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1Introduction

The RAN#71 meeting outlined an Energy Efficiency-related task (referred to as “[RAN#71-06] Energy efficiency” by the RAN Chairman) to be discussed and further clarified over 3GPP email reflector until TSG RAN#72:

[RAN#71-06] Energy efficiency (Orange)

- Develop proposal for metric/KPI to quantitatively compare proposals in terms of energy efficiency

We propose to take as starting point for this discussion the text proposal presented in RAN#71on the definition of the Network Energy Efficiency Quantitative KPI in RP-160543 co-sourced by Orange, KPN, Telecom Italia, Deutsche Telekom, Telefonica, Telia Sonera, Huawei, ZTE, Telenor and Swisscom.
Companies are invited to provide their views on this draft text proposal and propose revisions or additional input so that we can submit a consolidated text proposal to TR38.913 with broader support to June RAN plenary.
2 Summary of the discussion

	Company
	Views

	Samsung
	Similar to what was discussed in the last RAN plenary meeting, we think the proposed KPI definition includes factors that cannot be controlled by RAN. Wouldn’t it be more straightforward to compare the energy consumption between NR and LTE based on the RAN design? For example, there may not be continuous transmission of CRS in NR, from which it would be possible to calculate how much power can be saved.

	Orange
	Thanks Juho. Just to understand better your comment can you please elaborate on which factors from the proposed KPI definition cannot be controlled by RAN?

	Samsung
	In our view, 

-       b_k is depending on deployment scenarios and hence cannot be controlled by RAN

-       EC_1 is depending on realistic hardware implementation including, e.g., cooling system, which is not under RAN control

It case of v_1 and a_1, it might be possible to derive them from traffic models. However, it is not clear how to derive their values.

	KT
	Juho

Regarding b_k, proposal seems to consider 2 different scenarios, capacity limited environment (I believe we can use Dense Urban for this case) and coverage limited environment (we can use rural for this case). As these deployment scenarios are included in TR 38.913 I think the next step should be how to weight these values.

For EC_1, 5G NB power consumption could be assumed as EC_1 (watts) = N_antenna * N_sector * (EC_rf+EC_bb) + EC_dc + EC_ps + EC_cooler 

EC_1 value will depend on b_k as power consumptions for Dense Urban (Micro, Pico BS) and Rural (Macro) can be different.

Hence, I believe it is possible to evaluate network energy efficiency (bits/Joule) using above and derive v_1 (bps) and a_1 from traffic models.

Fatima

In the text proposal, it is written that “Both qualitative and quantitative KPIs are proposed.” Could you clarify what you are proposing for “Quantitative KPI”?

Also, what is your suggestion on defining qualitative requirement for energy efficiency? Are you suggesting to have some proposed requirements in bits/Joule (as shown in white papers such as Korea’s 5G Forum) or [100 or 1000] times of IMT-Advanced (as shown in ITU-R vision document)?

	Orange
	As explained in our motivation paper RP-160373 and in our text proposal RP-160543:

1.
Energy Efficiency Quantitative KPI should be evaluated by means of system level simulations at least in 2 deployment scenarios: one coverage limited environment (ex : Rural) AND one capacity limited environment (ex : Urban).

2.
b_k is simply a way to weight these different deployment scenarios, so we can agree for example in RAN1 that the e.g. Rural scenario counts for (e.g.) 0.4 and that the e.g Urban scenario counts for (e.g.) 0.6. 

•
Orange will make proposals in RAN1 for these values, but we wanted also to hear views from other operators and agree all together on numbers that represent a balanced network reference configuration. 

•
This values for us is fully under the area of expertise of RAN1 and depends only on the weights companies in RAN1 see for each deployment scenario as compared to an overall network.

3.
To calculate EC_i we suggested in our paper the use of a BS power model. There is a good power model recognized by the Energy Efficiency community which was a result of research project Greentouch and which is enough flexible and configurable to include or not the cooling system aspects (Model given by IMEC (http://www2.imec.be/be_en/research/wireless-communication/power-model-html.html). But we are open to other alternative calculations methods if proposed by companies in RAN1.

4.
Regarding V_i and a_i: 

•
V_i= Refers to the traffic per second served by a base station and would be one of the results of the system simulations run for each one of the chosen 2 deployment scenarios

•
 a_i = Refers to the weight for each traffic load level. For each deployment scenario, we suggest in our proposal to measure 3 pairs of (V_i - EC-i). Each pair would correspond to a different traffic load points along the day. This is important to represent synthetically a 24 hour daily traffic profile of the base station. Evaluation at Peak hour only or at very low or zero traffic hour only would not be representative of the overall Network energy Efficiency. a_i are values that we can agree in RAN1 to weight each traffic load point depending on the traffic model assumptions. We have proposals for that, but of course we would like to hear views from other operators and vendors in RAN1 and agree on reference values. This value can be defined/agreed by RAN1 as any of the traffic model assumptions we are using in our evaluations.

5.
Question from KT on Quantitative versus Qualitative evaluation :

•
Orange proposal comes with an EE KPI definition that helps quantitatively measure the network energy efficiency

•
The proposal to use Qualitative Evaluation is already part of the current TR38.913 and Orange just left it the way it was. Here is an extract from the current agreed TR 38.913 version with an editor note that clarifies the difference between Quantitatve and Qualitative approaches: “

====================Extract from approved TR38.913 V0.3.0 approved at RAN#71=======

7.19      Network energy efficiency

The capability is to minimize the RAN energy consumption while providing a much better area traffic capacity.

Qualitative KPI as baseline and quantitative KPI is FFS.

Editor’s notes: Inspection is the baseline method to qualitatively check the capability of the RAN to improve area traffic capacity with minimum RAN energy consumption, e.g., ensure no or limited increase of BS power with more antenna elements and larger bandwidth, etc. As qualitative evaluation, 3GPP should ensure that the new RAT is based on energy efficient design principles. When quantitative evaluation is adopted, one can compare the quantity of information bits transmitted to/received from users, divided by the energy consumption of RAN.

	Telecom Italia
	Telecom Italia supports Orange’s view. ETSI EE derived quantitative parameters to measure energy efficiency and we should reuse them as much as possible.

	Nokia
	First I’d like to take the opportunity to promote a Nokia contribution to RAN1#84bis on network energy efficiency, where we also find the same background work important as indicated in the Orange proposal

http://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_84b/Docs/R1-162887.zip

Second, I’d like to bring to everyone’s attention that RAN1 already in its first meeting agreed to minimize so-called always-on transmissions, which directly contributes to the base station sleep mode.

Now what I understand of the IMEC model being proposed as the basis of system energy efficiency, there are two aspects that contribute to energy saving per bit delivered

1) The efficiency in which the user data is delivered (Better energy efficiency is achieved by minimizing the active transmission phase needed to deliver a given amount of data)

2) The efficiency of the inactive phase in order to benefit from network sleep modes.

Now further I understand that the IMEC model categorizes the sleep modes in four different categories:

SM1: Micro-DTX, the duration of no transmission is less than a millisecond

SM2: The duration of no transmission is 1…10ms

SM3: The duration of no transmission is 10…1000 ms

SM4: The duration of no transmission is over one second

Further the model shows good gains when moving from continuous transmission to SM1, and again when moving from SM1 to SM2, but very limited additional gains when one moves from SM2 to SM3 or to SM4, this somewhat depending on the BTS type.

From all this one should be able derive the targets for the physical layer design so that we can achieve good energy efficiency:

The tool to optimize active phase energy consumption is to have as efficient a data delivery system as possible – this is what we are expected to do

The tool to optimize the inactive phase energy consumption is to minimize the so called always-on transmissions to maximize the usage of network sleep modes – this is something we need to do, and we need to ensure that there is sufficient continuous no-Tx phase and sufficiently short transmit phase for synch etc, when the Node B does not transmit any data.

So – as a guidance to the WGs, I would suggest that the design proposals are compared against the two metrics – the ability to efficiently deliver data, and the ability to provide sufficiently long network DTX periods while there is no data to transmit (in the range of 1-10 ms according to IMEC). The final system design can then be run through the IMEC model and we get a J/W number that we can compare.

What I would wish to avoid is spending WG time in discussions on right model parameterizations so that a particular base station type power consumption is correctly characterized as that debate is not in itself contributing to the system design nor the actual energy efficiency of the system.

	NTT DoCoMo
	It seems that we all agree on the importance of energy efficiency, but have different views on the method of evaluation. 

From DOCOMO side, I would like to have technical clarification/question on the metric proposed for quantitative evaluation.

(I)
How to use the proposed metric?

e.g., 1) Compare different technical solutions, 2) Assess the tradeoff between network performance and energy consumption, etc.

In summary, the proposed method evaluates the global energy consumption as follows:

-------

  EE_global = \Sum_scenariok bk EE_scenariok

bk : refers to the weights of every deployment scenario where the network energy efficiency is evaluated. 

Values for bk are [FFS] 

EE_scenario = \Sum_loadlevel_l  (al*Vl/ECl)

Vl= Refers to the traffic per second served by a base station

ECl = Refers to the power consumed by a base station to serve Vl. 

al = Refers to the weight for each traffic load level. Values for al are [FFS]

-------

   In the proposed metric V is divided by EC, thus it would be difficult to compare different technical solutions if they have different consumption powers and throughput performance. It would be better to fix EC of different technologies and compare their V or vice versa. 

(II)
The summation among V/EC of multiple scenarios is proposed. Summation is equivalent to "OR". Would that mean that by using the proposed metric, we may favor some technical solutions as long as they provide higher V/EC for some deployment scenarios but not over all deployment scenarios?

	Ericsson
	We agree on the importance of energy efficiency. We also share Nokia’s view on how 3GPP efficiently can work towards improving energy efficiency, by targeting efficient data transmissions and allowing efficient sleep modes when there is no data. On a more detailed level we do however see benefits of sleep durations up to 100ms.

For comparison of solutions directly related to energy efficiency, and when the impact is not obvious, it could be useful to be able to do energy efficiency evaluations and comparisons based on models like the IMEC model, the METISII model (section 4.6.3 of https://metis-ii.5g-ppp.eu/wp-content/uploads/METIS-II_D2.1_v1.0.pdf) or similar.

	Huawei
	From Huawei side, we agree that network energy efficiency is very important and needs to be evaluated. 

Regarding the proposals from Orange, As Anass summarized, there are two step proposals as below:

-------

  EE_global = \Sum_scenariok bk EE_scenariok

bk : refers to the weights of every deployment scenario where the network energy efficiency is evaluated. 

Values for bk are [FFS] 

EE_scenario = \Sum_loadlevel_l  (al*Vl/ECl)

Vl= Refers to the traffic per second served by a base station

ECl = Refers to the power consumed by a base station to serve Vl. 

al = Refers to the weight for each traffic load level. Values for al are [FFS]

-------

In our understanding, for the first step (EE_global = \ Sum_scenariok bk EE_scenariok), it may suffice to agree on the important scenarios for EE evaluation, and if this is agreed, we could relax ourselves by not discussing the weights of every deployment scenario (i.e., bk). We think Orange’s proposal is reasonable and could be considered as start point: at least 2 deployment scenarios need to be considered, one coverage limited environment (ex : Rural) AND one capacity limited environment (ex : Urban).
For the second step, we agree on Orange’s view on the traffic load level: Evaluation at Peak hour only or at very low or zero traffic hour only would not be representative of the overall Network energy Efficiency. So maybe 3 traffic load level (high, median, and low) need to be considered. That is, we need to evaluate network EE in median to high traffic load case, to investigate the ability of energy efficient delivery of data (e.g., when MIMO is considered); as well as evaluate network EE in low traffic load case, to investigate the ability of energy efficient operation when there is no or very limited data to be transferred.

On energy / power consumption model, this could be further discussed in RAN WG. IMEC model could be a start point. However some extension might be needed to make it applicable to, e.g., massive MIMO case (e.g., support 16 / 32 ports or even more). On cooling system’s energy consumption, we think it might be common for different technical proposals in e.g., RAN1. In that case, we do not need to discuss that part in RAN WGs, since it does not help to make comparison of different proposals.


3 Proposed way forward for approval
1. Network energy efficiency shall be considered as a basic principle in the NR design
2. The target is a design with:
a. the ability to efficiently deliver data, and 
b. the ability to provide sufficiently long network DTX periods while there is no data to transmit
3. In addition, quantitative evaluations are done for the following cases with the KPI definition proposed below:

a. to compare different solutions or mechanisms directly related to energy efficiency, when their impact is not obvious from qualitative analysis. When qualitative evaluation provide clear conclusions for the comparison of different Network EE solutions and the evaluation of their impact, the comparison through the proposed quantitative KPI is not required.
b. to compare the final NR system design with LTE to evaluate the overall improvement brought in terms of Network EE
4. The following assumptions are considered as starting point for the discussion in RAN WGs:

a) the IMEC model can be used as a starting point with possible enhancements or adjustment depending on considerations brought to RAN WGs. Similar other models are not precluded (Further discussion in RAN WGs needed). Other alternative models can be considered in RAN1 if needed.

b) Energy Efficiency Quantitative KPI should be evaluated by means of system level simulations at least in 2 deployment scenarios: one coverage limited environment (ex : Rural) AND one capacity limited environment (ex : Urban).

c) Evaluation should not be for peak hour but based on a 24 hour daily traffic profile. We recommend that at least 3 load levels should be evaluated

d) Cooling system impact on EE will not be discussed in 3GPP RAN

e) The detailed evaluation methodology is FFS in RAN WGs
We propose to approve this way forward together with the text proposal below for TR38.913.

4 Text Proposal for TR38.913
-------------------------------------------------- BEGIN TEXT PROPOSAL ----------------------------------------------------------

7.19
Network energy efficiency
The capability is to minimize the RAN energy consumption while providing a much better area traffic capacity.

Both qualitative and quantitative KPIs are proposed.
Network energy efficiency shall be considered as a basic principle in the NR design
The target is a design with:

· the ability to efficiently deliver data, and 

· the ability to provide sufficiently long network DTX periods while there is no data to transmit

Quantitative KPI:
The following Network Energy Efficiency quantitative KPI shall be used:

a) to compare different solutions or mechanisms directly related to energy efficiency, when their impact is not obvious from qualitative analysis. When qualitative evaluation provide clear conclusions for the comparison of different Network EE solutions and the evaluation of their impact, the comparison through the proposed quantitative KPI is not required.

b) to compare the final NR system design with LTE to evaluate the overall improvement brought in terms of Network EE

Definition:
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bk : refers to the weights of every deployment scenario where the network energy efficiency is evaluated. Values for bk are [FFS] 
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V1= Refers to the traffic per second served by a base station

EC1 = Refers to the power consumed by a base station to serve V1. 
a1 = Refers to the weight for each traffic load level. Values for a1 are [FFS] 
Note: 
The following assumptions are considered as starting point for the discussion in RAN WGs:

· the IMEC model can be used as a starting point with possible enhancements or adjustment depending on considerations brought to RAN WGs. Similar other models are not precluded (Further discussion in RAN WGs needed). Other alternative models can be considered in RAN1 if needed.

· Energy Efficiency Quantitative KPI should be evaluated by means of system level simulations at least in 2 deployment scenarios: one coverage limited environment (ex : Rural) AND one capacity limited environment (ex : Urban).

· Evaluation should not be for peak hour but based on a 24 hour daily traffic profile. We recommend that at least 3 load levels should be evaluated

· Cooling system impact on EE will not be discussed in 3GPP RAN

· The detailed evaluation methodology is FFS in RAN WGs
Editor’s notes: Inspection is the method to qualitatively check the capability of the RAN to improve area traffic capacity with minimum RAN energy consumption, e.g., ensure no or limited increase of BS power with more antenna elements and larger bandwidth, etc. As qualitative evaluation, 3GPP should ensure that the new RAT is based on energy efficient design principles. For quantitative evaluation, one can compare the quantity of information bits transmitted to/received from users, divided by the energy consumption of RAN.

-------------------------------------------------- END TEXT PROPOSAL ----------------------------------------------------------
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