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In this contribution, we discuss potential techniques that are applicable to Radio Access Network (RAN) that enable network energy savings and improve network energy efficiency. The discussion is split into 5 categories, time domain, frequency domain, spatial domain, power domain, and others, based on discussions from RAN1 #109-e. 

Discussion
Time/Frequency Domain Techniques
In RAN1 #109-e, following agreement was made regarding time and frequency domain network energy saving techniques [1]. The agreement basically provides a list of potential studies that may be conducted further in RAN1.
	Agreement
Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
· potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
· potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
· semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
· support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
· dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
· Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
· UE assistant information facilitating BS time domain adaptation
· Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.

	Agreement
Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
· For operations with single-carrier or within a single CC
· Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
· supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
· Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
· For operation with multi-carrier
· enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
· enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching



For time domain techniques, many of the proposals rely on extending the periodicity of the transmission and reception or being able to temporary or permanently turn off transmission and reception from the gNB. Most notably, the transmission of SSB are typically set to 20 msec, as this is the periodicity that UE assumes when it first tries to perform initial access. For cells that are not expected to be a coverage layer for new UEs entering the network, they can be configured to have SSB periodicity other than 20 msec. This implies in many situations the Pcell of the cell most likely is limited to configuring the SSB periodicity to 20 msec, even though specification does allow SSB periodicity to be configured up to 160 msec.
To better understand, the network energy saving implications for cells that do require to send SSB and system information such as SIB1, or receive PRACH and other initial access messages, we have performed evaluations to compare the relative base station power consumption for cells that have been configured with SSB and PRACH periodicity of 20 msec and SIB1 periodicity of 40 msec and cells that have been configured with SSB, PRACH, and SIB1 periodicity of 160/320/640 msec. It should be noted that the current specification does not support SSB, PRACH, nor SIB1 periodicity to be larger than 160 msec. The details of the power states assumed at the gNB and simulation assumptions are provided in the Appendix.
Figure 1, Figure 2, and Figure 3 show the average time spent on a specific power state for different traffic loading scenarios. In the evaluations SM3 power states can be only utilized by the gNB if there is at least 40 msec of idle slots. If the gNB is transmitting or receiving system critical channels, such as SSB, PRACH, and SIB1, every 20 msec periodicity, then it is completely impossible for the gNB to enter SM3 power states. For all various loading scenarios, it is clear that for gNBs that potentially have multiple power states, where the transition time for various power states are in the ranges of few msec to 100’s of msec, then minimum transmission and reception periodicity of system critical channels play an important role in whether such power states can be utilized by the gNB.
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[bookmark: _Ref111126066]Figure 1. Time distribution of different states of the gNB in high load scenario, (left) with SSB/PRACH/SIB1 periodicity of 160 msec and (right) with SSB/PRACH periodicity of 20msec, SIB1 periodicity of 40msec.
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[bookmark: _Ref111126067]Figure 2. Time distribution of different states of the gNB in medium load scenario, (left) with SSB/PRACH/SIB1 periodicity of 160 msec and (right) with SSB/PRACH periodicity of 20msec, SIB1 periodicity of 40msec.
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[bookmark: _Ref111126069]Figure 3. Time distribution of different states of the gNB in low load scenario, (left) with SSB/PRACH/SIB1 periodicity of 160 msec and (right) with SSB/PRACH periodicity of 20msec, SIB1 periodicity of 40msec.

Figure 4 shows the relative power consumption by the gNB in different traffic loading scenarios. As expected, the in the medium to low loading scenarios, we observe low power consumption by the gNB that configures 160 msec periodicity for SSB/PRACH/SIB1 which is primarily driven by ability to fall into deeper power saving states. To be more precise, we observe only 4% reduction in BS power consumption when changing transmission and reception periodicity of SSB/PRACH/SIB1 from 20/20/40 msec to 160/160/160 msec for high loads. Additionally, we observe 16% and 41% reduction in BS power consumption when changing transmission and reception periodicity of SSB/PRACH/SIB1 from 20/20/40 msec to 160/160/160 msec for medium and high loads, respectively. 
When the SSB/PRACH/SIB1 periodicity are extended beyond what the current specification supports, e.g. 320 msec and 640 msec, we observed diminishing returns of power consumption savings. In fact, after SSB/PRACH/SIB1 periodicity of 160 msec, there were limited gains for gNB power consumption savings. The only exception was when the network was lightly loaded and cells that do not have any active users to support that are able to utilize the lowest power state available, which required longer than 400 msec of idle period to perform the transition into the lowest power state.
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[bookmark: _Ref111126070]Figure 4. gNB power consumption distribution for high (left), medium (middle), and low (right) load scenarios.

In the evaluations above, the main driver for further reduction in power consumption was extending the periodicity of system critical channels and enablement of deeper power saving states. 
Observation 1:
· For gNBs that support deeper power saving modes that require transition time between active and power saving state is between 10’s of msec to 100’s of msec, the ability to extend the periodicity of system critical channel transmission and reception, such as SSB, SIB1, PRACH, etc, are key for obtaining further improvements in power saving.
For reducing the transmission and reception footprint at the gNB, it might be possible to consider changes or adaptation of many channels and signals, given that majority of the power saving gains are only visible in low load scenarios, it might be better for RAN1 to focus the study for basic common channels and signals, such as SSB, SIB1, PRACH, paging, etc. Other channels and signals, such as CSI-RS, group-common PDCCH, SPS PDSCH, PUCCH, CSI reports, SRS, etc., can be already configured by the gNB to have long transmission duty cycles. Furthermore, in lightly loaded scenarios, it is not clear if other channels and signals will be the bottleneck for gNB power saving. The lack of user activity will also mean need for PUCCH, CSI reports, PUSCH, and PDSCH are not as frequent.
Mechanisms to collocate transmission of multiple SSB, SIB1, paging, PRACH, and other potential mission critical signals and channels in a narrow time domain window is likely the most attractive technique to conserve gNB power. We suggest to further investigate mechanisms and proposals  for support gNB to enable bursty transmission and reception of common signals and channels.
Proposal 1:
· Focus the study on potential methods of reducing/adapting transmission/reception of common channels/signals, such as SSB, SIB1, other SI, paging, PRACH, including techniques to constrain the transmission/reception to a relatively small time window.
· Study further on the need to support SSB, SIB1, PRACH transmission/reception periodicity beyond 160 msec, and its potential specification impact.

For time/frequency domain techniques where CA or DC is leveraged by the network to conserve power, it might be possible to further reduce the transmission and reception of common signals. For example, in Scells, it is possible to not have any system information broadcasted, and to also not support paging or PRACH for initial access. This is possible as the Pcell can help carry all essential information including support for IDLE modes. However, it is not typically possible to get rid of SSB transmission for Scells. SSB-less Scell are supported by 5G NR, but only in a specific scenario, which is intra-band CA. In case of intra-band CA, the general signal propagation characteristics between SSB-less cell and SSB-carrying cell are similar. As such pathloss estimates, time-frequency synchronization, and other various measurements for SSB-less cell can generally be derived from the SSB-carrying cells. For inter-band CA scenarios, not only the specification does not support SSB-less cells, but additional specification support that facilitate pathloss estimates, time-frequency synchronization, and others do not exist. Therefore, support for general inter-band CA based SSB-less is expected to require additional discussion.
Proposal 2:
· Study further on the need for supporting SSB-less cell operation with inter-band CA, and its potential specification impact.

Spatial/Power Domain Techniques
In RAN1 #109-e, following agreement was made regarding spatial and power domain network energy saving techniques [1]. The agreement basically provides a list of potential studies that may be conducted further in RAN1.
	Agreement
Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB, including (but not limited to) the following aspects:
· Note: spatial elements may include antenna element(s), TxRU(s) (with sub-array/full-connection), antenna panel(s), TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· impact to UE operations from dynamic adaptation of spatial elements, e.g. measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.,
· feedback/assistance information from the UE required for support dynamic spatial element adaptation
· for example, CSI measurement and reports, SR, etc
· signaling methods, including reduced signaling, for enabling dynamic spatial element adaptation
· for example, group-common L1 signaling, broadcast signaling, MAC CE, etc.
· dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
· dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  
· Joint adaptation of spatial-domain, frequency-domain and/or power-domain configurations to avoid coverage loss
· grouping of UEs to reduce transmission and reception footprint at the gNB; including but not limited to the following
· grouping of users in spatial domain

	Agreement
Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB, including (but not limited to) the following aspects:
· dynamic adjustment of transmission power
· including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
· studying potential UE feedback/assistance information for adjustment of transmission power
· studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
· studying geographical area/user density to adjust the transmission power
· adaptation of gNB transceiver algorithms and processes to improve power efficiency: 
· including techniques aided by UE, e.g., utilizing legacy or enhanced feedback mechanism;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· impact to UE implementation and power consumption should be considered
· tone reservation techniques (to improve PAPR and power efficiency);
· It is noted that tone reservation techniques for UE will be studied in Rel-18 further NR coverage enhancement WI, as indicated in RP-213579



For spatial domain adaptation, we first need to differentiate two spatial domain adaptations. The first type of spatial domain adaptation is enabling or disabling specific reference signal resources corresponding to a beam. This is only feasible if a beam pattern of specific antenna port (AP) is implemented only using antenna elements that are to be disabled. Figure 5 shows one example of the first type of spatial domain adaptation.
[image: ]
[bookmark: _Ref111149756]Figure 5. First type of spatial domain adaptation

The second type of spatial domain adaptation is enabling or disabling some antenna elements that constituted generation of a beam. Disabling some antenna elements would result in changes to the beam pattern for one or more reference signal and channel transmission and reception. Figure 6 shows one example of second type of spatial domain adaptation.
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[bookmark: _Ref111149878]Figure 6. Second type of spatial domain adaptation

Depending on whether the network performs the first or second type of spatial adaptation, there are different consequences. 5G NR generally has implemented support for gNB to reconfigure number of ports or reference signals, which corresponds to the first type of the spatial adaptation. For SSB, the number of SSBs transmitted is broadcasted in SIB1, and it is technical possible to update the number of SSBs somewhat semi-statically. For CSI-RS, it is possible for gNB to perform RRC reconfiguration of the CSI-RS resources, which allow changes to number of ports for each CSI-RS to be changes, as well as number of CSI-RS resources that are configured. For other channels, such as PDSCH and PUSCH, gNB generally has dynamic control over number of layers used for transmission and reception, and gNB can potentially update the number of ports dynamically and transparently from the UE. For CSI-RS, it is possible to configure different sets of CSI-RS resources and CSI feedback for different configured BWPs. gNB could potentially switch between the different set of CSI-RS resources by performing BWP switching, which can be done dynamically through DCI and BWP timers. It should be noted that coupling of BWP switching and adaptation of spatial domain components for network energy saving is not preferred, as this couples different features from Rel-15/16 with features from Rel-18 together.
In general, slow adaptation of the first type of spatial domain adaptation might be something that could be supported by existing specification and no further specification impact is expected. However, in case much faster adaptation is expected to be needed, then additional specification impact to support the fast adaptation is necessary.
For second type of spatial adaptation, where potential beam patterns and beam gains for existing reference signals and channels are changed, the consequences are more difficult to analyze. Slow and small changes to the beam patterns used for reference signal and channel transmission and reception is likely to have little or no impact to system operations. The slow and incremental changes can be viewed as changes to the channel and since NR system is designed to work in mobile environments, where channel can constantly change, the UE should be able to cope with such changes. Larger changes to power and beam patterns can be disruptive as significant changes to transmission beam pattern can cause issues with RRM and RLM measurements, time/frequency synchronization, and CSI reporting.  Therefore, the second type of spatial adaptation could be viewed as a superset of some power domain adaptation. From the UE perspective, changes to beam gain and pattern could be perceived as change to transmission power.
Most notably for the second type of spatial adaptation, any changes to the transmission power for SSB and CSI-RS (which is given as a delta to SSB transmit power) need to be updated so that UEs can make appropriate power control settings. Therefore, the frequency in which the adaptation can be made will be limited by system broadcast frequency and RRC signaling latency.
Observation 2:
· Type of spatial domain adaptation, and the frequency in which the adaptation needs to occur plays an important factor in determination of potential specification impact.
· Number of port changes to CSI-RS reference signals can be performed using RRC reconfiguration.
· Dynamic switching between set of configured CSI-RS reference signals can be performed with BWP switching.
Proposal 3:
· Classify spatial domain adaptation into two categories, type 1 and type 2.
· Type 1 spatial domain adaptation is enabling or disabling specific reference signal resource(s) and/or antenna port(s) corresponding to a beam pattern.
· Type 2 spatial domain adaptation is enabling or disabling some antenna element(s) that constituted a beam pattern. Disabling some antenna element(s) would result in potential changes to the transmission power, transmission/reception beam gain, and transmission/reception beam pattern for one or more reference signal(s) and channel(s).
· Further study the frequency in which spatial domain adaptation (including changes to transmit power of reference signals) needs to occur and how fast the adaptation should be performed in order to benefit from lower power consumption.
· Further study potential specification impact associated with frequent and dynamic spatial domain adaptation (including changes to transmit power of reference signals).
Proposal 4:
· It is not preferred to couple the optional BWP switching functionality from Rel-15 with potentially antenna port adaptation that may be introduced for Rel-18. Newly considered features for Rel-18 should have a separate capability.
One category of power adaptation is changes to signal process flow or algorithms such that it enables lower power consumption at the base station. This adaptation of signal process flow or algorithm may result in changes to demodulation and/or RF performances. In some cases, may result in more able to conform to strict standards defined in previous releases. An illustration of this is shown in Figure 7.
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[bookmark: _Ref100759581]Figure 7. Illustration of adapting signal processing flow or algorithms that allow lower power consumption in the transceiver
One example of adaptation of signal processing flow or algorithms could be disablement of digital pre-distortion (DPD) or change to DPD algorithms. DPD are used at the transmitter to compensate for the non-linearity of the RF components, most notably the power amplifier (PA). This allows to push the radiated output power to higher levels while keeping up with the RF and performance requirements. Some implementations of DPD have large feedback loop bandwidth, in the excess of 3 to 5 times the signal bandwidth and may require heavy computational resources to linearize the overall signal. In certain situations, where it is possible to sacrifice some degradation of RF and demodulation performance, it may be possible to disable or change the DPD algorithms such that the base station consumes less power.
Another example of adaptation of signal processing flow or algorithms could be disabling some receive filters intended to improve overall performance. For example, if interference from cells that are using adjacent channels are known to not exist, it could be possible to relax the adjacent channel signal filtering, or if transmission from the UEs are only using robust modulation schemes and there are limited interference in the environment, relaxed filtering can be performed to linearize the receive process chain. In both examples, not using the additional filtering can reduce the power consumption at the base station.
There could be various methods in which base station can change the transceiver signal processing that could potentially enable lower power consumption. Such adaptation may be optimized further if base station has some awareness of the deployment environment which may be based on feedback from UEs, or direct measurements at the base station. It should be noted that some of these techniques can be potentially implemented without specification change. Because of the potential energy saving without the specification impact, we think it might be good to capture in the TR as a potential solution. 
Proposal 5:
· Capture adaptation of signal processing flow or algorithms to improve network power consumption at the potential sacrifice of RF and/or throughput performances as one of the potential solutions to network energy saving.
· Further study on whether there is any associated specification impact with adaptation of signal processing flow or algorithms.
· Further study the potential power consumption benefits from adaptation of signal processing flow or algorithms.

Other Aspects and Techniques
In RAN1 #109-e, following agreement was made regarding other aspects and techniques for network energy saving [1]. The agreement basically provides a list of potential studies that may be conducted further in RAN1.
	Agreement
Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques
· Some examples of assistance information are, but not limited to:
· preferred SSB configurations,
· indication of semi-static UL channel transmissions,
· indication of UE’s buffer status for UL channel transmissions, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, traffic type, time criticality, and packet size(s), 
· coverage, mobility status, location.
· conditions for triggering the assistance information from the UE



Regarding additional UE assistance information that could be provided to the network, the current 5G application protocol supports identification of various QoS parameters for a session flow which can be mapped to radio bearer. Some of the QoS parameters that can be potentially provided with the flow are Guaranteed Flow Bit Rate (GFBR), Maximum Flow Bit Rate (MFBR), maximum packet loss rate, delay critical resource type information, priority level, packet delay budget, packet error rate, maximum data burst volume, etc.. Therefore, it would be good to clarify if additional QoS related parameters for a traffic flow is needed, and how the traffic flow parameters are utilized for gNB to make decisions to converse power using one or more of time/frequency/spatial/power domains.
Observation 3:
· Current 5G application protocol supports identification of various QoS parameters for a session flow which can be mapped to radio bearer. Some of the QoS parameters that can be potentially provided with the flow are Guaranteed Flow Bit Rate (GFBR), Maximum Flow Bit Rate (MFBR), maximum packet loss rate, delay critical resource type information, priority level, packet delay budget, packet error rate, maximum data burst volume, etc..
Proposal 6:
· Further study QoS related parameters that could be useful for network to perform power saving, including existing 5G application protocol QoS parameters.

Conclusions
In this contribution, we discussed issues related to evaluation methodology for network energy saving SI. The following is a summary of the proposals:
Observation 1:
· For gNBs that support deeper power saving modes that require transition time between active and power saving state is between 10’s of msec to 100’s of msec, the ability to extend the periodicity of system critical channel transmission and reception, such as SSB, SIB1, PRACH, etc, are key for obtaining further improvements in power saving.
Proposal 1:
· Focus the study on potential methods of reducing/adapting transmission/reception of common channels/signals, such as SSB, SIB1, other SI, paging, PRACH, including techniques to constrain the transmission/reception to a relatively small time window.
· Study further on the need to support SSB, SIB1, PRACH transmission/reception periodicity beyond 160 msec, and its potential specification impact.
Proposal 2:
· Study further on the need for supporting SSB-less cell operation with inter-band CA, and its potential specification impact.
· Number of port changes to CSI-RS reference signals can be performed using RRC reconfiguration.
· Dynamic switching between set of configured CSI-RS reference signals can be performed with BWP switching.
Observation 2:
· Type of spatial domain adaptation, and the frequency in which the adaptation needs to occur plays an important factor in determination of potential specification impact.
Proposal 3:
· Classify spatial domain adaptation into two categories, type 1 and type 2.
· Type 1 spatial domain adaptation is enabling or disabling specific reference signal resource(s) and/or antenna port(s) corresponding to a beam pattern.
· Type 2 spatial domain adaptation is enabling or disabling some antenna element(s) that constituted a beam pattern. Disabling some antenna element(s) would result in potential changes to the transmission power, transmission/reception beam gain, and transmission/reception beam pattern for one or more reference signal(s) and channel(s).
· Further study the frequency in which spatial domain adaptation (including changes to transmit power of reference signals) needs to occur and how fast the adaptation should be performed in order to benefit from lower power consumption.
· Further study potential specification impact associated with frequent and dynamic spatial domain adaptation (including changes to transmit power of reference signals).
Proposal 4:
· It is not preferred to couple the optional BWP switching functionality from Rel-15 with potentially antenna port adaptation that may be introduced for Rel-18. Newly considered features for Rel-18 should have a separate capability.
Proposal 5:
· Capture adaptation of signal processing flow or algorithms to improve network power consumption at the potential sacrifice of RF and/or throughput performances as one of the potential solutions to network energy saving.
· Further study on whether there is any associated specification impact with adaptation of signal processing flow or algorithms.
· Further study the potential power consumption benefits from adaptation of signal processing flow or algorithms.
Observation 3:
· Current 5G application protocol supports identification of various QoS parameters for a session flow which can be mapped to radio bearer. Some of the QoS parameters that can be potentially provided with the flow are Guaranteed Flow Bit Rate (GFBR), Maximum Flow Bit Rate (MFBR), maximum packet loss rate, delay critical resource type information, priority level, packet delay budget, packet error rate, maximum data burst volume, etc..
Proposal 6:
· Further study QoS related parameters that could be useful for network to perform power saving, including existing 5G application protocol QoS parameters.
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Appendix – Evaluation Assumptions/Parameters

Table 1. System level simulation assumptions
	Parameter
	Value

	Duplex
	TDD (DDDSU, DDDSU)

	Layout
	Hex Deployment, 2 Tier 57 Cell Deployment

	ISD
	500 m

	System (carrier) BW
	100 MHz

	Number of Carrier
	1

	Number of TRP
	1

	Numerology
	30 kHz

	Total transmit power per TRP
	55 dBm

	Carrier Frequency
	4GHz

	BS Antenna Configuration
	64 TxRu, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
(dH, dV) = (0.5λ, 0.8λ)

	DL Traffic
	FTP3 0.5Mbyte, 200 msec Reading Time

	UL Traffic
	None

	SSB Periodicity
	20 msec, 160 msec

	SIB1 PDSCH Periodicity
	40 msec, 160 msec (occupies at most 96 PRB)

	PRACH Periodicity
	20 msec, 160 msec

	Average number of Users per cell
	0.47, 4,  (used to vary network load)



Table 2. Relative Power Consumption Modeling
	States/Modes and description
	Relative Power Value (per slot)

	SM4
	1

	Transition between SM4 – Active, 200 msec
	2800 (Average of 7 per slot)

	SM3
	10

	Transition between SM3 – Active, 40 msec
	1280 (Average of 16 per slot)

	SM2
	20

	Transition between SM2 – Active, 4 msec
	240 (Average of 30 per slot)

	SM1
	40

	Transition between SM1 – Active, 0 msec
	0

	Active DL
	280*a*b*c + 40

	Active UL
	80*b*c + 40

	BW scaling: a = 0.6 + 0.4*X/100, where X is rounded up nearest occupied bandwidth among 5, 10, 20, 40, 80, 100.

	Time scaling: b = 0.25 for 1 ~ 4 symbol span, 0.5 for 5 ~ 8 symbol span, 1 for 8 ~ 14 symbol span

	Antenna scaling: c = 0.7^(64/N - 1), where N is the number of active antenna ports
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