is much larger than that of UL reception. Hence the study on power saving for DL transmission should be prioritized, and if time permits, some study can be carried on the UL reception later. Finally, in our understanding, the study of network energy saving should focus on the case when the network has little traffic or small/medium traffic loads, while the focus should be moved to improve the spectrum efficiency but not the energy efficiency when the traffic load is very high.
Proposal 2: For the target scenarios in the moderator’s proposal, support to prioritize the first two scenarios, i.e., urban micro in FR1, including TDD massive MIMO and FR2 beam-based scenarios with massive MIMO, and also prioritize the study on energy saving for DL transmissions.
2.1 Network power consumption model
[bookmark: OLE_LINK3]Generally, we agree with the moderator’s proposal on network power consumption model and think a reference (or relative) power consumption model should be defined by adapting the model for UE power consumption in TR 38.840 as the starting point. A model for study of power consumption should be able to reflect the relative power gap regardless of specific implementations of different vendors, when their BS operates in different states with different sleeping/transmission strategies and hence is able to guide us to identify the key common factors that have impact on power consumption, while at the meantime is preferably to be simple for 3GPP to carry out evaluations to verify various solutions. The power consumption model used in [3] has proved to be able to be used in 3GPP for this purpose, thus it can be the starting point for further adaptation on network side. 
With respect to the absolute power consumption, it depends on many implementation issues, e.g., the achievable power efficiency of the commercial PA, the resolution and sampling rate of commercial ADCs, etc., and hence is not suitable for study in 3GPP. For example, the model in [4] that was brought up in recent email discussion can be viewed as an absolute power consumption model, in which the consumed power is mainly decoupled into four parts, i.e., PA, analog front-end, digital baseband and process, and power supply. For the power consumption of PA, no explicit modeling is present but it is suggested to utilize actual measurements data to link the consumed power and output power as well as power back-off. Hence a large amount of effort outside 3GPP would be needed. For the power consumption in analog front-end and in digital baseband and process, the power consumption is further divided into a large amount of sub-components, making it extremely complicated to match and align with evaluations results, and mostly, may not be necessary. 
Observation 1: An absolute power consumption model is not needed for the study of network energy saving, while a reference power consumption model is enough to evaluate the relative power gap when the BS operates in different states and the relative power gains of some potential solutions.
Proposal 3: A relative power consumption model should be defined for network power consumption model, by adapting the power model for UE in TR 38.840 suitably.
The detailed consideration on the power consumption modelling is present in Section 3.1 below. 
2.2 Evaluation methodology and related KPIs
We agree with the moderator that the methodology should aim at evaluating how to enable system-level network energy savings while balancing impact to network/user performance (e.g. spectral efficiency, capacity, UPT, latency) and UE power consumption/complexity. More accurately, we think these two KPIs, network energy savings and network/user performance should be jointly evaluated for all cases and potential solutions, and other aspects, e.g., UE power consumption and the gNB/UE complexity, can also be considered for evaluating some solutions when applicable. For evaluating network/user performance, the coverage of common signals for Idle UEs and the UPT of DL/UL data transmission for connected UEs are widely used as a network metric and metric of user experience, respectively. Some operators also mention coverage is important to maintain, thus these could be the starting point. 
Proposal 4: For the evaluation methodology, both the network energy saving gains and the network/user performance should be evaluated. 
· [bookmark: OLE_LINK4]For evaluating network/user performance, at least the coverage of common signals for Idle UEs and the UPT of data transmission for connected UEs should be considered.
2.3 Techniques and features to enable network energy saving 
In our understanding, the study should firstly focus on how to achieve more dynamic and finer granularity adaptation of transmissions and/or receptions in one or more of time, frequency, spatial, and power domains. Note that most of semi-static adaption methods have already been realized through gNB implementation, and as explained in the Section 3.2 below, the semi-static method often lead to some notable performance loss. Some UE assistance information may be useful to enable a more efficient semi-static adaption at gNB, but this can be classified into the area of UE assistance information and intra-UE information exchange/coordination.   
Proposal 5: For the candidate techniques and features, support to focus on the following two areas:
· how to achieve more dynamic and finer granularity adaptation of transmissions and/or receptions in one or more of time, frequency, spatial, and power domains,
· UE assistance information and intra-UE information exchange/coordination.
For further thinking on the network energy saving, some candidate methods are explained in detail in Section 3.

3. Additional views on network energy saving   
3.1 Detailed modelling for network power consumption
In our understanding, the power consumption model of a base station should at least reflect the power consumption values in the following two states: the sleeping state and the active state. The power values usually differ greatly and the related modelling method is also different in these two states. In the sleeping state, there is no signal transmission/reception at all but parts of the circuit components within the base station transceiver should remain to be powered to enable timely activation. The power value mainly depends on how many circuit components can go into sleep, i.e., the sleeping levels. In the active state, there is some signal/data transmission or reception at the base station and the power value often depends on the transmission profile, including how many frequency resources are occupied, how many TRX chains are turned on, how much transmit power is allocated, etc. Finally, the overall power consumption of a base station can be treated as a weighed sum of the power values in these two states with the weighing factors adopted as the time ratio of these two states in time domain.
Observation 2: The power consumption of a base station mainly include the power consumed in the sleeping state and the power consumed in the active state, and the modeling methods are often different in these two states.
For the sleeping sate, the power value depends on how many circuit components go into sleeping. Generally speaking, more circuits going to sleep indicates a smaller power value and also a large activation/de-activation time (also known as transition time). As shown in Table 1 below, three sleeping levels are preferred in the current stage, i.e., deep sleeping, light sleeping and micro sleeping, with a transition time in unit of seconds, frames, symbols respectively. Also for each sleeping level, an extra power consumption is needed during the transition time, as shown in Figure 1 below.
Table 1 Power parameters for different sleeping levels
	Power state
	Transition time
	Power units
	Additional transition energy (power units x second)

	Deep sleep
	~1 seconds
	
	

	Light sleep
	~ 10 ms
	
	

	Micro sleep
	0 or 10us
	
	



 [image: ]
Figure 2 Illustration of sleeping state and corresponding transition phase
The deep sleeping level is defined for evaluating the power value in the evening when some base station or cells can be nearly shut down. For the light sleeping level, its transition time is similar to the period of some common signals/channels and reference signals, and hence is defined for evaluating the power value when the base station has no data but still needs to transmits/receives some basic signals. Finally, the transition time of the micro sleeping level is very small and can be simply used to evaluating the power value on some TTIs without data/signal transmission and receptions temporarily, and is especially useful for evaluating some dynamic power saving solutions.
Proposal 6: For the sleeping state, the power values in different sleeping levels as well as the transition time and the additional transition energy should be defined
· Start from three sleeping levels with the transition time in unit of seconds, frames and symbols respectively.
[bookmark: OLE_LINK5]For the active state, the power consumption for DL and UL can be separately defined, and the transmission profile should at least include these three factors: the number of active TRX chains, the RB allocation and the power boost/back-off factor. One possible method is to refer to the method used for UE power saving, i.e., define the power value for the reference configuration and then define a scaling laws for these factors independently. Alternatively, a simple formula can be introduced in which the power value can be defined as a function of these factors. Note that other factors, e.g., channel/signal type, transmission layers and so on, can be added if identified as necessary. 
Proposal 7: For the active state, the power consumption model for DL and UL should be separately defined and the following factors should be considered in the model
· The number of active TRX chains,
· The RB allocation,
· The power boost/back-off ratio.
3.2 Candidate power saving solutions for FR1
In this section, some enhancements in time domain as well as spatial and power domains are described.
(1) Simplified common signals
In the time domain, more efficient symbol muting can be achieved by simplifying some always-on signals/channels. In NR, some always-on common signals (e.g., SSB and SIB1) are transmitted by the base station to guarantee that the cell is perceptible to UEs. These always-on common signals occupy a certain amount of symbols, in which the base station cannot go into a sleeping mode for energy saving. Table 2 shows the ratios of the always-on common signals in time domain (symbol) under some typical configurations. 
[bookmark: _Ref80984450]Table 2 Ratio of always-on common signals
	
	FR1 @ 30kHz & 8 beam
	FR2 @ 120kHz & 64 beam

	SSB 
	6.5%
	14.8%

	SIB1
	22.7%
	14.8%

	Total
	29.2%
	14.8%

	System configuration:
· Frame structure is 7D : 1S : 2U 
· periodicity of SSB and SIB1 = 20ms and SIB1 is slot-based transmission
· SSB/CORESET multiplexing pattern = Pattern 1 for FR1 and Pattern 3 for FR2



Observation 3: There can be up to 30% symbols for FR1 and 15% symbols for FR2 being active in time for the network to only transmit SSB and SIB1.
A straightforward approach is to enlarge the periodicity of SSB and SIB1 when the network is idle. However, this may increase the access delay of UEs and there is a risk that the legacy UE cannot correctly identify a cell with a longer periodicity of SSB. For some scenarios, especially when there is already a carrier for a UE to be able to receive SSB/SIB1, the common signals for other carriers may be simplified and/or assisted by the signals received from the first carrier. This can be viewed as a kind of RS occupying less symbols (e.g. 2 symbols as shown in Fig. 3) than the existing SSB, aiming to impose less impact on UE performance such as synchronization accuracy and access delay. 
[image: ]
Figure 3 Inter-carrier assistance for SSB/SIB1 transmission
Proposal 8: Study possible methods to optimize/simplify the transmission of common signals, e.g. SSB and SIB1, in single-carrier and multi-carrier scenario without incurring extra access delay.
(2) [bookmark: OLE_LINK6][bookmark: OLE_LINK7]On-demand TRX muting and power adjustment
In the spatial domain, we can reduce the number of active TRX chains to achieve power saving. As shown in the left part of Figure 4 below, we can mute some TRX chains to reduce the power consumption of associated circuits and typically, allocate more RBs to guarantee the transmission rate requirement. In addition, according to the Shannon capacity formula, the total transmit power for delivering a given amount of data can be reduced if a smaller transmit power spectrum density (PSD) is employed (which implies a larger bandwidth should be allocated to guarantee the capacity). As a result, in the power domain, we can reduce the transmit power level to achieve power savings and typically allocate more RBs to remain the transmission capacity, as shown in the right part of Figure 4 below. 
[image: ]
[bookmark: _Ref80902254][bookmark: _Ref80902250]Figure 4 Possible power saving methods through TRX muting and Power back-off
Currently, some implementation methods have been developed, in which the base station can mute some TRX chains or reduce the transmit power semi-statically in, e.g., 1 second or 100 ms. However, this semi-static method has two non-negligible drawbacks. The first is the impact on coverage of some common/control signals/channels. For example, on some TTIs with SSB/SIB1/paging transmission, muting some TRX chains would lead to reduced cell coverage and hence some cell-edge UEs cannot successfully receive these messages. The second one is this method cannot track the dynamic traffic arrival timely. For example, the fixed TRX muting/power adjustment scheme would lead to extra transmission delay on some TTIs with large traffic buffer or poor channel condition. By contrast, dynamic TRX muting/power adjustment can be implemented in a per-TTI manner to accommodate the channel/signal type and also the traffic buffer as well as channel condition for data transmission, and hence achieve the best power saving gains while still guarantee no performance loss.
Observation 4: Dynamic TRX muting and power adjustment can be performed in a per-TTI manner according to the signal/channel type, the traffic buffer and channel condition on this TTI, achieving the best power saving with guaranteed performance.
In order to assist the dynamic TRX pattern and power adjustment, finer resolution of link adaptation and channel state indication may be helpful. To understand this, it would be interesting to investigate whether the optimal transmission layers and MCS for different active TRX patterns can be easily maintained, by reusing the existing CSI report of a certain TRX pattern from the UE. 
Proposal 9: Study dynamic TRX muting/power adjustment, e.g. in TTI-level, with proper UE feedback/assisted information, e.g. enhanced CSI measurement/report.

3.3 Candidate power saving solutions for FR2
In FR2, the transmission pathloss is large and hence a lot of antennas are exploited to form a narrow beam for signal transmission. This large amount of antennas used for beamforming incurs a large power consumption. Besides, to select a suitable beam for transmission, a lot of symbols must be turned on for beam training, resulting in a large static power consumption. In the following, some candidate methods are proposed to solve these two problems. 
(1) Simplified cell access
For a FR2 carrier which is co-deployed with a FR1 carrier, simplified common RS as described in section 3.2 can also be considered. 
For a FR2 carrier which is deployed in a standalone manner, there may be further room to reduce the need of the always-on common signals such as SSB/SIB1 due to different activeness among beams, e.g., replacing these signals by on-demand SSB/SIB1 (note on-demand SIB is already specified). In this way the cell access can be further simplified according to UE triggering/assistance information.
Proposal 10: Study possible methods to enable on-demand common signals especially SSB/SIB1 transmission.
(2) On-demand subarray adjustment
Currently, due to the large pathloss in FR2, all analog chains are activated to form a narrow beam to guarantee the coverage. However, when the traffic load is small or the target UE is close to the base station, some of analog chains can be muted to reduce the power consumption in these chains while the QoS of data transmission can still be guaranteed by allocating more RBs to this UE. This method is usually called as subarray shutdown since muting some analog chains means also muting the subarray linked to these chains. On the other hand, for different user activeness among beams, subarray allocation may also be useful.
Similar to the TRX muting method in FR1, semi-static subarray shutdown would impact the coverage of some common/control signals/channels, and also cannot track the dynamic traffic arrival per-TTI. Hence dynamic subarray shutdown/allocation in a per-TTI manner can be further studied, with enhancements on beam training assisted by UE traffic type related information and measurement report.
Observation 5: Dynamic subarray adjustment can be performed in a per-TTI manner to achieve the best power saving with guaranteed performance.
Proposal 11: Study enhancements on beam training assisted by UE measurement/report to enable dynamic subarray adjustment and accurate beam selection/link adaption.

4. Conclusions
In this paper, the power consumption for BS as well as the possible methods to achieve power savings are discussed. The following observations and proposals are provided.
Observation 1: An absolute power consumption model is not needed for the study of network energy saving, while a reference power consumption model is enough to evaluate the relative power gap when the BS operates in different states and the relative power gains of some potential solutions.
Observation 2: The power consumption of a base station mainly include the power consumed in the sleeping state and the power consumed in the active state, and the modeling methods are often different in these two states.
Observation 3: There can be up to 30% symbols for FR1 and 15% symbols for FR2 being active in time for the network to only transmit SSB and SIB1.
Observation 4: Dynamic TRX muting and power adjustment can be performed in a per-TTI manner according to the signal/channel type, the traffic buffer and channel condition on this TTI, achieving the best power saving with guaranteed performance.
Observation 5: Dynamic subarray adjustment can be performed in a per-TTI manner to achieve the best power saving with guaranteed performance.

Proposal 1: Support to study network energy saving in a dedicated SI/WI led by RAN1 with potentially RAN2, RAN3 and RAN4 as secondary WGs.
Proposal 2: For the target scenarios in the moderator’s proposal, support to prioritize the first two scenarios, i.e., urban micro in FR1, including TDD massive MIMO and FR2 beam-based scenarios with massive MIMO, and also prioritize the study on energy saving for DL transmissions.
Proposal 3: A relative power consumption model should be defined for network power consumption model, by adapting the power model for UE in TR 38.840 suitably.
Proposal 4: For the evaluation methodology, both the network energy saving gains and the network/user performance should be evaluated. 
· For evaluating network/user performance, at least the coverage of common signals for Idle UEs and the UPT of data transmission for connected UEs should be considered.
Proposal 5: For the candidate techniques and features, support to focus on the following two areas:
· how to achieve more dynamic and finer granularity adaptation of transmissions and/or receptions in one or more of time, frequency, spatial, and power domains,
· UE assistance information and intra-UE information exchange/coordination.
Proposal 6: For the sleeping state, the power values in different sleeping levels as well as the transition time and the additional transition energy should be defined
· Start from three sleeping levels with the transition time in unit of seconds, frames and symbols respectively.
Proposal 7: For the active state, the power consumption model for DL and UL should be separately defined and the following factors should be considered in the model
· The number of active TRX chains,
· The RB allocation,
· The power boost/back-off ratio.
· Proposal 8: Study possible methods to optimize/simplify the transmission of common signals, e.g. SSB and SIB1, in single-carrier and multi-carrier scenario without incurring extra access delay.
Proposal 9: Study dynamic TRX muting/power adjustment, e.g. in TTI-level, with proper UE feedback/assisted information, e.g. enhanced CSI measurement/report.
Proposal 10: Study possible methods to enable on-demand common signals especially SSB/SIB1 transmission.
Proposal 11: Study enhancements on beam training assisted by UE measurement/report to enable dynamic subarray adjustment and accurate beam selection/link adaption.
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