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1. [bookmark: OLE_LINK156][bookmark: OLE_LINK157]Introduction 
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]As the link budget evaluation methodology discussed in the companion document [1], shadow fading margin is needed to calculate maximum available path loss. According to [2], shadow fading margin can be calculated by path loss model slope, shadow fading standard deviation (SD), and target area coverage reliability (ACR). Moreover, different penetration losses should be taken into account for different scenarios according to the assumptions in Report ITU-R M.2412 [3]. In this document, we discuss the relative issues and feasible solutions for shadow fading margin calculation. 
2. Discussion
2.1 Effective fading SD
As discussed above, penetration effect should be taken into account for shadow fading margin calculation. To jointly consider shadow fading effect and penetration effect, root-square method in [5] is proposed to derive the effective SD which will be further applied for shadow fading margin calculation:
Effective SD_shadowfading&penetrationloss = sqrt(SDshadowfading2+ SDPenetration loss2),                              (1)
Effective SD results calculated by root-square method for test environments of InH-eMBB, Dense Urban-eMBB, Rural-eMBB, Urban Macro-mMTC and Urban Macro-URLLC are listed in Table 5-9 in the companion document [4].
2.2 Path loss slope for shadow fading margin
For the shadow fading margin calculation for different test environments, the slope of path loss model with respect of log(d) needs to be given first. Referring to TableA1-1 [3], we use the same simplified channel model  descriptions for different test environments: InH_A and InH_B as channel model A and B for InH-eMBB, Uma_A, Uma_B as channel model A and B for Dense Urban-eMBB (macro layer), Urban Macro-mMTC and Urban Macro-URLLC, Rma_A and Rma_B as channel model A and B for RuraL-eMBB(macro layer). In order to derive path loss slopes, the relative issues are listed as follows considering new channel models compared with that used for IMT-advanced:
Issue 1: In the case of LOS, for Uma_A, Uma_B, Rma_A, Rma_B, path loss is selected from PL1 and PL2 according to the relationship of d2D and dBreakpoint respectively according to its path loss model. If d2D≤dBreakpoint, PL1 is used and otherwise PL2 is selected.  Hence, two path loss slopes are possible no matter which channel model is applied. 
For LOS case of Uma_A, Uma_B, Rma_A, Rma_B, a breakpoint inferring the threshold of different propagation properties divides path loss calculation into two parts based on the relationship of d2D (UE-to-eNB 2D distance) and dBreakpoint (breakpoint distance).  It leads to uncertain path loss slope for shadow fading margin calculation. To get a reasonable cell range and coverage result, the following solution can be an efficient method: 
Proposal 1: Shadow fading margin of PL1 and PL2 are both calculated, i.e. margin1 and margin2. And the two margins are applied in link budget evaluation to derive two maximum ranges, denoted as range1 and range2. The final decision is made by comparing range1, range2 and dBreakpoint. If max(range1, range2)< dBreakpoint, which means that the edge UE is always nearer than the breakpoint, the final maximum range is range1. Otherwise, the edge UE may locate outside dBreakpoint and it may be more reasonable to determine the maximum range as range2. 
Issue 2: In the case of LOS O2I, for Dense Urban-eMBB, the breakpoint distance dBreakpoint is uncertain and its value depends UE height and efficient environment height, denoted as hUT and hE respectively, where hUT and hE are random distributed due to UE vertical distribution. 
 dBreakpoint is easy to obtain for Rural-eMBB, Urban Macro-mMTC, Urban Macro-URLLC and outdoor UEs of Dense Urban-eMBB. However, dBreakpoint simplification for O2I UEs of Dense Urban-eMBB environment needs to be discussed. According to evaluation configurations in [3], hUT ranges from 1.5m to 22.5m and hE can be selected from a set of discontinuous values (option values and probabilities depend on UE height hUT and d2D). Selection of appropriate values for hUT and hE is a way to simplify the calculation of dBreakpoint. Note that it is not precluded to consider any alternative simplification if more effective.
By the mentioned simplification, set hE=1m (just like outdoor UEs) and hUT=9m (average of all possible hUT, calculated by indoor UE height ranges and corresponding possibilities). However, it may loss the distribution features of dBreakpoint.
An alternative is to consider hUT <13m and hUT ≥13m separately: 
· hUT <13m with probability P(hUT<13m) = 70.76%
In this case, hE always equals 1m. There are three possible options to decide the applied path loss model to link budget calculation:
Option 1: Average dBreakpoint with average hUT=3.8m for hUT <13m: ;
Option 2: Minimal dBreakpoint with minimal hUT =1.5m for hUT <13m: ;
Option 3: Maximal dBreakpoint with maximal hUT =10.5m for hUT <13m: .
Average, minimum and maximum dBreakpoint are listed as follows. 
Table 1: Average, minimum and maximum dBreakpoint when hUT <13m under LOS,O2I of Dense Urban-eMBB
	
	average dBreakpoint
	minimum dBreakpoint
	maximum dBreakpoint

	hE
	1m
	1m
	1m

	hUT
	3.8m
	1.5m
	10.5m

	dBreakpoint @4GHz
	3584m
	640m
	12160m

	dBreakpoint @30GHz
	26880m
	4800m
	91200m


· hUT ≥13m with probability P(hUT≥13m) = 29.24%:
Similarly, there are three options:
Option 1: Average dBreakpoint with average hUT =16.26m and hE= 14.76m;
Option 2: Minimal dBreakpoint with  hUT=22.5m, and hE =21m
Option 3: Maximal dBreakpoint hUT=22.5m, and hE =1m
Average, minimum and maximum dBreakpoint are listed as follows:
Table 2: Average, minimum and maximum dBreakpoint when hUT ≥13m under LOS,O2I of Dense Urban-eMBB
	
	average dBreakpoint
	minimum dBreakpoint
	maximum dBreakpoint

	hE
	14.76m
	21m
	1m

	hUT
	16.26m
	22.5m
	22.5m

	dBreakpoint @4GHz
	820m
	320m
	27520m

	dBreakpoint @30GHz
	6144m
	2400m
	206400m



According to Table 1 and Table 2, there is a large gap between maximal and minimal dBreakpoint, indicating that breakpoint properties may be greatly different for different UEs. The average value may be more proper to reflect breakpoint properties of most possible situations. With respective average dBreakpoint for hUT <13m and hUT ≥13m, final average dBreakpoint can be calculated by: 
dBreakpoint = dBreakpoint (hUT <13m) * P(hUT<13m) + dBreakpoint (hUT ≥13m) * P(hUT ≥13m)                  (2)
 By this way, the  average dBreakpoint for O2I LOS case of Dense Urban-eMBB environment is 2775.8m for 4GHz and 20811.4m for 30GHz.
The breakpoint distance dBreakpoint for LOS cases of Dense Urban-eMBB, Rural-eMBB, Urban Macro-mMTC and Urban Macro-URLLC environments are summarized as follow:
Table 3:  Breakpoint distance dBreakpoint for LOS cases of Dense Urban-eMBB, Rural-eMBB, Urban Macro-mMTC and Urban Macro-URLLC environments
	Evaluation configuration
	Dense Urban-eMBB
	Rural-eMBB
	Urban Macro-mMTC
	Urban Macro-URLLC

	Config. A
	Outdoor: 640m
O2I average: 2775.8m
	769.69m
	112m
	112m

	Config. B
	Outdoor: 4800m
O2I average: 20811.4m
	4398.23m
	112m
	640m



Proposal 2: Breakingpoints applied to achieve path loss slope for shadow fading margin in Table 3 are suggested.
Issue 3: In the case of LOS, for Rma_A and Rma_B, the path loss model PL1 for d2D≤dBreakpoint  cannot simply be expressed as “a*log(d)+b” due to the existence of linear component d where 
PL1 = 20log10(40d3Dfc/3)+min(0.03h1.72,10)log10(d3D)-min(0.044h1.72,14.77)+0.002log10(h) d              (3)
Proposal 3: In the case of LOS, for Rma_A and Rma_B , in order to get the simplified path loss slope, the latter three parts of the PL1 model can be neglected since they are small compared with the first part of PL1 model. Then formula (3) is transformed into PL1 = 20log10(40d3Dfc/3). 
 Issue 4: In the case of NLOS, for InH_B, InH_A when>6GHz, Uma_A, Uma_B and Rma_B, the path loss is expressed as the maximum of two path loss values: PLNLOS = max(PLLOS, PL’NLOS). Thus, it is not sure the final path loss slope is the slope of PLLOS or PL’NLOS. 
One solution could be selection on a lower margin considering two slopes, providing optimistic link budget evaluation or both higher and lower margins correspondingly can be provided for submission. Moreover, for Uma_A, Uma_B and Rma_B, marginLOS is further related to breakpoint issues and two path loss models, i.e. PL1 and PL2. Solutions discussed in Proposal 1-3 are applied first to determine marginLOS for Uma_A, Uma_B and Rma_B. 
Proposal 4: A lower margin is adopted by comparing two shadow fading margins based on slopes of PLLOS and PL’NLOS. An alternative is to submit both link budget evaluations based on lower and higher margins.
3. Initial results for shadow fading margin
Based on proposals in the previous section, initial shadow fading margin results can be obtained for test environments of InH-eMBB, Dense Urban-eMBB, Rural-eMBB, Urban Macro-mMTC and Urban Macro-URLLC. Note that shadow fading margin is dependent on Area Coverage Reliability (ACR) which is a target item in link budget template [6]. Generally, 90% ACR is considered for data channel while 95% ACR for control channel in link budget evaluation. Shadow fading margin results for 95% and 90% ACR are discussed in the following.
3.1 InH-eMBB
Two shadow fading margins are calculated according to PLInH-LOS and PL’InH-NLOS and the lower margin is selected as marginInH-LOS. Shadow fading margin results for InH-eMBB Config. A and B are summarized in Table 4.
Table 4: shadow fading margin for InH-eMBB 
	Test environment
	State
	Evaluation configuration
	Channel Model
	Shadow fading margin for 95% ACR [dB]
	Shadow fading margin for 90% ACR [dB]

	InH-eMBB
	LOS
	Config. A
	A≤6GHz
	2.98
	1.72

	
	
	
	B
	2.96
	1.69

	
	
	Config. B
	A>6GHz&B
	2.96
	1.69

	
	NLOS
	Config. A
	A≤6GHz
	2.80 
	0.91 

	
	
	
	B
	8.50 
	5.17 

	
	
	Config. B
	A>6GHz&B
	8.50 
	5.17 



Observation 1: For InH-eMBB, shadow fading margins are different when different channel models (A or B) adopted when carrier frequency is below 6GHz.
3.2 Dense Urban-eMBB
Issues 1-4 are all related to shadow fading margin calculation for Dense Urban-eMBB environment. Shadow fading margin results for Dense Urban-eMBB Config. A and B are summarized in Table 5. Effective SD adopted in the following calculation is based on proposal 2, 3 and 4a in the companion document [4], where average penetration SD with respect to various penetration types is considered for channel model A when >6GHz model B. 
Table 5: Shadow fading margin for Dense Urban-eMBB
	
	Margin1 for d2D≤dBreakpoint
	Margin2 for d2D>dBreakpoint

	Test environment
	State
	Evaluation configuration
	Channel Model
	Shadow fading margin for 95% ACR [dB]
	Shadow fading margin for 90% ACR [dB]
	Shadow fading margin for 95% ACR [dB]
	Shadow fading margin for 90% ACR [dB]

	Dense Urban-eMBB
	O2I-LOS
	Config. A
	A≤6GHz
	8.4
	5.64
	6.88
	3.98

	
	
	
	B
	10.75
	7.43
	9.04
	5.6

	
	
	Config. B
	A>6GHz
&B
	10.75
	7.43
	9.04
	5.6

	
	O2I-NLOS
	Config. A
	A≤6GHz
	6.93
	4.02
	6.9
	3.98

	
	
	
	B
	9.15
	5.65
	9.04
	5.6

	
	
	Config. B
	A>6GHz
&B
	9.15
	5.65
	9.04
	5.6

	
	Outdoor (in car)-LOS
	Config. A
	A≤6GHz
	7.49
	4.94
	6.11
	3.36

	
	
	
	B
	7.49
	4.94
	6.11
	3.36

	
	
	Config. B
	A>6GHz
&B
	7.49
	4.94
	6.11
	3.36

	
	Outdoor (in car)
-NLOS
	Config. A
	A≤6GHz
	8.09
	4.9
	8.03
	4.79

	
	
	
	B
	8.09
	4.9
	8.03
	4.79

	
	
	Config. B
	A>6GHz
&B
	8.09
	4.9
	8.03
	4.79



Observation 2: For Dense Urban-eMBB, shadow fading margins are different when different channel models (A or B) adopted when carrier frequency is below 6GHz. 
Observation 3: The margin used to link budget calculation needs further comparison between coverages calculated by margin1 and margin 2 while it can be observed margin 2 is always the smaller value. 
3.3 Rural-eMBB
Shadow fading margin results for Rural-eMBB Config. A and B are summarized in Table 6. Effective SD adopted in the following calculation is based on proposal 2 and 3 in the companion document the companion document [4]. Note that the only difference between shadow fading margin results for Config.A and Config.B is the breakpoint distance: dBreakpoint = 769.69m for Config.A and dBreakpoint = 4398.23m for Config. B. 
Table 6: Shadow fading margin results for Rural-eMBB
	
	Margin1 for d2D≤dBreakpoint
	Margin2 for d2D>dBreakpoint

	Test environment
	State
	Evaluation configuration
	Channel Model
	Shadow fading margin for 95% ACR [dB]
	Shadow fading margin for 90% ACR [dB]
	Shadow fading margin for 95% ACR [dB]
	Shadow fading margin for 90% ACR [dB]

	Rural-eMBB
	O2I-LOS
	Config. A&B
	A≤6GHz
	10.12
	7.02
	8.29
	5.02

	
	
	
	B
	11.91
	8.36
	9.9
	6.19

	
	O2I-NLOS
	Config. A&B
	A≤6GHz
	8.40 
	5.15 
	8.29 
	5.00 

	
	
	
	B
	10.07 
	6.33 
	9.90 
	6.19 

	
	Outdoor (in car)-LOS
	Config. A&B
	A≤6GHz
	7.65
	5.16
	8.06
	4.79

	
	
	
	B
	7.65
	5.16
	8.06
	4.79

	
	Outdoor (in car)-NLOS
	Config. A&B
	A≤6GHz
	12.36
	8.74
	10.41
	6.54

	
	
	
	B
	10.45 
	6.66 
	10.41 
	6.54 



Observation 3: For Rural-eMBB environment, shadow fading margins are different when different channel models (A or B) adopted.
Observation 4: For Rural -eMBB environment, carrier frequency (from configuration A, B – i.e. 700MHz, 4GHz) has no impact on shadow fading margin results for both “d2D≤dBreakpoint” and “d2D>dBreakpoint” cases, while it impacts the final shadow fading margin result by determining the value of break point distance dBreakpoint  which is applied in Proposal 1. 
3.4 Urban Macro-mMTC
Shadow fading margin results for Urban Maco-mMTC Config. A and B are summarized in Table 7. Effective SD adopted in the following calculation is based on proposal 2, 3 and 4a in the companion document [4], where average penetration SD with respect to various penetration types is considered for channel model A when >6GHz model B. 
Table 7: Shadow fading margin results for Urban Macro-mMTC
	
	
	
	
	Margin1 for d2D≤dBreakpoint
	Margin2 for d2D>dBreakpoint

	Test environment
	State
	Evaluation configuration
	Channel Model
	Shadow fading margin for 95% ACR [dB]
	Shadow fading margin for 90% ACR [dB]
	Shadow fading margin for 95% ACR [dB]
	Shadow fading margin for 90% ACR [dB]

	Urban Macro-mMTC
	O2I-LOS
	Config. A&B
	A≤6GHz
	8.37
	5.64
	6.88
	3.98

	
	
	
	B
	10.75
	7.43
	9.04
	5.6

	
	O2I-NLOS
	Config. A&B
	A≤6GHz
	6.93
	4.02
	6.88
	3.98

	
	
	
	B
	9.15
	5.65
	9.04
	5.6

	
	Outdoor-LOS
	Config. A&B
	A≤6GHz
	4.01
	2.33
	2.96
	1.12

	
	
	
	B
	4.01
	2.33
	2.96
	1.12

	
	Outdoor-NLOS
	Config. A&B
	A≤6GHz
	5.58
	3.01
	5.54
	2.98

	
	
	
	B
	5.58
	3.01
	5.54
	2.98



Observation 5: For Urban Macro-mMTC environment, shadow fading margins are different when different channel models(A or B) adopted.
3.5 Urban Macro-URLLC
Shadow fading margin results for Urban Maco-URLLC Config. A and B are summarized in Table 8. Effective SD adopted in the following calculation is based on proposal 1 and 3 in the companion document [4]. Note that the only difference between shadow fading margin results for Config.A and Config.B is dBreakpoint: dBreakpoint = 112m for Config.A and dBreakpoint = 640m for Config. B.
Table 8: Shadow fading margin results for Urban Macro-URLLC
	
	Margin1 for d2D≤dBreakpoint
	Margin2 for d2D>dBreakpoint

	Test environment
	State
	Evaluation configuration
	Channel Model
	Shadow fading margin for 95% ACR [dB]
	Shadow fading margin for 90% ACR [dB]
	Shadow fading margin for 95% ACR [dB]
	Shadow fading margin for 90% ACR [dB]

	Urban Macro-URLLC
	O2I-LOS
	Config. A&B
	A≤6GHz
	8.37
	5.64
	6.88
	3.98

	
	
	
	B
	10.32
	7.11
	8.71
	5.29

	
	O2I-NLOS
	Config. A&B
	A≤6GHz
	6.93
	4.02
	6.88 
	3.98 

	
	
	
	B
	8.78 
	5.37 
	8.71 
	5.29 

	
	Outdoor-LOS
	Config. A&B
	A≤6GHz
	4.01
	2.33
	2.96
	1.12

	
	
	
	B
	4.01
	2.33
	2.96
	1.12

	
	Outdoor-NLOS
	Config. A&B
	A≤6GHz
	5.58 
	3.01 
	5.54 
	2.98 

	
	
	
	B
	5.58 
	3.01 
	5.54 
	2.98 



Observation 6: For Urban Macro-URLLC environment, shadow fading margins are different when different channel models (A or B) adopted.
Observation 7: For Urban Macro-URLLC environment, carrier frequency (from configuration A, B – i.e. 700MHz, 4GHz) has no impact on shadow fading margin results for both “d2D≤dBreakpoint” and “d2D>dBreakpoint” cases, while it impacts the final shadow fading margin result by determining the value of break point distance dBreakpoint  which is applied in Proposal 1.
4. Conclusion 
In this document, shadow fading margin calculation is discussed. Effective fading SD is used by by integrating shadow fading SD and penetration SD. Relative issues for path loss slope determination considering new channel models compared with that used for IMT-advanced are discussed and feasible solutions are proposed as follows:
Proposal 1: Shadow fading margin of PL1 and PL2 are both calculated, i.e. margin1 and margin2. And the two margins are applied in link budget evaluation to derive two maximum ranges, denoted as range1 and range2. The final decision is made by comparing range1, range2 and dBreakpoint. If max(range1, range2)< dBreakpoint, which means that the edge UE is always nearer than the breakpoint, the final maximum range is range1. Otherwise, the edge UE may locate outside dBreakpoint and it may be more reasonable to determine the maximum range as range2. 
Proposal 2: Breakingpoints applied to achieve path loss slope for shadow fading margin in Table 3 are suggested.
Proposal 3: In the case of LOS, for Rma_A and Rma_B , in order to get the simplified path loss slope, the latter three parts of the PL1 model can be neglected since they are small compared with the first part of PL1 model. Then formula (3) is transformed into PL1 = 20log10(40d3Dfc/3). 
Proposal 4: A lower margin is adopted by comparing two shadow fading margins based on slopes of PLLOS and PL’NLOS. An alternative is to submit both link budget evaluations based on lower and higher margins
Initial shadow fading margin results based on those proposals are given in Table 4-8 for test environments of InH-eMBB, Dense Urban-eMBB, Rural-eMBB, Urban Macro-mMTC and Urban Macro-URLLC. The following observations are derived:
Observation 1: For InH-eMBB, shadow fading margins are different when different channel models adopted when carrier frequency is below 6GHz.
Observation 2: For Dense Urban-eMBB, shadow fading margins are different when different channel models adopted when carrier frequency is below 6GHz. 
Observation 3: The margin used to link budget calculation needs further comparison between coverages calculated by margin1 and margin 2 while it can be observed margin 2 is always the smaller value.
Observation 4: For Rural -eMBB environment, carrier frequency (from configuration A, B – i.e. 700MHz, 4GHz) has no impact on shadow fading margin results for both “d2D≤dBreakpoint” and “d2D>dBreakpoint” cases, while it impacts the final shadow fading margin result by determining the value of break point distance dBreakpoint  which is applied in Proposal 1. 
Observation 5: For Urban Maco-mMTC environment, shadow fading margins are different when different channel models adopted.
Observation 6: For Urban Macro-URLLC environment, shadow fading margins are different when different channel models adopted.
Observation 7: For Urban Macro-URLLC environment, carrier frequency (from configuration A, B – i.e. 700MHz, 4GHz) has no impact on shadow fading margin results for both “d2D≤dBreakpoint” and “d2D>dBreakpoint” cases, while it impacts the final shadow fading margin result by determining the value of break point distance dBreakpoint  which is applied in Proposal 1.
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