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1. Introduction
Study of FS_EnergySys contains the potential aspects of exposing, policy control and 5GS procedure enhancement (e.g., for analytics, NF selection) for energy saving. Among those targets, one common issue to be addressed is whether and how we obtain the energy consumption information for a certain granularity (e.g., UE level energy consumption within PLMN). 
To this end, we started the work from analyzing the feasibility on "RAN node estimating UE level energy consumption information". However, we found it was not likely that the RAN node could obtain such information in the desired accuracy (see clause 2.1). Then we considered another way around that making use of the averaging-based mechanism as mentioned in clause 2.2, and it seemed that the solutions along this line can achieve similar result with little system impact.  
2. Discussion on energy evaluation for RAN node
[bookmark: _Toc22192650][bookmark: _Toc23402388][bookmark: _Toc23402418][bookmark: _Toc26386423][bookmark: _Toc26431229][bookmark: _Toc30694627][bookmark: _Toc43906649][bookmark: _Toc43906765][bookmark: _Toc44311891][bookmark: _Toc50536533][bookmark: _Toc54930305][bookmark: _Toc54968110][bookmark: _Toc57236432][bookmark: _Toc57236595][bookmark: _Toc57530236][bookmark: _Toc57532437][bookmark: _Toc148441675][bookmark: _Toc151439799]2.1	Estimating energy consumption 
RAN WGs started the work on network energy saving in Rel-18, and the energy consumption model for BS can be found in TR 38.864 [1]. This model comprises DL and UL part. For discussion purpose, we investigate feasibility of the BS power consumption per UE level regarding active DL transmission, as documented in TR 38.864 [1] as follows:

where  is a static part of power for BS in active, and  is a dynamic part of power for BS in active.
The following factors contribute the dynamic part :

where ,, is the fraction of active TRxRUs, the ratio between the RF bandwidth and the maximum system BW, and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively. And the methods of calculating the antenna part, , and power amplifier part, , are evaluated as follows:

More details including definition of parameters/variables about the formula can be found in section 5.1, TR 38.864 [1]. 
Note that this is the model of evaluating RAN node level energy consumption for the active DL transmission. When it comes to a finer granularity (e.g., UE-level energy consumption at the RAN node), there are several issues that cannot be efficiently dealt with, and therefore, makes it very unlikely for the RAN node to have a correct evaluation.
-	The very first reason that RAN has adopted this model for evaluation, instead of modeling the BS energy consumed per physical channel is because the latter might be linked to a UE-level calculation if adopted, but was not deemed feasible at RAN1.
Secondly, there is no determined relationship between the UE and the energy consumption of the dynamic part. Take the antenna factor (i.e., ) as an example, for a certain channel, it could be either used by a single or multiple UEs, but the energy consumption for that channel at the RAN node might be the same. Furthermore, there could be different number of UEs multiplexed with the same/different total number of antennas, due to different UE channel conditions and traffic requirement, up to gNB scheduling. This is particularly true given the wide implementation of multi-user MIMO in NR. Therefore, the NG-RAN node cannot figure out the right amount of energy used by that UE. Similarly, in frequency domain, when comes to BW including carriers, from gNB perspective, a system BW is OFDMed by multiple UEs, and different UEs could be assigned/configured with different carriers, and it is not possible to have the accurate calculation regarding UE. It is further noted that the  is already a joint factor considered at BS side, which just adds weight to the argument for the infeasibility of differentiating users for a given DL transmission. 
There is also a static part of power consumption, denoted as .  Note that the power consumption of cell level transmission may also be included in this part and such static part may still be needed as long as the serving part (software or hardware) is active, not that this might be entirely based on the software/hardware design, and it is impossible for the gNB itself to evaluate a desired power consumption. Note that the static part of power consumption may not be constant, it may include many factors and they may or may not corelative with usage. 
In addition, there will be an other issues for the RAN to calculate the energy consumption for the UE: The RAN node may figure out different energy consumption values for the UE under different load (or same load but # serving UEs), even if the channel condition and actual data volumes for the UE are not changed. It would be very unusual to have that result, since it is not the UE itself that contributes to a potential costly energy consumption at the RAN node. 
-	Besides, the module of evaluating energy consumption at the RAN node, and the module of signaling/data transmission are not usually in the same field. The former is rather a network management term that usually under the remit of network management (i.e., by SA5), while the latter are supposed to be addressed by SA2. Mixing them up violates the design principle, and is just another rationale to make RAN node evaluation more unpersuasive. 
For the uplink part, it also includes the antenna factor as DL (i.e., ), which has the similar problems (e.g., no determined relationship between the UE and the energy consumption) as mentioned above. 
Furthermore, just for indication, the baseband unit have a consumption of the order of magnitude of thusandsW, depending by the capacity, while the RRU is on the order or hundredsW depending by the frequency bands, the capacity, etc. Therefore the dynamic part directly related to the Transmitted power is of the order of mW per PRB. 
Therefore, considering the above-mentioned issues, it is not possible for RAN node to obtain the accurate energy consumed for a certain UE at the RAN node. 
Observation 1: There are several factors that contribute the energy consumption at the RAN node for a UE independent from the UE’s behavior, and those factors are correlated and it is not likely to separate the energy consumption of a single UE. 
Observation 2: There is no feasible way of RAN node estimating an accurate energy consumed for a certain UE. 

2.2	Considerations on how evaluate the energy consumption per UE for gNB and the scope 
2.2.1	General consideration
Another key point to be considered is the relationship between why the Energy Consumption (EC) per UE is evaluated and how it can be evaluated.
The EC per UE, per SA1 requirement, is used to introduce a credit control related to the EC to make the user aware of its contribution to the consumption. First of all, we need to consider the fairness and which actions the customer can take to the reduction of EC, if he/she wishes.
2.2.2	High level considerations on evaluation per UE at gNB
Let’s consider 2 users which have their own house in 2 different locations (or they are at work or any other condition). The operator has deployed a RAN coverage based on a given set of assumptions, therefore UE1 (not for his/her choice) is closed to the gNB while UE2 (not for his/her choice) is closed to the cell edge. The UE1 has better coverage, therefore depending by conditions the UE may be served by a given numbers of PRBs in order to receive the required volume of traffic, while UE2 requires a higher number of PRBs to receive the same volume of traffic. Making an over simplification if the energy transmitted for DL per PRB is roughly the same for the two UEs, therefore the UE2 consumes more energy to get the same volume of traffic. In addition, as shown in simulation below, if the UE is not alone he has to share the resources, the radio condition also change, etc and this case an increases of EC due to an increase of resources.  
If we consider the static contribution of EC, the dominant factor is the time for evaluating the EC regarding static contribution (and as analysed in clause 2.1 it is not even possible to evaluate UE contributor to the static factor). for example if the static EC of a gNB is 1 W×sec, if UE1 receives the volume in 1 sec, the static contribution to EC is 1 W, while if UE2 requires for the same volume 5 seconds, then the static contribution is 5W. Hence generally speaking the UE2 has higher contribution of EC of gNB to have the same service of UE1 which is closer. The question is what can do the UE?
The UE2 is not responsible of the RAN coverage, he/she already has a worst experience due to an average a lower bit rate in respect the UE1, then it has also high EC and nothing is due to its fault, but due to PLMN coverage decision. Even if we can get the oracle to precisely evaluate EC per UE (let’s assume that what is stated in clause 2.1 is not applicable) we have a lack of fairness and the UE has only 2 actions to be take, decide to not have any service or change to a PLMN with better coverage. Furthermore, for the 99.99% of customer it will be impossible to verify the operator declarations of EC, while the bit rate is easy to be measured also on UE side while the EC of the PLMN not. If UE1 and UE2 are friends and compare the results which can their considerations be? 
Therefore, we may need to have second thought about mixing up the non-UE factors when considering the evaluation per UE at gNB.
Observation 3: When evaluating per UE at gNB, it is not proper to consider the factors not related to UE behaviour.
2.2.3	Example A of evaluation of EC per UEs with PRBs considerations	Comment by Huawei: Marco: I would like to “weaken” the observation since we are not using the standardized (or one that gets the consensus) environment. Therefore, we’d better not use the simulation to “derive” something. Otherwise, it may backfire our actual proposal.
In this clause we consider a simple example which allows to make considerations on RAN behaviour. Let consider 2 UEs:
· UE1 is located in bad channel condition (e.g. at cell edge or in indoor conditions) and it receives PRB with MCS Index=2 (see table 5.1.3.1 TS 38.214)
· UE2 is located in good channel conditions and it receives PRB with MCS Index=23 (see table 5.1.3.1 TS 38.214). 
· Let assume that both UE1 and UE2 get always the PRB with the same MCS index
For simplicity the tools available on https://5g-tools.com/5g-nr-throughput-calculator/  based on the 3GPP TS 38.306 standard and https://5g-tools.com/5g-nr-tbs-transport-block-size-calculator/ based on 3GPP 38.214 chapter 5.1.3.2 are used.  The list of inputs are reported in the Annex A.
Under that condition the maximum available of PRBs is 106 and the maximum available bit rate is for UE1 8.247 Mbps and for UE2 92.171 Mbps.
For the example consider the scenario where the 2 users are watching a video with the following characteristics: 
· HD (720p) > 3 Mbps
· Full HD (1080p) > 5 Mbps
· UHD (4K) > 15 Mbps
NOTE: 	the above values are those a real video services provided by a one of the most common platforms which is not named, since the scope is to refer to a realistic value case and not to perform any validation of a specific service. 
The UE1 is in bad channel condition, therefore is getting a bit rate just above the minimum, for the considered configuration the UE1 receives 30 PRBs at MCS index=2 corresponding to 3.824 Mbps.
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The UE2 is good channel condition, therefore depending by the assigned PRBs with MCS Index=23, the following scenario may occur
A. PRB=30, resulting in 36.896 Mbps
B. PRB=15, resulting in 17.928 Mbps
C. PRB=3, resulting in 3.624 Mbps
Which is the Energy Consumption for the 2 UEs?
Here we are assuming only the downlink traffic and in the example the contribution of UL is not considered. The transmitted power per PRB is constant (we assumed that no energy saving mechanism are used) , therefore the EC is directly proportional to the number of received PRBs, hence
· Energy Consumption per UE1 is EC=30*Ptx
· Energy Consumption per UE2 is
A.  EC=30*Ptx
B. EC=15*Ptx
C. EC=3*Ptx
The figure 2.2.2-1 show the EC normalized in number of Ptx for different. 
The number can be transformed in EC in Joule assuming a given transmission power per PRB, for example assuming a Ptx=3 dBm (0.002W) the resulting EC in a 15 Minutes measurement period is the following:
· UE1 for 30 PRB in 1 TTI (1 msec) --> 3.824 Mbps  --> EC=54 kJ
· UE2 for 
A. 30 PRB in 1 TTI (1 msec) --> --> 36.896 Mbps  -->  EC=54 kJ
B. 15 PRB in 1 TTI (1 msec) --> --> 17.928 Mbps  -->  EC=27 kJ
C. 3 PRB in 1 TTI (1 msec) --> --> 3.624 Mbps  -->  EC=5.4 kJ
For this example the following conclusions can be taken
· The above consideration take into account only the dynamic part and those related to consumption of RRU part.
· The UE consumption is proportional to the number of received PRBs
· UE1 consumes 10 times more than UE2 in order to receives the same service, i.e. bit rate
· UE2 can receive a better service, i.e. better bit rate, with less power consumptions (e.g. with 15 PRBs)
· The reduction of EC for a UE may case the interruption of the service. For example, in order to reduce UE1 energy consumption the number of assigned PBRs may be reduced, i.e. the bandwidth is reduced. With the assumption of this example to reduce the PRBs to 25 per TTI will reduce the EC in 15 min to 45 kJoules, but the resulting bitrate is 2,728 Mbps, which stop the vide service (in this example traffic reduction 28% corresponds to energy reduction of 16%)
· if the bitrate of the UE2 is reduced of 28% to 12,908 Mbps (i.e to 10 PRB) the EC in 15 min is reduced to 18 kJ from 27kJ equal to 33% energy consumption reduction, without impacting the service.
· The Efficiency calculated per PRB on calculate per TTI is not the same since per TTI the mix pf PRB assigned to a UE can be quite different. Furthermore, the efficiency in a period of time corresponding to several sec/minutes corresponds to the effective traffic demand of the UE and the traffic that has been granted. Therefore, the efficiency as b per Joule evaluated on a single PRB or on a single TTI or at a bigger measurement period does not corresponds to the same value. 
· The reduction of Energy consumption to UE in better conditions, may reduce the overall EC, but without service degradation. Therefore, the energy credit control can be beneficial for UE not in worst condition, which may reduce their consumption reducing the bit rate without loosing the services, while for UE in bad channel condition the result effect can negatively impact the service provided.
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Figure 2.2.2‑1: EC per Ptx in function of number of received PRB for different measurement intervals.
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Figure 2.2.2‑3: EC in J in function of number of received PRB for different measurement intervals.


[bookmark: _Hlk158986776]Observation 4: The energy consumption of UE related to the dynamic part of gNB EC is proportional to the number of received PRBs. 
Note : the calculations consider only the contribution on PDCCH and PDSCH and not of PUSH, Broadcast, etc does not considered, as well possible other power controls (such as adjustment for avoid saturation or busting for UEs at cell edge)
Observation 5: For UE in bad channel condition the energy consumption control would result on reducing its bandwidth with negative impact to the service provided. 

2.2.4	Example B of evaluation of EC per UEs when the number of UEs changes
Above we have just presented some high-level considerations, and consideration when we assume that a specific Index modulation is assigned to the PRBs for a given UE.
In this clause we would like to present some numerical examples based on simulation of very simple cases where we consider the effect of interference when multiple UEs are present, therefore the Modulation Index used is assigned to provide an effect of the 5G system which to us in SA2 it is not evident. We present the simulation of the calculation of the EC of UEs in 4 simple scenarios described below. The essence is to precise numerical example, but to show a trend and a relationship which allow to make some evaluation based on numbers.
NOTE:	The simulation is an example used for demonstrating the relationship among the number of UEs, locations, and the energy consumption. This is not intended to provide and request a standardisation.
[bookmark: _CRTable6_4_21]Table 2.2.3-1: Scenarios in the simulation.
	Scenario#
	# of UE per cell
	distance from the base station of the cell
	Distance from UEs

	1
	1
	200m
	N/A

	2
	1
	400m
	N/A

	3
	2
	200m
	20m

	4
	2
	400m
	20m


We assumed the following configurations:
-	The model for the dynamic part of BS power consumption as described in clause 2.1;
-	The static contribution is NOT considered;
-	19 tri-sectorial BSs with hexagonal layout, i.e., 57 cells, operating at 3.5GHz, 32 TRxRUs, Intersite distance of 500 m
-	in each sector the position of the UE is random and the distance is defined according the distance defined in the table. It is assumed that the same scenario is repeated in all 57 cells.
-	Each cell transmits over 20 MHz with a transmit power of 46 dBm, full frequency reuse, round robin scheduler, and digital precoder
-	Both inter- and intra-cell interferences are considered
-	target bitrate of 800 Mbps per UE.
-	The results are evaluated averaging the result for each cells (i.e. considering different conditions specific for each cell) 
The results are shown in figure 1 where:
-	EC for UE1 at 200 m is 4.7 J;
-	EC for UE2 at 400 m is 7.2 J;
-	EC for UE1 & UE2 at 200 m is 7.9 J;
-	EC for UE3 and UE4 at 400 m is 12.7 J;
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[bookmark: _CRFigure4_11][bookmark: _Hlk155955161][bookmark: _Ref155882274]Figure 2.2.3‑1: BS energy consumption per UE in the considered scenarios.
Figure 2.2.3‑1 unveils two key results: 
-	Due to the largest distance from the serving cell, the BS energy consumption per UE in the first scenario (200 m) is 50% smaller than the one observed in the second scenario (400 m);
-	In the presence of an additional UE, the BS shares transmission resources with the serving UEs, which leads to non-negligible intra-cell interference, i.e., a larger number of PRBs is required by each UE to meet the target data volume. Accordingly, in the third scenario (200 m) the UE power consumption increases of 66% with respect to the scenario with a single UE (first scenario), and in the fourth scenario (400 m) the UE power consumption increases of 60% with respect to the scenario with a single UE at 400 m (second scenario).
-	The effect of EC due to a UE depends by the other UEs present in the cell, where they are and which traffic they are performing, as the case of 1 UE or 2 UEs at the same location at the same time. The customer cannot control what the other customers are doing and where they are in respect the cell site, but this influences the EC contribution of the each of the UEs. 
NOTE: the numerical results depends by the simulation conditions, the importance is not whether the number is 4.7 or 5.2 or 4, but the effects of having 1 or 2 UEs on the EC of single UE.
Observation 6: The simulation result discloses that there is no determined relationship between the UE and the energy consumption of the dynamic part in gNB under the same data volume condition for the UE due to the presence of others UE., which also aligns the observation in clause 2.1..
Observation 7: The effect of EC due to a UE may depend by the other UEs present in the cell, where they are and which traffic they are performing, this influences the EC contribution of the UEs but cannot be controlled by the UE.
2.2.5	Evaluation based on averaging per gNB 
The above clauses reveal that it is not very likely to require the gNB to measure the accurate/desirable energy consumption information, while this clause is trying to provide an example solution that fulfils the requirement.
One alternative for example is to consider an average approach based on the following available information:
-	Total Energy consumption per gNB in measurement period collected by OAM;
NOTE:	Total Energy consumption is provided to OAM via PEE or measured by gNB (cf. clause 5.1.1.19.3 of 3GPP TS 28.552 [2]): This measurement provides the energy consumed (in kilowatt-hours) by the subject gNB.
-	Total data volume of the gNB which corresponds to the data volume measured at UPF for the GTP tunnel via N3;
-	Served Data volume per UE of the gNB which corresponds to the data Volume measured at UPF for the GTP tunnel related to the specific UE via N3. Note that this information is already collected for charging purposes.
For example, one simpler formula can be

The formula applies to the simulation result in clause 2.2.2 for the following scenarios:
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	a)
	b)


Figure 2.2.4-1. example of transmission in interval of time T.
-	scenario of 2 UEs, where we assume that over an internal of Time T, for half of time only UE1 receives data and for other only UE2 as in figure 2.2.3-1 a). 
The Total ECgNB = 11.9 J, the total traffic is 1600 Mbit during T, therefore if we assume the same traffic in the example the EC for UE2 is the same estimated value, then

-	scenario of 4 UEs, where we assume that over an internal of Time T, for half of time only UE1 and UE2 receives data and for other only UE3 and UE4 as in figure 2.2.3-1 b). The Total ECgNB = 41.2 J, the total traffic is 3200 Mbit during T. then


This is only one possible example of how the network estimates the energy consumption at the gNB for a certain UE. 
The estimation done based on the pro-quota based on data volume average the EC among all the UEs, which consequently will have assigned a value proportional to the data volume (in the example the same) and therefore the 2 UEs close by and far from the cell site will be similar regarding the EC for the same service.
From the point of view of the UE, if they compare the results a fairness is provided among them irrespectively from the distance form the cell site which is not a customer decision, and for which the customer cannot take any decision for changing its position, while it can act to reduce the data volume which will produce a reduction of EC contribution.
We can further compare the result of Figure 2.2.3-1 with the one of Figure 2.2.2‑1. If we check the number of these simple example in case of 2 UEs, for UE1 the estimation is 5.95 J instead of 4.7 J and for UE2 is 5.95 J instead of 7.2, therefore is overestimated for UE1 of 26% and underestimated for UE2 of 17%. In the case of 4 UEs, for the UE closest to the cell site the estimation is 10.3 J instead of 7.9 J (over estimated 30%) of and for UE3 and UE4 10.3 J instead of 12.7 J (underestimated of 19%). These number in percentage seems too different, but we must take into account that the static part is not counted, if we assumed to have more UE with random traffic the distribution will be different and therefore also the overestimation and underestimation will be differently distributed for the different UE. It shall also be noted that due to UE moving in the cell a UE it will have different condition in different cell and time, so in a longer period this also smooth the difference. Note that if the scope is the Credit Control the evaluation will be the charging period, i.e., 1 Months.
The key point is that the average as any average smooth the behavior and the smoothing depends by time distribution of UE, time distribution of traffic and by the evaluation period. 
Observation 8: As an example, to estimate the per UE EC at gNB, one can consider an average approach based on 1) Total Energy consumption per gNB, 2) Total data volume of the gNB and 3) Served Data volume per UE of the gNB.



3. Assumption on direct EC evaluation by a NF
In several of the proposed solution it is assumed that a CN NF can determine by its own the Energy Consumption. In this paper we would like to clarify some key aspects no Energy consumption measurements. SA5 specification in TS 28-series, as also reported in Annex A, refer to the ESTI TS describing that the EC can be determined according to the type of measurements:
-	Type 1: Built-in measurements inside ICT equipment down-stream from power interface A (or A3).
-	Type 2: External measurement at input junction box measurements up-stream from power interface A (or A3).
-	Type 3: Power frame measurement at output of power supply system.
It shall be noted that currently SA5 specification does not support type 3 measurements, furthermore for type 2 measurement the communication of measured information from sensors is specified to interface to management system, therefore the SA2 CN cannot obtained such information. Figure 3-1 and 3-2 demonstrate the type 1 and 2 measurement, respectively. 
Observation 9: a physical node is able to determined its own EC only if it supports built-in measurement (type 1). 
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Figure 3-1: type 2 measurement
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Figure 3-2: type 3 measurement
In case of virtual implementation, there is an additional aspect to be considered, that the more than 1 NF can be hosted on the same server, therefore the EC measured is those of the hosting server. Therefore TS 28.554 define metrics to derive the estimation of the Energy Consumption of the Virtual NF process running on the hosting server, based on metrics collected from ETSI MANO.
The EC related to a NF is provided by OAM directly to the NF which makes use for evaluation of Energy related information, depending by the solution, or may be provided to the NF itself, which will forward the value to the network function which will make usage. The 2 approaches have their pro & cons which depends whether the Energy related information are used in a centralize architecture, i.e., with a specific network function or in a distributed approach, where different NF makes use of such information for the evaluation. Furthermore, how this information is provided by OAM needs to be considered, i.e., if it is received via Management interface or whether a new SBI in defined between CN and management system is defined. This aspect needs to be discussed and verified with SA5.	Comment by Huawei: Observation 10 is same as 11?
Observation 10: A NF deployed as Virtual NF process running on a hosting server cannot determine its own EC.

4. Conclusion and proposal(s)
4.1 Summary for RAN level measurement
In summary, 
Observation 1: There are several factors that contribute the energy consumption at the RAN node for a UE independent from the UE’s behavior, and those factors are correlated and it is not likely to separate the energy consumption of a single UE. 

Observation 2: There is no feasible way of RAN node estimating an accurate energy consumed for a certain UE.

Observation 3: When evaluating per UE at gNB, it is not proper to consider the factors not related to UE behaviour.

Observation 4: The energy consumption of UE related to the dynamic part of gNB EC is proportional to the number of received PRBs. 
Note : the calculations consider only the contribution on PDCCH and PDSCH and not of PUSH, Broadcast, etc does not considered, as well possible other power controls (such as adjustment for avoid saturation or busting for UEs at cell edge)
Observation 5: For UE in bad channel condition the energy consumption control would result on reducing its bandwidth with negative impact to the service provided. 


Observation 6: It discloses that there is no determined relationship between the UE and the energy consumption of the dynamic part in gNB under the same data volume condition for the UE due to the presence of others UE., which also aligns the observation in clause 2.1.
Observation 7: The effect of EC due to a UE may depend by the other UEs present in the cell, where they are and which traffic they are performing, this influences the EC contribution of the UEs but cannot be controlled by the UE.
Observation 8: As an example, to estimate the per UE EC at gNB, one can consider an average approach based on 1) Total Energy consumption per gNB, 2) Total data volume of the gNB and 3) Served Data volume per UE of the gNB.
The conclusion from the above considerations are:
Proposal 1: It is suggested to not pursue any techniques of RAN node reporting energy consumption for a specific UE, given given the above observations . 
Proposal 2: It is suggested to consider the average-based mechanisms (e.g., the one in clause 2.2.3), which smooth the differences between UEs in the same cell making the effect fairer and more comparable between different UEs.
Proposal 3: Clarify the above-mentioned aspects in clause 1.1 of TS 23.700-66 [3].
4.2 Summary for direct measurement in CN NF
Observation 9: a physical node is able to determined its own EC only if it supports built-in measurement (type 1). 
Observation 10: A NF deployed as Virtual NF process running on a hosting server cannot determine its own EC. 
It can be concluded that:	Comment by Huawei: 10 and 11 are the same?
· The EC for NF is provided by OAM
· Whether the EC is provided to a CN NF making use of such information, e.g. NDWAF, EE NF or to each NFs (e.g. UPF, AMF, SMF, …)  which provided back to centralized NF will be considered by its solution. 
· Whether and how EC is provided by OAM required to be coordinated with SA5.

[bookmark: _Toc517082226]* * * * First change * * * *


[bookmark: _Toc148441666][bookmark: _Toc151529357][bookmark: _Toc157674301][bookmark: _Toc157682222]4	Architectural Assumptions and Requirements
Editor's note:	This clause will document the Architectural Assumptions and Requirements applicable for the study.
The architecture for the present study shall be based on the existing 5G System architecture.
Solutions shall comply with the 5G System architectural principles in TS 23.501 [2].
NOTE 1:	Coordination with RAN WGs is required for potential enhancements impacting the NG-RAN.
NOTE 2:	The study will consider the related work done by SA WG5 and reuse it when possible.
NOTE 3:	Security aspects are to be addressed in SA WG3.
[bookmark: _Toc148441667][bookmark: _Toc151529358][bookmark: _Toc157674302][bookmark: _Toc157682223]4.1	Architectural Assumptions
The architectural assumptions in the following are considered during the study:
-	The energy-related information which is available from OAM specifications is documented in Annex A.
-	The energy consumption per UE, PDU session and QoS flow due to gNB is performed as an estimation and not directly measured by gNB 
-	The energy consumptions for UPF and CN NF (e.g. AMF, SMF,..) are provided by OAM
NOTE: How and to which NF(s) the information is provided by OAM is describe by each solution. These aspects require further coordination with SA5

[bookmark: _Toc148441668][bookmark: _Toc151529359][bookmark: _Toc157674303][bookmark: _Toc157682224]4.2	Architectural Requirements


* * * end of changes change * * * *

5. Annex A 
This annex shows the input data used for the evaluation in clause 2.2.2.

The following tools has been used
· https://5g-tools.com/5g-nr-throughput-calculator/  
· https://5g-tools.com/5g-nr-tbs-transport-block-size-calculator/


Table Annex A.1-1: Input for the evaluation in clause 2.2.2.

	Input Data:
	UE1
	UE2

	Direction of data transfer: 
	 DL (downlink)
	

	Mode: 
	 TDD (time division duplex)
	

	J - number of aggregated component carriers, maximum number (3GPP 38.802): 16: 
	1
	1

	v(j)Layers - maximum number of  MIMO layers , 3GPP 38.802: maximum 8 in DL, maximum 4 in UL: 
	2
	2

	Use MU-MIMO Beamformingor Massive MIMO capacity Gain: 
	 No
	 No

	Mode of Modulation and Code Rate: 
	 Auto (3GPP 38.214)
	 Auto (3GPP 38.214)

	Enter the MCS index: 
	2
	23

	Select a 5G NR table from 38.214 (depends on DCI, C-RNTI, etc) : 
	 38.214-Table 5.1.3.1-1
	 38.214-Table 5.1.3.1-1

	Q(j)m modulation order (3GPP 38.804, 38.214): 
	2
	6

	For UL and DL Q(j)m is same (QPSK-2, 16QAM-4, 64QAM-6, 256QAM-8, 1024QAM-10): 
	 QPSK
	 64QAM

	Target code Rate R x [1024]: 
	193
	719

	Rmax, Value depends on the type of codingfrom 3GPP 38.214 (Target code Rate R / 1024 ): 
	 0.1884765625
	 0.7021484375

	f(j) Scaling factor (3GPP  38.306): 
	1
	1

	BW(j)- band Bandwidth, MHz (3GPP 38.104), should be selected with Frequency Range and Âµ(i) configuration:: 	Comment by Huawei: Marco: there are some mistaken codes.
	 BW:20MHz  FR1 Âµ:15kHz:
	 BW:20MHz  FR1 Âµ:15kHz:

	Overhead OH(j) for control channels Mode: 
	 Auto 3GPP 38.306
	 Auto 3GPP 38.306

	Only for TDD
	
	

	Mode of Symbols allocation:: 
	 Automatic (3GPP 38.213 Table 11.1.1-1 data)
	 Automatic (3GPP 38.213 Table 11.1.1-1 data)

	TDD Slot formats configuration3GPP 38.213 Table 11.1.1-1: 
	 Format:32: DDDDDDDDDDFFUU
	 Format:32: DDDDDDDDDDFFUU

	Use Flexible Symbol for Data (3GPP 38.213 Table 11.1.1-1): 
	 No (use gap symbol))
	 No (use gap symbol))

	Part of the Slots allocated for DL in TDD mode, where 1 = 100% of Slots (3GPP 38.213): 
	 0.7142857142857143
	 0.7142857142857143

	
	
	

	Intermediate calculations: 
	
	

	FR(j) Frequency Range 3GPP 38.104: FR1 (450 MHz â€“ 6000 MHz) Ð¸ FR2 (24250 MHz â€“ 52600 MHz): 
	 FR1
	 FR1

	Âµ(j) -value of carrier configuration  (3GPP 38.211): 
	1
	0

	For DL and UL Âµ(j) is same (Âµ(0)=15kHz, Âµ(1)=30kHz, Âµ(2)=60kHz, Âµ(3)=120kHz): 
	 15kHz
	 15kHz

	NbwPRB(j),Î¼ -maximum number of PRB (3GPP 38.104) for selected  BW(j), FR(j), Âµ(j). : 
	106
	106

	OH(j) -overhead for control channels (3GPP 38.306): 
	 0.14
	 0.14

	TÎ¼s(j) = (10^-3)/(14*2^Î¼) â€“ average OFDM symbol duration in a subframe for Î¼(i) value for normal cyclic prefix: 
	 0.00003571428571428572
	 0.00007142857142857143



3GPP
SA WG2 TD

image1.jpeg
<38.214 - Table 5.1.3.1-1: MCS index table 1 for PDSCH >

MCSIndex  Modulation Order 19 Code RateX gy

[1024]
Incs m o efficiency
0 2 120 52304
= o

2 2 193 0.3770
= T Tr
) 2 308 0.6016
s 2 370 0.7402
0 2 249 0.8770
7 2 26 10273 |
s 2 02 11758
5 2 79 1.3262
10 5 340 13281
1 + 378 14766
12 < 434 16953
13 + 450 19141
1 el 553 2.1602
15 el 16 2.4063
16 ) 658 2.5703
17 s 438

18 6 466

1 0 517

20 0 567

21 0 16

— —

2 o 710
=

25 0 822

26 0 873

27 0 910

28 0 048

25 2

30 )

31 6





image2.jpeg
ECINPTX

THOUSANDS

60000

EC NORMALIZED IN PTX

1 10 15 20 25

123456 78 91011121314 1p 16171819 20 21 22 23 24 25 26 27 28 29 30

MINUTES

30





image3.jpeg
EC NORMALIZED IN JOULE

3 10 15 20 25 30

120

THOUSANDS

123456 78 91011121314 1f 1617 18 19 20 21 22 23 24 25 26 27 28 29 30
MINUTES





image4.png
BS Energy Consumption per UE [joule]

BS Energy Consumption per UE for a traffic volume of 800Mbit

=1 UE per cell
=2 UEs per cel

20
UE distance from the serving cell (m]

00




image5.emf
time

T

UE 1 UE 2


image6.emf
time

T

UE 1+UE2 UE 3+UE4


image7.png
Type 2: External
sensors

AorA3

power interface

Air

sensors

|n|$t E Type 1:
Embedded

PEE
XCU or DGU
~L ES202336-12_

Telecom/ICT
equipment

Telecom site

Control-monitorin

Interoperable
and unified protocol
(TCP/IP http(s) REST XML
over Ethernet, GPRS, etc.)
202 336-1to 12

! Control
(not specified

Monitoring lin ES 202 336-12)





image8.emf

