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1. Introduction
The context in TR 38.913 v0.3.0 “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.
- - - - - - - - - - -- - - - - - - -- - - - - - - - - - -- - - - - - - -- - - - - - - - - - -- - - - - - - -- - - - - - - - - - -- - - - - - - - - - - --
Energy efficiency is one of the most important topics in 5G technology. Due to the high traffic density of ITU requirement, the total power consumption of NR would increase greatly if network energy efficiency is not improved. According to the linear power model in EARTH [1], the power consumption of the base station is also greatly increased. We think that how to quantitatively compute energy efficiency is very important both in the operating and standardization process.
(1) To estimate the TCO (total cost of Opex), energy shall be obtained before base station deployment, which is critical for investment recovery.
(2) In the design process of NR, candidate solutions may be put forward and discussed. From the point-view of energy, we prefer the most energy-efficient ones together with meeting other KPIs. 
A requirement for next generation access technologies in R14 is in the discussion, now qualitative KPI as baseline and quantitative KPI is FFS. A quantitative EE KPI proposal [2] has been discussed in TSG RAN Meeting #71. In addition to that contribution, we also propose to use a quantitative indicator as the KPI, and a specific definition of the indicator is given in the following context.
2. Base Station Power Model
The power consumption model for Base Station proposed in EARTH [1] indicates that the relationship between input power 
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 of each BS is a linear function
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Here, 
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is the slope of the power model, 
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 is the fixed power factor of BS. For LTE system 
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 is determined by the number of scheduled physical RB per sub-frame. According to ERATH [1], we can obtain 
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where 
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 indicates how 
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 changes with the scheduled RBs of Physical Downlink Shared Channel (PDSCH) [1]. 
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is the average number of RBs assigned to users. 
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denotes the fixed part of the radiated power, which is the power used by CRS, PDCCH etc. 
   In LTE system, RE is the smallest unit of resource, and one RB comprises 7*12 RE (normal CP). In order to separate the resource occupied by system overhead and traffic data, we define 
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 as the average percentage of RE occupied by users’ traffic data and system overhead, respectively. The interpretation of 
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 are:
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=the RE number occupied by users’ traffic data /total RE number in one RB; 
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= the RE number occupied by overhead/total RE number in one RB
Then,
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 can be described as,
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where 
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is a constant. 
The output power
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can be split into two parts: one part for overhead and the other part for traffic data. The formula (2) can be rewritten as
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The above formula and the relationship between 
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  is illustrated in Fig.1. Generally, the transmit power of CRS is larger than that of PDSCH, so the slope of overhead part is steeper than that of traffic data part.
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Fig. 1 Power Model of the Base Stations
Observation 1：Reducing 
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  is an effective method to reduce
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.
Observation 2：
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 includes two parts, power consumption for overhead signal and data signal, respectively.
3. Network Energy Efficiency KPI Definitions
3.1 Energy Efficiency definitions for one base station (BS)
The definitions of EE KPI have been used in many green organizations (Earth, GreenTouch). Mostly, they use throughput/ power consumption of the base station (BS) as the energy efficiency definition, where the power consumption of the base station stands for the input power (
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) of the BS. Standing in the 3GPP position, we propose to use throughput/output power (
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) of the BS as the KPI. The reasons are listed as follows,
· Certain 
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 factors are beyond 3GPP scope
(1) 80% power consumption in the network comes from RAN, and for traditional macro base stations, about 50% power consumption in RAN comes from air-conditioner, which is beyond the scope of RAN or SA WG. 
(2) Some of eNB (NodeB, BTS) power consumption is implementation specific, such as: Power consumption of PA, computing power , AC/DC (Alternating Current/Direct Current) power supply, and DC-DC converters.
· 
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accounts for a certain part of the power consumption of eNB (e.g., in LTE).
For the cabinet station scenario and the more and more popular distributed stations, the PA (power) accounts for more than 80% of total energy, and about half of it is used to radiate signals into radio interface. In another word, 
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account for about 40% of total energy. Furthermore, the power of PA is also related with 
[image: image35.wmf]out

P

 which are addressed in detail in EARTH [1].
· Optimization of 
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 may be an effective way of decreasing 
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(1) 
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will be decreased if 
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can be lowered down (linear). 
(2) Most of the time, RRU works in medium and low traffic. Even in low traffic, RF power is not low as expected since the overhead of reference signals, system info is still high. 
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should be optimized in 5G or New radio. Furthermore, sleep mode should be considered in the medium and low traffic condition.
For 2 port antenna scenario, the distribution of reference signals is given below:
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We assume that the power density of RS is twice of the power density of data. The percentages of RE and energy accounts for RS in different traffic load scenarios are:  
1) low traffic：<10% PRB usage, RS accounts for about 75% energy
2) medium traffic: 30-50% PRB usage, RS accounts for about 40% energy 
3) high traffic: >70% PRB usage, RS accounts for about 30% energy
Maybe optimizing 
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serves the first step to decrease
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. Without optimizing 
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(too much common channels overhead), 
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can’t go down.

The output power (
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) of the BS is defined as,
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The explanation is given as follows.
· In the downlink direction, there are several kinds of physical channel. Different resource element (RE) in one given physical channel may have multiple transmission power; i refers to the ith transmission power for the channel.
· pi : power density (unit: Watt/Hz),  one kind of physical channel may have different kinds of power density due to power control or allocation, e.g. different power for different UEs as regard to PDCCH or PDSCH. 
· Bi : bandwidth of occupied reference element (unit: Hz)
For LTE system, formula (5) can be writhen as,
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Where
· poweri : the ith transmit power for the given channel (unit: dBm). 
· numi : the RE number of the ith transmit power for the given channel.
Then, 
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can be optimized by minimizing poweri and numi. 
The energy efficiency of the BS in given load l and scenario s is defined as
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The energy efficiency of the BS in given scenario s is
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Proposal 1: We propose to use a quantitative KPI as the energy efficiency KPI definitions.
Proposal 2: Optimizing throughput/
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 maybe an option for current situation, though minimization of 
[image: image52.wmf]in

P

 is the ultimate goal for GREEN target.
3.2 Energy Efficiency definitions for the network
In addition to the load, scenario is also a factor to be considered, the energy efficiency of the whole network is defined as,
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The EE for the network can be obtained with several typical loads and typical scenarios.
Proposal 3: Scenario is also a factor to be considered in the definition of EE KPI.
4. Pout Calculation Method
The number of RE of a subframe is computable, and we take the total RE number in one TD-LTE frame (20MHz, RB =100) as the example, the system configuration is:
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	2 


The total RE number for respective channels:
· Total DL RE no.=14symbol*12subcarrier*100RB*6DL subframe=100800RE
· DL RE in S-subframe=3*symbol*12subcarrier*100RB*2S subframe=7200RE
· CRS RE no.=4/slot*2slot*2antenna port*100RB*(6DL+2S)subframe=12800RE
· PSS+SSS RE no.=72subcarrier*2*2=288RE
· PBCH RE no.=288-24=264RE
· PCFICH RE no.=4REG*4*(6DL+2S)subframe=128RE
· PHICH RE no.=3*2times*3REG*4=72RE
· PDCCH RE no.=26400-3200-128-72=23000RE
· PDSCH RE no.=100800-9600-144-264-96-72-19032=71592RE
In the process of the system signal design, the occupied RE number of the signals can be calculated. According to REs in different channel and its power density (e.g.: CRS_EPRE=15.2dBm), we can get
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.    
In the design process, power density and reference element number can be optimized. 
· Take an example of CRS calculation:
The output power of one RE is 10^ (15.2dBm/10) = 0.033W, according to the configuration above, 
For a certain slot containing 4 CRS, its power = 0.033W*4/slot *100RB=13.2W
The average output power is 40W in downlink, so CRS accounts for 33% of the entire output power in full traffic load, even if the CRS output power average to all downlink and uplink subframe, the number is 10% at least.
The RE power in PDSCH is generally less than that in CRS, and the RE power in PSS and SSS may be more than that in CRS. These can be calculated based on their own transmission power, by averaging the RE power of all subframes to one slot, we can get the actual output power
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Observation 3: 
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can be calculated by a systematic method.
The example in this section is shown based on LTE, but can be easily extended to NR design.

5. Considerations on 5G Networks
Based on above analysis, 
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 is related to the number of occupied RE of the network. When the traffic is low, RS accounts for the most part of
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. In this scenario, RE allocation and power density of RS have a significant impact on
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. Therefore, this issue should be considered in RS design to improve the energy efficiency. In high data traffic scenario (including office, shopping mall, train station, and so on), the number of occupied RE of all the users will be large, resulting that the total 
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of all the BSs in the network will be high. In this case, besides the optimization of RS design, power control should be considered to reduce 
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of all the BSs.
Proposal 4: To improve the network energy efficiency in 5G, the optimization of RS design should be considered. .
6. Conclusion
Observation 1：Reducing 
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  is an effective method to reduce
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Observation 2：
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 includes two parts, power consumption for overhead signal and data signal, respectively.

Observation 3: 
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 can be calculated by a systematic method.
Proposal 1: We propose to use a quantitative KPI as the energy efficiency KPI definitions.
Proposal 2: Optimizing throughput/
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 maybe an option for current situation, though minimization of 
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 is the ultimate goal for GREEN target.
Proposal 3: Scenario is also a factor to be considered in the definition of EE KPI.
Proposal 4: To improve the network energy efficiency in 5G, the optimization of RS design should be considered. 
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