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A new study item on network energy saving was approved in RAN plenary #94e with the following objectives:
	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 modes 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

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 

The following example scenarios (mapping between scenarios and network loads is left to the study) including single-carrier and multi-carrier deployments are used as the starting point for discussion on prioritized scenarios for the study. 

The following example scenarios are listed in no particular order.
· Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)
· FR2 beam-based scenarios (note: this scenario can also model small cells)
· Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
· EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency

Note 1: 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.
Note 2: the study of energy savings specifically for IAB is not part of the scope.
The study should coordinate with RAN4 as needed.



And in RAN1#109-e meeting, the skeleton of BS power consumption model and some details of the model are discussed. In this contribution, we continue to discuss some FFS issues on framework of BS power consumption model, including the reference configurations, the related impact factors of scaling, and the sleep modes (SM) and the associated transition times. Then, the evaluation methodology and KPIs are discussed aiming to achieve the energy saving gain with acceptable KPI guarantees. In addition, prioritized and typical scenarios and evaluation assumptions are also provided. 
BS power consumption model
In the RAN1#109-e meeting, the agreements have been achieved as shown below.
	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 



For the BS power consumption model, it is agreed the model consists of 3 parts: reference configuration, multiple power states for sleep and non-sleep modes and scaling method for non-sleep modes. In the following of this section, we discuss the power consumption model from these 3 aspects, and also some FFS issues.
2.1 Reference configuration
In the last meeting, the reference configuration is carefully discussed. And only some parameters need to be confirmed in this meeting. The agreement is shown in below.
	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






For FR1 FDD, the total number of DL TxRUs and power level need to be finalized. In our view, 32-TxRU can be confirmed as widely used configuration in previous evaluation. And for total DL power, 3dB gap is considered comparing with 64-TxRU (5W per PA). So, it is recommended to take 52dBm of the total DL power level here. Additionally, for FR1 TDD, the total power 55dBm would be averaged on total 100MHz system bandwidth. And for FR1 FDD, the total power 52dBm can be averaged on total 20MHz system bandwidth.
For FR2, the reference configuration is 2T2R, and the total DL power level need to be finalized. Usually hybrid beamforming structure is adopted for FR2, so the number of antenna elements and PAs in FR2 is much larger than FR1, but the power for each PA is much smaller than FR1. From the implementation perspective, we recommended 34dBm for the DL power. The EIRP considers both DL transmission power and antenna array gain, here we think 63dBm should be typical. In addition, if more TxRUs are used for FR2, e.g., 4T4R or 8T8R, then we propose that linear scaling is applied for FR2 DL power and EIRP w.r.t. actual number of TxRUs. 
Proposal 1: The recommended reference configuration is as follow with EIRP scalable with number of actual TxRUs. 
	
	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
	32
	2

	Total DL power level
	55dBm
	52dBm

	34dBm
EIRP limited to 63dBm

	Total number of UL Rx RUs
	64
	32
	2



2.2 Power state and transition time
In the last meeting, the definition on sleep mode is discussed. And the following agreement is achieved.
	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.


The first issue is about the impact of UL reception or DL transmission on sleep modes. In our view, if BS enters a sleep mode, there is no DL transmission and UL reception. Based on typical implementation, normally it is not possible to enter a sleep mode for single transmission direction, considering that the DL and UL share the components related to the power consumption for the static part and some dynamic part, e.g., some components in the BBL/TRX. 
Proposal 2: A sleep mode is defined as no DL and UL transmission performed from base station, at least in the study of this release.
For the divisions of power states when BS is going to sleep, i.e. certain gNB functions may be off, the content of energy savings and impact of such operation specific to performance is concerned. Therefore, it would largely depend on how long/often it may happen/resume. From the perspective of evaluation, at least 2 sleep modes can be introduced to the BS power consumption model. 
For the first sleep mode, if the BS has no DL to transmit at all for a certain time (e.g., one or several symbols or slots), the dynamic sleep mode (micro sleep mode), can be introduced to at least shut down the dynamic part of the power consumption, including PA, dynamic part of TRX chain and dynamic part of baseband. And this sleep mode can be dynamically switched to the DL active mode for transmission, in order to guarantee the communication performance.
Another sleep mode, e.g., deep sleep mode, could be introduced to shut down the additional static part of the power consumption on top of dynamic part of the power consumption for the dynamic sleep mode. Such a deep sleep mode can achieve further power saving compared to the dynamic sleep mode. For example, the static part of TRX chain is shutdown, and the recovery or transition time to active mode would cost up to minutes level. 
In the last meeting, much finer sleep modes are raised by companies, such as light sleep or hibernating sleep. But the definition of the finer sleep mode is various and highly related to implementation. In our view, the finer split of SM should be further justified about whether they have realistic benefits on BS power saving or distinguish other SMs. Specifically, for hibernating sleep mode, it seems the definition is clear, that BS is almost totally shutdown, such as few UE connected in the late night. And from the simulation perspective, this mode may not have much impact on evaluation and can be considered to capture. 
While for light sleep, the definition seems to be various, such as TRX chain partially shutdown, part of the carrier shutdown or different transition time, depending on BS implementations. From the perspective of power saving gain, it seems introducing a light sleep, millisecond level transition time, could be helpful to evaluate DRX related mechanism. However from BS perspective, since UE C-DRX mechanism has already been used, and BS can flexibly configure the parameters of C-DRX of all connected UEs. Thus it is unclear whether additional energy saving gain can be obtained compared to what can be done today.
Further, introduction of this light SM should have sufficient/useful gap between the commonly preferred micro-sleep and deep-sleep mode in terms of power difference. Our observation is that the additional implementation difference compared with micro sleep mode when BS enter this mode, according to companies view expressed last meeting, is to shutdown some static part of TRX chain or baseband. However, those static part of TRX chain or baseband may not contribute an obvious portion of total BS energy consumptions. Therefore, the difference and the power saving between micro sleep and light sleep may be margin, and there seems no need to introduce this light sleep mode. 
Assuming a macro BS for both FR1 and FR2, the proposed relative power and transition time/energy are shown in table 1 and table 2.
Table 1 BS power consumption model 
	Power state
	Characteristic
	Relative Power
(FR1)
	Relative Power
(FR2)

	[Hibernating sleep]
	BS completely shutdown
	 =1 

	Deep sleep
	Deep sleep with lower power for static part
	 =1.8

	Micro sleep
	Dynamic shutdown with higher power for static part 
	 =2.6

	Active DL
	Transmission with power for dynamic part and higher power for static part
	=23
	=10.8

	Active UL
	Reception with power for dynamic part and higher power for static part
	=6.2
	=5

	Simultaneous DL+UL
	Total power of DL and UL excluding the common static part
	=25.6
	N/A



Table 2 BS power consumption model 
	Power state
	Additional transition energy:
(product of relative power and duration in s)
	Transition time

	[Hibernating sleep]
	48
	Minutes level, e.g. 60s

	Deep sleep
	4
	Second level, e.g. 10s

	Micro sleep
	0
	0*

	*Note: Immediate transition is assumed for network energy saving study purpose from or to a non-sleep state.



Here for transition energy and transition time, the micro sleep can be treated as a dynamic sleep mode, which can recover to active mode instantly, without requiring full power for transmission (as that in active mode), and with nearly no transition energy and transition time. So, for a certain sleep mode, we calculate the transition time and energy from this sleep mode to the micro sleep mode, with accordance of the value given in table 1.
Proposal 3: Introduce one DL active mode, one UL active mode and two sleep modes for modeling the BS power consumption and determine the corresponding values of relative power, transition time/energy for each mode. 
[bookmark: _Hlk102163609]As for idle state, the definition could be very similar to the micro sleep state. That is, BS has no transmission or reception in this state, and can quickly recover and switch to the active state. Thus, there is no need to define an idle state, and the micro sleep mode can be treated as the idle state.
Proposal 4: The dynamic sleep mode, i.e. micro sleep mode can be treated as idle state.
Another issue is whether the scaling method is adopted on sleep mode. This issue was raised in the last meeting and some companies considered how to calculate the power for multi-TRP scenarios. Firstly, we think multi TRP case should be studied after we finish study on single TRP. Secondly, if the power calculation for multi-TRP is needed, the relationship between single TRP and multi TRPs should be considered and clarified. Actually, we recognized that the most typical BS type is the AAU, generally with a large number of TRX chains that lead to main part for the power consumption. Considering that the power consumption of the BBU is much less than that of AAU, we only consider the TRP as the AAU. Therefore, the power consumption can be calculated independently for each TRP, and it is not necessary to do the scaling for sleep modes and multi-TRP scenarios. 
Proposal 5: For multi-TRP scenario, the power consumption is calculated for each TRP.

2.3 Scaling for adaptation
In the last meeting, the method on scaling for active mode is discussed. And the following agreement is achieved.
	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, 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 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
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



As for the scaling in active mode, it is agreed in the last meeting to consider the following parameters, the number of TXRU, RB usage, CC number, TRP number, PSD and symbol usage.
The first issue is, for symbol usage within a slot, the linear scaling for symbols from the total power of slot can be considered. For example, if only 2 symbols in a slot(14os) is occupied, the actual power for these 2 symbols is 1/7 of the power of 14os. Furthermore, if the 2 symbols have different RB occupying or different antenna elements, the power calculation for one of the symbols should be additionally scaled based on the rule of RB scaling or antenna scaling.
Then, in UE power saving, several scaling method and parameters are given for linear scaling on bandwidth, CC, and antenna. However, for BS power saving, since the static part is large and not linearly changing with bandwidth, CC or antenna number, the total power is not accurately modelled with one single scaling value. Besides, the power of PA is largest part in the total power consumption. The PA efficiency is not linear scaled with bandwidth, CC or antenna number either. So the traditional scaling method with UE power saving cannot be applicable to BS for accurate modelling. Thus, to make the scaling value more accurate, a joint scaling method of bandwidth, antenna and PSD should be considered, which is shown as below.
Table 3 Scaling method for BS power consumption model 
	
	FR1
	FR2

	DL
	f (, , ) = 
 = 2.6；  = 7.54； = 6.4
	f (, , ) = 
 = 2.6；  = 0.26； = 3

	UL
	f (, , ) = 
=2.6;  = 3.6
	f (, , ) = 
=2.6;  = 2.4

	DL+UL
	f (, , ) = 
	N/A

	: PA efficiency
: the percentage of active TRX chains 
: the ratio between scheduled RB and total RB
: the scaling factor of transmitting PSD from the default one



Proposal 6: A joint scaling method of bandwidth, antenna and PSD could be considered, to avoid non-linear part like PA and static power.
For the multi carrier case, the calculation method should be different considering the real implementation. The BS can use common RF chain and PA for contiguous CA or non-contiguous CA with neighboring CC frequencies, while the BS should use separate RF chains and PAs for inter-band CA with distanced CC frequencies. Thus, for common/shared PA and RF chain: only  need to be scaled. In multi CC case,  can be more than 100%, while for separate PA and RF chain the sum of each CC power consumption is done.
Proposal 7: Frequency domain including CA: 
· For common/shared PA and RF chain: only  need to be scaled. In multi CC case,  can be more than 100%
· For separate PA and RF chain: sum of single CC power consumption
One more issue is that how to calculate FDD power consumption. Compared with TDD, FDD can simultaneously transmit and receive. And from the perspective of system structure, FDD usually shares the static part. So the power calculation of FDD can be modelled as the addition of the DL-only and UL-only parts with the static part being calculated once.
Proposal 8: Option 1 is preferred, i.e. the power consumption is the total power of DL and UL. Note that the shared part for DL and UL should be calculated only once.

Evaluation methodology
In this section, we discuss the evaluation methodology including the performance metrics, simulation assumptions and the prioritized scenarios. 
3.1 Evaluation metrics and KPIs
In the last meeting, the evaluation metrics and KPI are discussed. And the following agreement is achieved.
	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
· 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).



From the perspective of evaluation, since the duration of simulation time should be long to make the performance stable, the power consumption of one BS should be the total sum of energy divided by the duration of the simulation time, e.g. several seconds.
It is agreed in the last meeting that at least some KPIs can be used to evaluate the power saving gain, such as BS power consumption and UPT. For example, since reducing the power consumption may bring other cost, the performance metrics should also be considered and reported with certain performance guarantee. 
Proposal 9: The energy saving gain is described as relative power, which is normalized by the energy calculation over a time duration (not necessary a slot). In evaluation report, gain with certain average UPT loss should be considered as one joint evaluation KPIs, e.g. gain @ x% UPT loss.

3.2 Evaluation scenarios and assumptions
	Agreement
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.

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
· 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.




The evaluation scenario is briefly discussed, and the agreement is shown as above. Since FR1 is widely deployed, urban macro scenario should be the first priority to study. For FFS on FR2 scenarios, the similar evaluation model or method could be followed and reused as FR1 part. One important issue is that since FR2 is not widely commercially deployed, whether FR2 macro or micro needs further discussion and justification. In our view, macro or urban macro scenario for both FR1 and FR2 should be studied as high priority than other small cell or Het-net scenarios.
Proposal 10: The macro scenario should be studied first for both FR1 and FR2.
Then, in the last meeting, how to consider different BS type is discussed. And the potential proposals are shown as below.
	FL4/FL5 Question 3-2
· In addition to macro cell BS, whether and which other BS do you think is significantly different from macro that needs to be separately considered?
· Option 1: None;
· Option 2: Yes, [e.g.], and the model for other BS can be obtained from  macro cell BS by scaling, therefore no other special modelling needed;
· Option 3: Yes, and special modeling is needed by [which and why]
Proposal 3-2a
Study whether/how to adapt the energy consumption model considering different scenarios/BS types/categorizations/components.



From implementation perspective, generally, small cell BS has similar implementation structure as Macro BS, such as RF/PA, TRX chain, baseband. Therefore for evaluation purpose, small cell may be taken into account with scaled values from those used for macro BS, which is reasonable also considering that the total energy consumption of small cell should be smaller than that of macro BS. Further, given small cell normally is deployed in hotspot with heavy load, the potential to obtain energy savings might not be large. If the power model of the small cell BS is needed, rather than scaling, the critical implementation difference of other BS types that significantly differ the power values is preferred to be justified first.  
Proposal 11: The need for modelling other BS types should be further justified.
In the last meeting, the baseline is discussed. The potential proposal is listed as below.
	Discussion on Baseline definition
· For detailed baseline EVA parameters, can the reference configuration be used or other parameters/assumptions are required? E.g., the following,
· Periodic SSB transmission at each cell, e.g., [20 ms]
· Including periodic RACH resource for initial access and random access procedures
· Periodic system broadcast information at a cell, e.g., [160 ms]
· Including paging transmission 
· Resource allocation and transmission of DL/UL control channels  
· CORESET is located at each slot for UE PDCCH monitoring
· UL control channel resource is allocated for each slot 
· Periodic SR resource allocation
· Baseline for scenario specific system configurations
· MIMO 
· Periodic CSI-RS transmission, e.g., [10 ms]
· Periodic CSI feedback, e.g., [20 ms]
· CA/DC 
· PDCCH and CSI-RS configuration in Scell
FL6 High priority Proposal 7-1
· 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.



The intention to discuss the baseline (evaluation baseline) is to align the result of all companies. In our view, since the SI only have limited timeline, the calibration may not be able to be realized, so it is important to align the basic parameters. For example, the basic BS operation is SSB/SIB transmission, thus the relative parameters, such as period and resource allocation of SSB/SIB, should be aligned. 
Similarly, for the SLS assumptions, several references, like IMT-2020, 38.802, UE power saving, is raised in the last meeting by companies. Either one of these references can be applied, or a new set of SLS assumption parameters that can be reused for this R18 evaluation to have comparable result in the final report. We proposed a reference simulation assumption in Annex A.
Proposal 12: The baseline definition and simulation assumption should be aligned to get the comparable results from companies. Agree on a set of SLS parameters, based on the assumption listed in Annex A.
In the last meeting, typical traffic models are agreed to be evaluated. They are 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. It is concerned that further prioritization is need, since it seems too many traffic models. In our view, all kinds of packet size list above are typical and worth investigating, including big packet (FTP3), middle packet (FTP3 IM) and small packet (VoIP). Especially for middle packet (FTP IM) and small packet (VoIP), since in the SID, it is agreed to focus on the study on idle/empty and low/medium load scenario. 
Proposal 13: All the traffic models, big packet (FTP3), middle packet (FTP3 IM) and small packet (VoIP), are typical and worth studying.
Traffic load definition was also discussed in the last meeting. Typically, the light load in the deployed network should be no more than 30% resource usage, while the heavy load is about 50% resource usage. In table 4 shown below, we think the typical value for light load can be set to 10%~30% for the evaluation purpose. For multi CC case, the load should be the total resource usage among the CCs.
Table 4 load definition 
	Load definition: resource usage by data (UE specific PDSCH / PUSCH).
Note: resource allocation for common signal can be treated as overhead when evaluating UPT/throughput.

	Empty load
	Recommend range: 0%

	Light/medium load
	10%~30%

	Heavy load
	>50%

	For multi CCs, the load should be calculated among the total CCs. Unbalanced load among CCs can be showed in evaluation results


Proposal 14: For evaluation purpose, the load definition can be referred to as table above. 
Conclusions
According to the discussion, following proposals and observations are provided:
Proposal 1: The recommended reference configuration is as follow with EIRP scalable with number of actual TxRUs. 
	
	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
	32
	2

	Total DL power level
	55dBm
	52dBm

	34dBm
EIRP limited to 63dBm

	Total number of UL Rx RUs
	64
	32
	2



Proposal 2: A sleep mode is defined as no DL and UL transmission performed from base station, at least in the study of this release.
Proposal 3: Introduce one DL active mode, one UL active mode and two sleep modes for modeling the BS power consumption and determine the corresponding values of relative power, transition time/energy for each mode. 
Proposal 4: The dynamic sleep mode, i.e. micro sleep mode can be treated as idle state.
Proposal 5: For multi-TRP scenario, the power consumption is calculated for each TRP.
Proposal 6: A joint scaling method of bandwidth, antenna and PSD could be considered, to avoid non-linear part like PA and static power.
Proposal 7: Frequency domain including CA: 
· For common/shared PA and RF chain: only  need to be scaled. In multi CC case,  can be more than 100%
· For separate PA and RF chain: sum of single CC power consumption
Proposal 8: Option 1 is preferred, i.e. the power consumption is the total power of DL and UL. Note that the shared part for DL and UL should be calculated only once.
Proposal 9: The energy saving gain is described as relative power, which is normalized by the energy calculation over a time duration (not necessary a slot). In evaluation report, gain with certain average UPT loss should be considered as one joint evaluation KPIs, e.g. gain @ x% UPT loss.
Proposal 10: The macro scenario should be studied first for both FR1 and FR2.
Proposal 11: The need for modelling other BS types should be further justified.
Proposal 12: The baseline definition and simulation assumption should be aligned to get the comparable results from companies. Agree on a set of SLS parameters, based on the assumption listed in Annex A.
Proposal 13: All the traffic models, big packet (FTP3), middle packet (FTP3 IM) and small packet (VoIP), are typical and worth studying.
[bookmark: _GoBack]Proposal 14: For evaluation purpose, the load definition can be referred to as table above.
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Annex A. The evaluation assumption 
Table A The evaluation assumption for BS power consumption model
	
	Parameters

	Basic parameters
	Channel model
	3D/HF-Uma based on TR 38.901
	3D/HF-Uma based on TR 38.901

	
	Device deployment
	80% indoor, 20% outdoor
	80% indoor, 20% outdoor

	
	Inter-site distance
	500m
	500m

	
	Network Topology
	7*3 Sector
	7*3 Sector

	
	Carrier Frequency
	2.1GHz
	4GHz

	
	Multiple access
	OFDMA
	OFDMA

	
	Duplexing
	FDD
	TDD

	
	Numerology
	15KHz,
14 OFDM symbol slot
	30kHz,
14 OFDM symbol slot

	
	Guard band ratio on simulation bandwidth
	FDD: 6.4% (104RB for 15kHz SCS and 20 MHz BW)
	TDD: 2.08% (272 RB for 30kHz SCS and  100 MHz bandwidth)

	
	Simulation bandwidth
	FDD: 20 MHz
	TDD: 100 MHz

	
	Frame structure
	Full downlink
	DDDSU

	
	UT attachment
	Based on RSRP
	Based on RSRP

	
	Wrapping around method
	Geographical distance based wrapping
	Geographical distance based wrapping

	
	Traffic model
	Burst buffer with load <10%, 30%, 50% 
Packet size: 0.5M, 0.1M
	Burst buffer with load <10%, 30%, 50%
Packet size: 0.5M, 0.1M

	BS parameters
	BS antenna height
	25 m
	25 m

	
	BS noise figure
	5 dB
	5 dB

	
	BS antenna element gain
	8 dBi
	8 dBi

	
	Antenna configuration at TRxP
	For 32T: (M,N,P,Mg,Ng; Mp,Np) = (8,8,2,1,1;2,8)
(dH, dV)=(0.5, 0.8)λ
	For 64T:  (M,N,P,Mg,Ng; Mp,Np) = (12,8,2,1,1;4,8)
(dH, dV)=(0.5, 0.8)λ;

	UE parameters
	UE power class
	23dBm
	23dBm

	
	UE noise figure
	9 dB
	7 dB

	
	UE antenna element gain
	0 dBi
	0 dBi

	
	UE antenna height
	Outdoor UEs: 1.5 m; Indoor Uts: 1.5m or consider floor height
	Outdoor UEs: 1.5 m; Indoor Uts: 1.5m or consider floor height

	
	Antenna configuration at UE
	For 4R: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ
	For 4R: (M,N,P,Mg,Ng; Mp,Np)= (1,2,2,1,1; 1,2)
(dH, dV)=(0.5, N/A)λ

	Transmission parameters
	Modulation
	Up to 256 QAM
	Up to 256 QAM

	
	Transmission scheme
	SU-MIMO 
	SU-MIMO 

	
	SU dimension
	For 4Rx: Up to 4 layers
	For 4Rx: Up to 4 layers

	
	DL CSI measurement
	Non-precoded CSI-RS  based
	Precoded CSI-RS based

	
	DL codebook
	Type I/II codebook
	non-PMI transmission

	
	SRS transmission
	N/A
	For UE 4 Tx ports: Non-precoded SRS

	
	CSI feedback
	PMI, CQI, RI: every 5 slot; 
Subband based 
	CQI, RI: every 5 slot; Subband based 

	
	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	
	Scheduling
	PF
	PF

	
	Receiver
	MMSE-IRC
	MMSE-IRC

	
	Channel estimation
	Non-ideal
	Non-ideal

	Common RS
	SSB/SIB1 period
	20ms
	20ms

	
	SSB time resource
	Slot#0~slot#3, 2 SSB per slot
4 symbols for each SSB
	Slot#0, slot#1, 2 SSB per slot
4 symbols for each SSB

	
	SSB frequency resource
	20RB
	20RB

	
	SIB1 time resource
	slot#10 ~ slot#17
	slot#10 ~ slot#13

	
	SIB1 frequency resource
	40RB
	40RB



(M, N, P, Mg, Ng; Mp, Np)
- M: Number of vertical antenna elements within a panel, on one polarization
- N: Number of horizontal antenna elements within a panel, on one polarization
- P: Number of polarizations
- Mg: Number of panels in a column;
- Ng: Number of panels in a row;
- Mp: Number of vertical TXRUs within a panel, on one polarization
- Np: Number of horizontal TXRUs within a panel, on one polarization
