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第十六週：效能評比準則及校準程序
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Report ITU-R M.2412-0

[1]Guidelines for evaluation of radio interface technologies for IMT-2020

此文件有針對connection density、reliability、spectral efficiency、
mobility，的計算流程、方式做詳細的介紹，本章節只會針對connection 

density、reliability、spectral efficiency做簡單的介紹，欲了解詳細的流程，
請參閱ITU-R M.2412-0。
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Connection density 

Connection density的定義為，每平方公里有幾個裝置可以連線

Two evaluation methods:

Non-full buffer connection density 

Full-buffer connection density 

以下將針對Non-full buffer connection density 做介紹
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Non-Full Buffer Connection Density 

Step 1: Set system user number per TRxP as N. 

Step 2: Generate the user packet according to the traffic model. 

Step 3: Run non-full buffer system-level simulation to obtain the packet 

outage rate. 

outage rate: the ratio of packets that failed to be delivered to the destination 

receiver within a transmission delay of less than or equal to 10s to the total 

number of packets generated in Step 2. 

Step 4: Change the value of N and repeat Step 2-3 to obtain the system 

user number per TRxP N’ satisfying the packet outage rate of 1%. 

Step 5: Calculate connection density by equation C = N’ / A

TRxP area A = ISD^2 × sqrt(3)/6

ISD is the inter-site distance. 

Reference: 
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Reliability 

Step 1: Run downlink or uplink full buffer system-level simulations using 

the evaluation parameters of Urban Macro-URLLC test environment, and 

collect overall statistics for downlink or uplink SINR values, and construct 

CDF over these values. 

Step 2: Run corresponding link-level simulations for either NLOS or LOS 

channel conditions, to obtain success probability, which equals to (1-Pe), 

where Pe is the residual packet error ratio within maximum delay time as 

a function of SINR taking into account retransmission. 

Step 3: The proposal fulfils the reliability requirement if at the 5th 

percentile downlink or uplink SINR value and within the required delay, 

the success probability derived in Step 2 is larger than or equal to the 

required success probability. It is sufficient to fulfil the requirement in 

either downlink or uplink, using either NLOS or LOS channel conditions. 
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Spectral efficiency

因5G其中之一的賣點為高傳輸速率，且現行的頻段價格不斐，所以頻譜的
使用率格外的重要，各家公司通常都以spectral efficiency，做效能的評估
以及比對

Spectral efficiency(bit/s/Hz)，為在某一時段頻段下，平均每秒每Hz能夠傳
輸多少的bit

以下將對兩種Spectral efficiency作介紹

1. Average spectral efficiency

2. Cell edge spectral efficiency
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Average Spectral Efficiency

Average spectral efficiency is given by :

SE𝑎𝑣𝑔 =
 
𝑗=1

𝑁𝑑𝑟𝑜𝑝𝑅 𝑗 (𝑇)

𝑁𝑑𝑟𝑜𝑝 ∗ 𝑇 ∗𝑊 ∗ 𝑀
=
 
𝑗=1

𝑁𝑑𝑟𝑜𝑝 𝑖=1
𝑁 𝑅𝑖

(𝑗)
(𝑇)

𝑁𝑑𝑟𝑜𝑝 ∗ 𝑇 ∗ 𝑊 ∗ 𝑀

𝑅𝑖
𝑗
(𝑇) is the received bits by user i in j-th drop

M is the number of the TRP

W is the channel bandwidth, and T is the time  
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Cell Edge Spectral efficiency

Cell edge spectral efficiency 5th percentile point of the 

cumulative distribution function (CDF) of the 

normalized user throughput. 

𝑟𝑖
(𝑗)

is the spectral efficiency of user i in drop j : 

𝑟𝑖
(𝑗)
=
𝑅𝑖
𝑗
(𝑇)

𝑇𝑖 ∗ 𝑊

The lowest 5th percentile point of 𝑁 ∗ 𝑁𝑑𝑟𝑜𝑝 is the cell 

edge spectral efficiency.
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Spectral Efficiency評比準則

會影響spectral efficiency的因素有很多，包含：MCS table、天線個數、
傳輸功率…，都會影響spectral efficiency，甚至連如何排程都會影響
spectral efficiency。

因此，在與其他公司做比較之前，必須先確保各參數皆一致，才能確保比
較結果的公正性
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TR 37.910(1/2)

TR 37.910[2]提供了各家公司的參數設定及其模擬結果，包含：
connection density、mobility、reliability、user data rate以及eMBB

spectral efficiency

以eMBB_SE為例，eMBB_SE內包含了三種場景的spectral efficiency以及
參數可供參考
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TR 37.910(2/2)

InH eMBB 4GHz 12TRxP spectral efficiency
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參數設定
Requirement

各公司模擬結果
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校準(Calibration)的用意及好處

校準是用於保持準確性的主要過程之一，有了各家公司、廠商的數據、樣
本，我們可以明確的知道模擬的結果是否可靠。如果沒有經過校準的程序，
就沒有個依據來證明模擬結果是正確的，也無法得知模擬結果有誤，進而
對程式做修正。
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校準程序、K圖

因各家廠商、公司，在估計(選擇)RI、MCS、PMI的策略不同，所以模擬
出的spectral efficiency也會有所不同，故不會以spectral efficiency作為校
準的依據。

通常採用coupling gain以及DL geometry來進行校準

校準程序：

1. 先確保各參數皆一致

2. 模擬出coupling gain以及DL geometry並個別劃出CDF圖

3. 與各家廠商、公司做比較

Coupling gain(or coupling loss): BS端的transmit power與UE端的receive 

power之差值

DL geometry: Pre-processing UE DL SINR
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RP-180524(1/2)

RP-180524[3]有針對Coupling gain以及DL geometry做校準

包含數個場景以及其參數設定
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RP-180524(2/2)

InH_4GHz_36TRxP_ModelA
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METIS Simulation Guidelines[4]

METIS在此文件有針對LTE的3種case做calibration，分別為：

Calibration case 1 - LTE with basic deployment

Calibration case 2 - LTE-Advanced with basic deployment

Calibration case 3 - LTE-Advanced with ultra-dense deployment

從比較簡單的case到複雜case，都提供大家一個參考的指標，其提供的結
果包含：

Cell-spectral efficiency

Cell-edge user spectral efficiency

Cumulative distribution function of the normalized user throughput

Cumulative distribution function of the SINR
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Calibration case 1 - LTE with basic deployment

模擬參數
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Calibration case 1 - LTE with basic deployment

模擬結果
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Calibration case 2 - LTE-Advanced with basic deployment

模擬參數
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Calibration case 2 - LTE-Advanced with basic deployment

模擬結果
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