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1 [bookmark: OLE_LINK156][bookmark: OLE_LINK157]Introduction
According to the requirement of submission from proponents of IMT-2020 RI/SRIT, information on the link budget should be provided according to templates [1] for each test environment in the target set of test environments defined in [2]. Also it is noted that the proponent should use the same configuration and parameters of each test environment as ones in its self-evaluation or an evaluation from another entity which is endorsed by the proponent [1]. And, the parameter entries for which there is no guidance in the template should be provided by the proponent. 
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]To further facilitate the evaluation on link budget and further discussion in 3GPP, this document provides our understanding on the detailed evaluation steps and parameters involved. 
2 Evaluation methodology 
According to IMT-2020 submission template table for link budget, the link budget calculation methodology can be summarized as the following steps. Step 1,4,5 can be directly derived by link budget template from ITU and additional intermediate stage calculation, e.g. step 2 and 3 are also provided to facilitate and unify the understanding of link budget calculation. Some of formulas are provided to help unit transition.
Step 1: Calculate Effective Isotropic Radiated Power (EIRP) at transmitter:
EIRPTx (dBm) = PTx(dBm) + GTx(dB) – LTx (dB),                                              (1)
where EIRPTx is Effective Isotropic Radiated Power (EIRP) at transmitter; PTx is total transmitter power; GTx is transmitter gain consisting of transmitter antenna gain and transmitter array gain which is related with transmitter array configurations and technologies. LTx includes cable, connector, combiner and body losses at transmitter. It is noted that EIRP calculation provided in this contribution is a general EIRP without distinction for different type of channel, e.g. control or data channel. Power boosting for control channel, data channel power loss for data channel will be considered specifically. 
Step 2:  Calculate target receiver power:
Preceiver_target(dBm) = Preceiver_sensitivity (dBm) – GRx (dB) + LRx (dB),                             (2)
where Preceiver_target is target receiver power; LRx includes cable, connector, combiner and body losses at receiver. Preceiver_sensitivity is receiver sensitivity and is calculated by:
Preceiver_sensitivity (dBm) =  SINRrequired(dB) + Neffective (dBm) + Mimplementation (dB) – GH-ARQ (dB),       (3)
where SINRrequired is required SINR for receiver to satisfy target Block Error Rate (BLER) for target transmission data rate; Mimplementation is receiver implementation margin; GH-ARQ is H-ARQ gain; Neffective is effective noise power including thermal noise and receiver interference according to templates[1]:
Neffective(W) = Nthermal(W) + Ireceiver(W),                                                  (4)
where Nthermal, Ireceiver are thermal noise power and receiver interference power in W. In order to facilitate Neffective calculation in log domain, Interference over Thermal noise (IoT), which is defined as the ratio between the total noise and interference power to the thermal noise power, can be utilized and formula (4) can be converted into formula (5):
Neffective(dBm) = Nthermal(dBm) + IoTreceiver(dB),                                          (5)
where IoTreceiver(linear domain) = (Nthermal(W)+ Ireceiver(W))/ Ireceiver(W), and then transformed into IoTreceiver(dB).
Step 3:  Calculate propagation margin:
Mpropagation(dB) = Mshadow(dB) + Mpenetration(dB),                                         (6)
where Mpropagation is total propagation margin; Mshadow is shadow fading margin; Mpenetration is penetration margin.
Step 4: Calculate available path loss:
PLavailable (dB) = EIRPTx (dBm)-  Preceiver_target(dBm)  - Mpropagation(dB) + Gother (dB),                      (7)
where PLavailable is available path loss. EIRPTx, Preceiver_target, Mpropagation are EIRP at transmitter, target receiver power and propagation from step1-3. Gother includes BS selection/macro-diversity gain and all other gains if considered.
Step 5: Calculate maximum range and coverage
Path loss can be regarded as a function of UE-to-eNB distance d3D, i.e.  path loss = f(d3D), where f is a function of d3D according to corresponding path loss models. Conversely, d3D can be expressed as a function of path loss by the inverse function, i.e. d3D = f-1(path loss).
With the available path loss PLavailable from step 4 and the inverse function of path loss model for test environment, maximum range can be calculated:
Maximum range (m) = f-1(PLavailable).                                                     (8)
Also coverage area can be obtained: 
Coverage area  (m2/site)= .                                           (9)
Proposal 1: The detailed link budget calculation process can follow the above steps. 
3 Necessary parameters for link budget evaluation
According to Proposal 1, necessary parameters and corresponding methods to achieve those parameters are summarized as follows:
Table 1: Necessary parameters for link budget evaluation and proposals
	Step
	Output parameter
	Parameter entry
	Proposals for parameter entry

	1
	EIRPTx
(dBm)
	PTx
(dBm)
	To follow evaluation guideline [2]. The same configuration as that in self-evaluation is adopted.

	
	
	GTx
(dB)
	Transmitter array gain depends on transmitter array configuration and technologies (such as adaptive analog and digital beam forming, cyclic delay diversity, etc). 
Transmitter antenna and array configurations are the same as those of self-evaluation while considered technologies also need to be provided.
Moreover, more details to calculate transmitter array gain may need further discussion.

	
	
	LTx
(dB)
	 For ≤6 GHz, 3dB for downlink and 1dB for uplink referring to [3].
Reasonable assumptions for >6GHz may need further discussion to determine reasonable assumptions.

	2
	Preceiver_target
(dBm)
	Preceiver_sensitivity
(dBm)
	To calculate separately for data channel and control channel.

	
	
	GRx
(dB)
	Receiver array gain depends on antenna array configuration and technologies, such as adaptive analog and digital beam forming, receiver multi-panel processing, etc. Receiver array configurations are also the same with those of self-evaluation and proponents need to specify detailed considerations while considered technologies also need to be provided.
Moreover, more details to calculate receiver array gain may need further discussion.

	
	
	LRx
(dB)
	For ≤6 GHz, 1dB for downlink and 3dB for uplink referring to [3].
Reasonable assumptions for >6GHz may need further discussion.

	
	
	SINRrequired
(dB)
	To be determined according to link level simulations with given MCS scheme, available PRB resources and target block error rate (BLER).
For data channel, MCS scheme used in the link level simulation is related with target transmission data rate and available PRB resources for edge users. Reasonable assumptions for the two values may need further discussion.
For control channel, due to multiple CORSET configurations, details for acquiring SINRrequired need further discussion.

	
	
	Neffective
(dBm)
	To facilitate Neffective calculation in log domain, formula (5) can be adopted.

	
	
	Nthermal
(dBm)
	To follow evaluation guideline[2]. Nthermal is determined by the product of thermal noise figure and bandwidth, which are the same as those of self-evaluation.

	
	
	IoTreceiver
(dB)
	Separate consideration of data channel and control channel is needed.

	
	
	Mimplementation (dB)
	For ≤6 GHz, 2dB for both downlink and uplink referring to [3].
Assumptions for >6GHz may need further discussion.

	
	
	GH-ARQ
(dB)
	For simplicity, it can be set as 0 considering no HARQ for control channel and 0.5dB assuming 10% re-transmission on the average for data channel referring to [3]. Other reasonable assumptions may be further discussed.

	3
	Mpropagation
(dB)
	Mpenetration 
(dB)
	Mpenetration is determined by penetration models in [2] for test environment with identical configurations as those of self-evaluation.
Details need to be discussed due to the complex penetration models for diverse test environments and optional evaluation channel models.
A companion document can be referred to [4].

	
	
	Mshadow
(dB)
	Mshadow is calculated by path loss model slope, shadow fading standard deviation, penetration standard deviation for target  coverage reliability.
Details need to be discussed due to the complexity of path loss models and penetration models for diverse test environments and optional evaluation channel models. 
A companion document can be referred to [5].

	4
	PLavailable
(dB)
	EIRPTx
(dBm)
	Output of step 1.

	
	
	Preceiver_target
(dBm)
	Output of step 2.

	
	
	Mpropagation
(dB)
	Output of step 3.

	
	
	Gother
(dB)
	It is needed to specify details of gains if considered.

	5
	Maximum
range (m)
	PLavailable
(dB)
	Output of step 4.

	
	Coverage
area  (m2/site)
	maximum range (m)
	Output of step 5.



Proposal2: To consider proposals in “Proposals for parameter entry” of Table 1 and develop the corresponding study.
4 Conclusion
In this document, the detailed evaluation methodology for link budgetand necessary parameters parameter entries are summarized. Proposals include:
 Proposal 1: The detailed link budget calculation process can follow above steps. 
Proposal2: To consider proposals in “Proposals for parameter entry” of Table 1 and develop the corresponding study.
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