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1 Introduction 
Link budget is part of the IMT-2020 submission and the corresponding template can be found in [1]. In this contribution, we discuss the evaluation methodology and parameters involved in the link budget evaluation.
2 Discussions
According to [1], proponents of IMT-2020 RIT/SRITs proposals should provide information on the link budget for each test environment. There are five test environments specified in total for three usage scenarios [2]:
	Usage scenario
	eMBB
	mMTC
	URLLC

	Test environment
	Indoor Hotspot
	Dense Urban
	Rural
	Urban Macro
	Urban Macro


In addition, when providing link budget information, the proponent should use the same configuration and parameters of each test environment as ones in its self-evaluation. Thus, the link budget assumptions should be aligned between self-evaluation and link budget calculation.
2.1 System configuration

For system configuration, the carrier frequency, BS antenna height, UE antenna height, and UE speed configuration of each test environment can be found in [2]. 
· Cell area reliability: Cell area reliability configuration can be 95% for control channel and 90% for data channel, referring to [4]. 

· Transmission bit rate: For eMBB usage scenario, the required transmission bit rate configuration can consider the cell edge user spectral efficiency requirement in [3] as a starting point. For mMTC usage scenario, the ITU requirement only considers connection density. However, the MaxCL of 164dB for a data rate of 160bps is specified in [5]. Thus, it can be served as a starting point for data rate configuration. For URLLC usage scenario, the minimum requirement for reliability is 1-10-5 success probability of transmitting layer 2 PDU of 32 bytes within 1ms in coverage edge [3]. This requirement can be considered as the transmission bit rate configuration for URLLC. Table 1 summarizes the proposals of transmission bit rate for data channel:
Table 1 transmission bit rate for data channel 

	Usage scenario
	eMBB (assuming 10MHz bandwidth)
	mMTC
	URLLC

	Test environment
	Indoor Hotspot
	Dense Urban
	Rural
	Urban Macro
	Urban Macro

	DL
	3Mbps
	2.25Mbps
	1.2Mbps
	160bps
	256kbps

	UL
	2.1Mbps
	1.5Mbps
	0.45Mbps
	160bps
	256kbps


· Target packet error ratio: For eMBB and mMTC usage scenario, the target packet error ratio can be similar to LTE, which is 1% for control channel and 10% for data channel, referring to [4]. For URLLC, the requirement for reliability for data channel is 1-10-5 success probability [3]. For control channel, if considering one-shot transmission, the control channel error probability should not larger than 10-5. It is also possible to achieve the target 1-10-5 success probability for data channel by considering multiple transmissions. In this case, the control channel reliability is also expected to be lower than 1%. Thus, it is proposed that proponent should specify the detailed assumption for URLLC transmission (single shot or multi-shot).
Table 2 target packet error ratio
	Usage scenario
	eMBB
	mMTC
	URLLC

	Target packet error ratio for control channel
	1%
	1%
	<1%, proponent should specify the detailed assumption

	Target packet error ratio for data channel
	10%
	10%
	0.001%


Proposal 1: Table 1 is considered as a starting point of transmission bit rate configuration discussion.
Observation 1: The control channel packet error ratio configuration is dependent on how the data channel reliability is achieved.

Proposal 2: For URLLC control channel error ratio configuration, proponent should provide the detailed assumption of URLLC transmission.
2.2 Transmitter
For transmitter configuration of the link budget, number of transmit antenna elements and total transmit power configuration for different test environment can be found in [2]. 

· Transmitter antenna gain and transmitter array gain: transmitter antenna gain and array gain depend on the transmitter array configuration and technologies (such as digital beamforming and analog beamforming). One way to separately calculate these two gains is to set antenna gain as the subarray gain of the antenna array, while the array gain is the additional gain provided by the antenna array in addition to the subarray gain. For example, considering antenna element configuration (M,N,P) = (16,8,2) and one subarray is mapped to 4 antenna elements in vertical domain as shown in Figure 1. In this case, the antenna gain (subarray gain) is about 14dBi, while the array gain is about 15dB by using all subarrays. However, this example only considers the optimal case without considering the imperfection of beamforming. Thus, it is proposed to also consider the beamforming imperfection effect in the link budget calculation.
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Figure 1 antenna array and subarray configuration
· Feeder loss and body loss: For sub-6GHz, when considering passive antenna, the feeder loss of 2dB and body loss of 1dB can be used by referring to [4]. However, when AAS is used, since the RRU is incorporated into the AAS, there is no cable loss effect. Therefore, when AAS is used, 0dB feeder loss can be considered. For >6GHz, the body loss effect is expected to be quite large. According to [6], the body loss is about 25~30dB at 15GHz and 28GHz is about 5dB higher, which can be considered as completely blocked. Hence, whether body loss should be considered for >6GHz requires further discussions.
Proposal 3: Antenna array gain could also consider the imperfection effect of beamforming.
Proposal 4: When AAS is used, a feeder loss of 0dB can be considered.

Observation 2: Body loss is significantly larger for >6GHz. When >6GHz, whether body loss is taken into account should be further discussed.
2.3 Receiver
For receiver configuration of the link budget, number of receive antenna elements, receiver noise figure and thermal noise density configuration can be can be found in [2]. Occupied channel bandwidth and required SNR for data and control channel is related to transmission bit rate as discussed in section 2.1 and is determined by link level simulation. The detailed link level simulation assumptions such as decoding algorithms and antenna configurations should be provided by the proponent to have a fair comparison of required SNR.
· Receiver antenna gain: similar to the discussion in transmitter part, the receiver antenna gain is highly related to the antenna array configuration and technologies used. Especially, the receiver might have multi-panel processing and these panels may or may not to receive jointly. Thus, proponent should provide the detailed assumptions.
· Receiver implementation margin: For sub-6GHz, the implementation margin of 2dB can be used by referring to [4]. For >6GHz, the implementation margin should have further study.
· HARQ gain: The HARQ gain can be 0dB for control channel and 0.5dB for data channel with 10% BLER by referring to [4]. However, for URLLC case, the HARQ gain is related to whether the 1-10-5 success probability is achieved by one-shot or multi-shot. Thus, it would require further discussion for URLLC case.
· Receiver interference density: In NR, it is expected that massive MIMO is used to improve coverage and capacity. The superior capability of beamforming brought by massive MIMO can effectively lower the inter-cell interference in downlink. However, control and data channel may apply different beamforming methods and experience different interference level. Hence, control and data channel interference density should be considered separately.
Proposal 5: For required SNR, proponent should provide detailed assumption of link level simulation to have a fair comparison.
Observation 3: Receiver antenna gain is related to array configuration and technologies used.
Proposal 6: Proponent should provide detailed assumptions for receiver antenna gain configuration.

Observation 4: HARQ gain configuration for URLLC requires more discussion.
Proposal 7: Control and data channel receiver interference density should be considered separately.
2.4 Available pathloss
· Penetration margin: 

· Outdoor UE: The penetration loss should be 0dB for outdoor UE.
· In-car UE: According to the model in [2], the car penetration margin is 9dB.
· O-to-I UE: According to [2], the O-to-I penetration loss is modeled as:
Building penetration loss = PLtw + PLin + N(0, σP2)
PLtw is penetration loss through external wall and PLin is inside loss dependent on depth into building. The formula for PLtw and PLin is summarized in Table 3 and Table 4.
Table 3 Penetration loss model for model A

	
	PLtw [dB]
	PLin  [dB]

	Low-loss model (>6GHz)
	5-10log10(0.3*10-L_glass/10+0.7*10-L_concrete/10)
	0.5d2D-in

	High-loss model (>6GHz)
	5-10log10(0.7*10-L_IRRglass/10+0.3*10-L_concrete/10)
	0.5d2D-in

	≤6 GHz
	20 (for UMa_A and UMi_A)

10 (for RMa_A)
	0.5d2D-in

	Note: L_glass=2+0.2*f(GHz); L_concrete=5+4*f(GHz); L_IRRglass=23+0.3*f(GHz)


Table 4 Penetration loss model for model B
	
	PLtw [dB]
	PLin  [dB]

	Low-loss model 
	5-10log10(0.3*10-L_glass/10+0.7*10-L_concrete/10)
	0.5d2D-in

	High-loss model
	5-10log10(0.7*10-L_IRRglass/10+0.3*10-L_concrete/10)
	0.5d2D-in

	Note: L_glass=2+0.2*f(GHz); L_concrete=5+4*f(GHz); L_IRRglass=23+0.3*f(GHz)


For PLtw, different test environments have different device deployments and percentage of low-loss and high-loss, which is summarized in Table 5.
Table 5 Penetration related configurations

	Usage scenario
	eMBB
	mMTC
	URLLC

	Test environment
	Indoor Hotspot
	Dense Urban
	Rural
	Urban Macro
	Urban Macro

	Device deployment
	N/A
	80% indoor
20% outdoor (in car)
	50% indoor
50% outdoor (in car)
	80% indoor
20% outdoor
	80% indoor
20% outdoor

	Percentage of high-loss and low-loss
	N/A
	20% high-loss

80% low-loss
	100% low-loss
	20% high-loss

80% low-loss
	100% low-loss


For PLin, it is a random variable. For model A and ≤6GHz, d2D-in is uniformly distributed between 0 and 25m for UMa and UMi, and between 0 and 10m for RMa. For model A and >6GHz and model B, d2D-in is minimum of two independently generated uniformly distributed variables between 0 and 25 m for UMa and UMi, and between 0 and 10m for RMa. To simplify the random effect of PLin, average of d2D-in can be considered. The result is summarized in Table 6.
Table 6 PLin (by considering average of d2D-in)
	model A and ≤6GHz
	model A and >6GHz, model B

	UMa and UMi
	Rural
	UMa and UMi
	Rural

	6.25dB
	2.5dB
	4.17dB
	1.67dB


· Shadow fading margin: Shadow fading margin calculation should jointly consider the effective shadow fading standard deviation and cell area reliability. 

· Shadow fading standard deviation should consider both shadow fading effect and penetration effect, which is calculated as follows:

STDeffective_shadow_fading = sqrt(STDshadowfading2 + STDpenetration2)
STDpenetration can be easily derived in [2]. STDshadowfading can also be found in [2]. The STDshadowfading value is the same before and after dBP for UMa and UMi LOS condition. However, for RMa scenario, STDshadowfading is different before and after dBP for LOS condition. Thus, verifying the result range value and assumption of relationship with dBP is required. One way to simplify it is to choose a larger or lower STDshadowfading to have a pessimistic or optimistic link budget evaluation. Another issue is for InH_A/B, UMa_A/B, UMi_A/B, and RMa_B NLOS condition, the path loss is expressed as the maximum of LOS and NLOS pathloss. Hence, it is not sure to choose which value of STDshadowfading. One way to simplify it is to choose a larger or lower STDshadowfading to have a pessimistic or optimistic link budget evaluation.
· To calculate shadow fading margin based on cell area reliability and shadow fading standard deviation, the slope of path loss model is required. However, for InH, UMa, UMi, and RMa LOS condition, the slope of path loss model is dependent on whether d2D is larger or smaller than dBP. In addition, dBP of UMa is also a random variable. All these effects make it rather complicated to calculate shadow fading margin. Thus, simply choose a larger or lower STDshadowfading to have a pessimistic or optimistic link budget evaluation can be considered.
Proposal 8: To model random variable PLin in building penetration loss, average value of d2D-in can be considered.
Observation 5: The randomness on path loss model complicates the shadow fading margin calculation. Pessimistic or optimistic link budget evaluation can be considered to simplify the evaluation.
3 Conclusion

In this contribution, we have discussed the various parameters required for link budget evaluation, and we have the following observations and proposals. 
Observation 1: The control channel packet error ratio configuration is dependent on how the data channel reliability is achieved.

Observation 2: Body loss is significantly larger for >6GHz. When >6GHz, whether body loss is taken into account should be further discussed.
Observation 3: Receiver antenna gain is related to array configuration and technologies used.

Observation 4: HARQ gain configuration for URLLC requires more discussion.

Observation 5: The randomness on path loss model complicates the shadow fading margin calculation. Pessimistic or optimistic link budget evaluation can be considered to simplify the evaluation.
Proposal 1: Table 1 is considered as a starting point of transmission bit rate configuration discussion.

Proposal 2: For URLLC control channel error ratio configuration, proponent should provide the detailed assumption of URLLC transmission.
Proposal 3: Antenna array gain could also consider the imperfection effect of beamforming.

Proposal 4: When AAS is used, a feeder loss of 0dB can be considered.

Proposal 5: For required SNR, proponent should provide detailed assumption of link level simulation to have a fair comparison.

Proposal 6: Proponent should provide detailed assumptions for receiver antenna gain configuration.

Proposal 7: Control and data channel receiver interference density should be considered separately.

Proposal 8: To model random variable PLin in building penetration loss, average value of d2D-in can be considered.
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