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1 [bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: _GoBack]Introduction
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Penetration loss is modeled in Report ITU-R M.2412 [1], which indicates that two items need to be addressed for link budget analysis:
· Penetration margin, which will be directly added to obtain total propagation margin (step 3 of link budget evaluation methodology as discussed in the companion document [3])
· Penetration Standard Deviation (SD), which will be integrated with shadow fading SD in order to calculate shadow fading margin (see shadow fading margin calculation discussed in the companion document [4])
In this document, penetration margin and penetration SD for test environments of Dense Urban-eMBB, Rural-eMBB, Urban Macro-mMTC and Urban Macro-URLLC will be investigated. Obviously, for InH-eMBB, penetration margin = 0, penetration SD = 0.
2 Penetration margin and SD
Taking the fact that no penetration loss is modeled for outdoor UEs as well as the difference between car penetration loss and building penetration loss modeling into account, it is necessary to discuss penetration margin and SD for outdoor UEs, outdoor in-car UEs and O2I UEs separately. For a better understanding of penetration margin and SD discussions for test environments of Dense Urban-eMBB, Rural-eMBB, Urban Macro-mMTC and Urban Macro-URLLC, penetration related evaluation configurations given by [1] are listed in Table1.
Table 1: Penetration related evaluation configurations for test environments of Dense Urban-eMBB, Rural-eMBB, Urban Macro-mMTC and Urban Macro-URLLC
	Test environment
	Evaluation configuration
	Carrier frequency
	Device deployment
	Percentage of high loss and low loss building type

	Dense Urban-eMBB
	Config. A
	4GHz
	80% indoor,
20% outdoor (in car)
	20% high loss, 80% low loss

	
	Config. A
	30GHz
	80% indoor,
20% outdoor (in car)
	20% high loss, 80% low loss

	Rural-eMBB
	Config. A
	700MHz
	50% indoor,
50% outdoor (in car)
	100% low loss

	
	Config. B
	4GHz
	50% indoor,
50% outdoor (in car)
	100% low loss

	Urban Macro-mMTC
	Config. A
	700MHz
	80% indoor,
20% outdoor 
	20% high loss, 80% low loss

	
	Config. B
	700MHz
	80% indoor,
20% outdoor
	20% high loss, 80% low loss

	Urban Macro-URLLC
	Config. A
	4GHz
	80% outdoor,
20% indoor
	100% low loss

	
	Config. B
	700MHz
	80% outdoor,
20% indoor
	100% low loss



Note that for Dense Urban-eMBB and Rural-eMBB， outdoor UEs are in car UEs, while for Urban Macro-mMTC and Urban Macro-URLLC， they are merely outdoor UEs.
2.1 Outdoor UEs
Since no penetration loss is modeled for outdoor UEs, penetration margin and SD are both 0dB.
Proposal 1: Penetration margin and SD for outdoor UEs are both 0dB. 
2.2 Outdoor in-car UEs
According to [1], car penetration loss is modeled as N(μ, σP2), where μ = 9, and σP = 5 for both channel model A and B. Thus, car penetration impact for outdoor in-car UEs can be concluded as: car penetration margin =9dB, car penetration SD = 5dB.
Proposal 2: Penetration margin and SD for outdoor in car UEs are 9dB and 5dB respectively.
2.3 O2I UEs
According to [1], building penetration loss for O2I UEs is modeled as:
Building penetration loss = PLtw + PLin + N(0, σP2),                                                 (1)
where PLtw  and PLin stands for “path loss through external wall” and “O2I indoor loss” respectively. Obviously “PLtw + PLin” corresponds to penetration margin and σP indicates penetration SD.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For channel model A when ≤6 GHz, building penetration in [1]is modelled as:
Table 2: O-to-I building penetration loss model for channel model A when≤6 GHz
	Path loss through external wall: PLtw [dB]
	O2I indoor loss: PLin [dB]
	Standard deviation: σP  [dB]

	20 (for UMa_A and UMi_A)
10 (for RMa_A)
	0.5d2D-in
	0



For channel model A when >6GHz and channel model B, building penetration in [1] is modelled as:
Table 3: O-to-I building penetration loss model for model A>6GHZ and Model B
	
	Path loss through external wall: PLtw[dB]
	O2I indoor loss: PLin [dB]
	Standard deviation:σP  [dB]

	Low-loss model 
	5-10log10(0.3*10-L_glass/10+0.7*10-L_concrete/10)
	0.5d2D-in
	4.4

	High-loss model 
	5-10log10(0.7*10-L_IRRglass/10+0.3*10-L_concrete/10)
	0.5d2D-in
	6.5



According to above penetration loss models, there are some issues needed to be discussed:
Issue 1: To model PLin, d2D-in is a random variable. For channel model A when ≤6 GHz, d2D-in is a uniformly distributed random variable. For channel model B and model A when >6GHz, d2D-in is the minimum of two uniformly distributed variables.
To simplify the random distributed d2D-in, average d2D-in can be considered. 
For channel model A when ≤6 GHz, considering that d2D-in is assumed uniformly distributed between 0 and 25 m for Dense Urban-eMBB, Urban Macro-mMTC, Urban Macro-URLLC and between 0 and 10 m for Rural-eMBB, average d2D-in is 12.5m for Dense Urban-eMBB, Urban Macro-mMTC, Urban Macro-URLLC and 5m for Rural-eMBB.
For channel model A when >6GHz and channel model B, d2D-in is the minimum of two independently generated uniformly distributed variables between 0 and 25 m for Dense Urban-eMBB, Urban Macro-mMTC, Urban Macro-URLLC, and between 0 and 10 m for Rural-eMBB. The expected value of d2D-in is  25/3 m for Dense Urban-eMBB, Urban Macro-mMTC, Urban Macro-URLLC and 10/3 m for Rural-eMBB.
Proposal 3: To simplify PLin where d2D-in is a random variable, for channel model A when≤6 GHz, average d2D-in is 12.5m for Dense Urban-eMBB, Urban Macro-mMTC, Urban Macro-URLLC and 5m for Rural-eMBB. For channel model B and channel model A when >6GHz, the expected value of d2D-in is 8.3 m for Dense Urban-eMBB, Urban Macro-mMTC, Urban Macro-URLLC and 3.3 m for Rural-eMBB.
Issue 2: High loss and low loss building types are modeled for PLtw for channel model B and model A when >6GHz. According to evaluation configurations of section 8.4 in [1], 100% low loss type is assumed for Rural-eMBB and Urban Macro- URLLC. However, 80% low loss and 20% high loss UEs are considered for Dense Urban-eMBB and Urban Macro-mMTC, indicating that the overall PLtw  and σP are uncertain parameters in this case.
One efficient method is to integrate the high loss and low loss effect according to assumed probabilities, indicating average building penetration margin and SD. Another option is to merely consider the low loss model for a more optimistic link budget calculation, or high loss model for a more pessimistic link budget calculation, or submit both low loss and high loss results.
Proposal 4 : To simplify the uncertain overall PLtw and σP caused by various loss type models, 
option a - average building penetration margin and SD can be calculated by integrating high loss model and low loss model according to respective probabilities.
option b-  PLtw and σP of low loss only or high loss only model are used that may lead to more optimistic or pessimistic link budget.
option c-  to submit link budget evaluation results by low loss and high loss respectively.
Following ITU guideline evaluation configurations [1], initial building penetration margin and SD results for various test environments  are summarized as follows. 
Table 4: Building penetration margin and SD results based on proposals
	Test environment
	Evaluation configuration
	Channel Model
	By proposal
	Building penetration margin [dB]
	Building penetration SD [dB]

	Rural-eMBB
	Config. A
	A≤6GHz
	3
	12.50
	0.00

	
	
	B
	
	11.90
	4.40

	
	Config. B
	A≤6GHz
	
	12.50
	0.00

	
	
	B
	
	14.54
	4.40

	Dense Urban-eMBB
	Config. A
	A≤6GHz
	3
	26.25
	0.00

	
	
	B
	3&4a
	20.06
	4.89

	
	
	
	3&4b low
	17.04 
	4.40 

	
	
	
	3&4b high
	32.14
	6.50

	
	Config. B
	A>6GHz&B
	3&4a
	26.46
	4.89

	
	
	
	3&4b low
	22.40 
	4.40 

	
	
	
	3&4b high
	42.72
	6.50

	Urban Macro-mMTC
	Config. A&B
	A≤6GHz
	3
	26.25
	0.00

	
	
	B
	3&4a
	15.91
	4.89

	
	
	
	3&4b low
	14.40 
	4.40 

	
	
	
	3&4b high
	21.91
	6.50

	Urban Macro-URLLC
	Config. A
	A≤6GHz
	3
	26.25
	0.00

	
	
	B
	
	17.04
	4.40

	
	Config. B
	A≤6GHz
	
	26.25
	0.00

	
	
	B
	
	14.40
	4.40



Observation 1: For test environments of Dense Urban-eMBB and Urban Macro-mMTC, different simplification methods for high/low loss types for channel model B and A when >6GHz will result in different building penetration margin and SD. 
3 Effective SD for shadow fading margin calculation
For link budget analysis, shadow fading margin needs to be calculated based on path loss model slope, fading SD and target Area Coverage Reliability (ACR). For test environments of InH-eMBB, Dense Urban-eMBB, Rural-eMBB, Urban Macro-mMTC and Urban Macro-URLLC, effective fading SD needs to be considered by integrating shadow fading effect and all kinds of penetration effects.  
As proposed in [2], a root-square method can be utilized to calculate effective SD:
Effective SD_shadowfading&penetrationloss = sqrt(SDshadowfading2+ SDPenetration loss2)                             (2)
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]Proposal 5: Effective fading SD integrating shadow fading and penetration effect can be calculated by root-square method. The effective SD will further be used to calculate shadow fading margin for link budget.
Based on the discussions of penetration margin and SD in the section 2, effective SD results are summarized for all test environments . Note that in Table 7 for Rural-eMBB environment,  “d2D≤dBreakpoint” and “d2D>dBreakpoint” cases are separated because σSF is not the same. 
Table 5: Effective SD for InH-eMBB
	Test environment
	State
	Evaluation configuration
	Channel Model
	Effective SD [dB]

	InH-eMBB
	LOS
	Config. A
	A≤6GHz
	3.00

	
	
	Config. A
	B
	3.00

	
	
	Config. B
	A>6GHz&B
	3.00

	
	NLOS
	Config. A
	A≤6GHz
	4.00

	
	
	Config. A
	B
	8.03

	
	
	Config. B
	A>6GHz&B
	8.03



Table 6: Effective SD for Dense Urban-eMBB
	Test environment
	State
	Evaluation configuration
	Channel Model
	By proposal
	Effective SD [dB]

	Dense Urban-eMBB
	O2I
	Config. A
	A≤6GHz
	3
	7.00

	
	
	
	B
	3&4a
	8.54

	
	
	
	
	3&4b low
	8.27 

	
	
	
	
	3&4b high
	9.55

	
	
	Config. B
	A>6GHz&B
	3&4a
	8.54

	
	
	
	
	3&4b low
	8.27 

	
	
	
	
	3&4b high
	9.55 

	
	Outdoor(in car)
-LOS
	Config. A&B
	A&B
	2
	6.40

	
	Outdoor(in car)
-NLOS
	Config. A&B
	A&B
	2
	7.81



Table 7: Effective SD for Rural-eMBB
	Test environment
	State
	Evaluation configuration
	Channel Model
	By proposal
	Effective  SD  [dB]

	Rural-eMBB
	O2I
	Config. A&B
	A≤6GHz
	3
	8

	
	
	
	B
	
	9.13

	
	Outdoor (in car)
-LOS
	Config. A&B
	A≤6GHz &B
	2
	d2D≤dBreakpoint：6.4
d2D > dBreakpoint：7.81

	
	Outdoor (in car)
-NLOS
	Config. A&B
	A≤6GHz &B
	2
	9.43



Table 8: Effective SD for Urban Macro-mMTC
	Test environment
	State
	Evaluation configuration
	Channel Model
	By proposal
	Effective SD [dB]

	Urban Macro-mMTC
	O2I
	Config. A&B
	A≤6GHz
	3
	7.00

	
	
	
	B
	3&4a
	8.54

	
	
	
	
	3&4b low
	8.27 

	
	
	
	
	3&4b high
	9.55

	
	Outdoor-LOS
	Config. A&B
	A≤6GHz&B
	1
	4.00

	
	Outdoor-NLOS
	Config. A&B
	A≤6GHz&B
	1
	6.00



Table 9: Effective SD for Urban Macro-URLLC
	Test environment
	State
	Evaluation configuration
	Channel Model
	By proposal
	Effective SD [dB]

	Urban Macro-URLLC
	O2I
	Config. A&B
	A≤6GHz
	3
	7.00

	
	
	
	B
	
	8.27

	
	Outdoor-LOS
	Config. A&B
	A≤6GHz&B
	1
	4.00

	
	Outdoor-NLOS
	Config. A&B
	A≤6GHz&B
	1
	6.00



Observation 2: For O2I case of Dense Urban-eMBB and Urban Macro-mMTC, different simplification methods for high/low loss types for channel model B and A when >6GHz will result in different effective SD because of differences in penetration SD.
Observation 3: Effective SD of different test environments are different mainly due to their evaluation configuration, channel model A or B, and selected method for low/high penetration loss.
4 Conclusion 
In this document, penetration loss effects on link budget are analyzed from the perspective of penetration margin and penetration SD. Based on penetration models in [1], penetration margin and penetration SD for test environments of Dense Urban-eMBB, Rural-eMBB, Urban Macro-mMTC and Urban Macro-URLLC are discussed. Some issues relating penetration margin and SD are addressed and feasible simplification methods are proposed：
Proposal 1: Penetration margin and SD for outdoor UEs are both 0dB.
Proposal 2: Penetration margin and SD for outdoor in car UEs are 9dB and 5dB respectively.
Proposal 3: To simplify PLin where d2D-in is a random variable, for channel model A when≤6 GHz, average d2D-in is 12.5m for Dense Urban-eMBB, Urban Macro-mMTC, Urban Macro-URLLC and 5m for Rural-eMBB. For channel model B and channel model A when >6GHz, the expected value of d2D-in is  8.3 m for Dense Urban-eMBB, Urban Macro-mMTC, Urban Macro-URLLC and 3.3 m for Rural-eMBB.
Proposal 4 –: To simplify the uncertain overall PLtw and σP caused by various loss type models, 
option a - average building penetration margin and SD can be calculated by integrating high loss model and low loss model according to respective probabilities.
option b-  PLtw and σP of low loss only or high loss only model are used that may lead to more optimistic or pessimistic link budget.
option c-  to submit link budget evaluation results by low loss and high loss respectively.
 Based on given proposals, initial building penetration margin and SD results are calculated as Table 4 which is recommended to be applied to link budget calculation. 
Furthermore, to address penetration effects in shadow fading margin calculation, effective fading SD is proposed.
Proposal 5: Effective fading SD integrating shadow fading and penetration effect can be calculated by root-square method. The effective SD will further be used to calculate shadow fading margin for link budget.
According to Proposal 5, effective fading SD results for test environments of InH-eMBB, Dense Urban-eMBB, Rural-eMBB, Urban Macro-mMTC and Urban Macro-URLLC are presented in Table 5-9.  Effective fading SD will be further applied in the companion document [4] for shadow fading margin calculation. 
We can have the following observations for penetration margin, penetration SD and effective SD:
Observation 1: For test environments of Dense Urban-eMBB and Urban Macro-mMTC, different simplification methods for high/low loss types for channel model B and A when >6GHz will result in different building penetration margin and SD.
Observation 2: For O2I case of Dense Urban-eMBB and Urban Macro-mMTC, different simplification methods for high/low loss types for channel model B and A when >6GHz will result in different effective SD because of differences in penetration SD.
Observation 3: Effective SD of different test environments are different mainly due to their evaluation configuration, channel model A or B, and selected method for low/high penetration loss.
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