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1. Introduction

Previously [1], we had presented UE to UE analysis for out of band blocking.  We had reviewed the history of the out of band blocking requirement, demonstrating that it’s origins are in 3G and Band 1, and that the requirement was derived using path loss assumptions for 1m at 2GHz. We further demonstrated that frequencies above 2GHz had max out of band blocking levels lower than -15dBm.  Consistent with our analysis, we proposed to keep the existing -15Bm max out of band blocking level up till 2690MHz, but relax it for yet higher frequencies to -20dBm.  We proposed this relaxation only for the 3.5GHz bands (B22, B42 and B43).  We now extend our UE max blocking level analysis to include small cell base-station to UE levels.
2. Discussion

Previously [1] detailed analysis was provided showing that the UE to UE max out of band blocking levels continue to drop monotonically with higher frequencies above 2GHz.  This was attributed to 1m path loss increasing as f^2, while UE antenna gains are expected to not vary significantly above 2 GHz.  Based on this analysis, we proposed to relax the max out of band blocking levels above 2690MHz to -20dBm for existing and future 3.5GHz bands.
We now analyze small-cell basestation power levels at the UE for 3.5GHz deployments.  We analyze the 3.5GHz small cell scenarios found in [2], using the path loss models found in [3].  We note that the path loss models found in [3] have a lower useful distance, and hence below this, our analysis assumes free space loss.  This is reasonable since at close distances, line of sight communication is likely.  We performed both deterministic analysis at min assumed separation for each scenario, and also a statistical analysis where we further extend the min separation all the way down to 1m.
Deterministic Analysis of 3.5GHz small-cell base-station levels
Reviewing the small cell deployment scenarios for 3.5GHz found in [2], we find 2 classes of deployments based on small cell base station baseline max power level. One type is an indoor hotspot scenario, where the base-station max power level is +24dBm, and the min distance assumed between base-station and UE is 3m.  Another type is based on outdoor cluster deployment where the base-station baseline max power level is +30dBm, and the min distance assumed between base-station and UE is 5m.  For both scenarios, the base-station antenna gain is assumed to be +5dBi.  Table 1 analyzes the max power at the UE for the min distance assumed in both scenarios, assuming free space loss at 3.4GHz and UE antenna gain of 0dBi (both worst case assumptions).

Table 1. Max 3.5GHz Small Cell base-station levels at UE for min assumed distance in each Scenario.

	Scenario
	Tx (dBm)
	Antenna (dBi)
	min path loss (dB)
	Max Level at UE (dBm)

	Indoor Hotspot
	24
	5
	-52.5
	-23.5

	Outdoor Cluster
	30
	5
	-57
	-22


From Table 1, we can see that the max level at the UE from small cell base-stations for the min assumed distance is below -20dBm for both types of scenarios.
Statistical Analysis of 3.5GHz small-cell base-station levels

We also performed a statistical analysis consistent with [2], but further extending the min distance to UE to 1m to be even more pessimistic. In particular, we selected two scenarios belonging to the two classes specified in Table 1, namely scenario 2a ([2], Appendix A.1.2) and scenario 3 ([2], Appendix A.1.5). The aim of this analysis was to cover the two possible small cell base stations max power levels. Below a list of the simulation assumptions for the analyzed scenarios (parameters not described in the table are the same as listed in [2]).
Table 2. Simulation assumptions for scenario 3 ([2] Appendix A.1.5)
	 
	Description

	Name
	Scenario 3 ([2], Appendix A.1.5)

	General Description
	Hotspot - no Macro cell

	Layout
	Hotspot as defined in ([2] Appendix A.1.5)

	Small Cell Total BS TX power (Ptotal per carrier)
	24dBm

	Distance-dependent path loss
	As described in [2] (Appendix A.1.5). For distances smaller than 3m free space propagation loss is assumed.

	Small Cell Antenna pattern
	2D Omni-directional is baseline; directional  antenna is not precluded

	Small Cell Antenna gain + connector loss
	5 dBi

	Antenna gain of UE
	0 dBi

	Number of small cells in hotspot
	2

	Number of UEs 
	20 (10 per small cell)

	UE dropping
	Randomly and uniformly distributed within the hotspot

	 Minimum distance (2D distance)
	Small cell-UE: 1m

	Methodology 
	For each simulation trials path loss between UEs and one of the two Small Cells (small cell aggressor) is recorded, CDF and CCDF is plot after sufficient statistics is collected. 


Table 3. Simulation assumptions for scenario 2a ([2] Appendix A.1.2)

	 
	Description

	Name
	Scenario 2a ([2], Appendix A.1.2)

	General Description
	Macro Deployment at 2GHz plus Small Cells gathered in clusters at 3.5GHz

	Layout
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Small Cell Total BS TX power (Ptotal per carrier)
	30 dBm

	Distance-dependent path loss
	As described in [2] (Appendix A.1.2). For distances smaller than 10m free space propagation loss is assumed.

	Small Cell Antenna pattern
	2D Omni-directional is baseline; directional  antenna is not precluded

	Small Cell Antenna gain + connector loss
	5 dBi

	Antenna gain of UE
	0 dBi

	Number of clusters/buildings per macro cell geographical area
	2

	Number of small cells per cluster
	4

	Number of small cells per Macro cell
	8

	Number of UEs 
	60 UEs per macro cell geographical area 

	UE dropping
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 1m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m

	
	cluster center-cluster center: 100m

	Methodology 
	For each simulation trials path loss between UEs and Small Cells belonging to the same cluster is recorded, CDF and CCDF is plot after sufficient statistics is collected 


Figure 1 and Figure 2 show the results for indoor hotspot scenario.
[image: image1.emf]-100 -90 -80 -70 -60 -50 -40 -30 -20 -10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

UE Rx Power Distribution - Pico Tx Power = 24dBm - Gpico = 5dBi

dBm

CDF


Figure 1:  CDF plot of Indoor Hotspot base-station power levels at the UE (1m min distance)
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Figure 2:  CCDF plot of Indoor Hotspot base-station power levels at the UE (1m min distance)
As we can see from the indoor hotspot results, the base-station power level at the UE is below -20dBm the vast majority of the time.  The complementary cumulative distribution function at -20dBm is extremely small (close to 10^-3).  Figures 3 and 4 show the results for the outdoor cluster scenario.
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Figure 3:  CDF plot of Outdoor Cluster base-station power levels at the UE (1m min distance)

[image: image4.emf]-140 -120 -100 -80 -60 -40 -20 0

10

-4

10

-3

10

-2

10

-1

10

0

dBm

CCDF

UE Rx Power Distribution -Pico Tx Power = 30dBm - Gpico = 5dBi


Figure 4:  CCDF plot of Outdoor Cluster base-station power levels at the UE (1m min distance)
We see for outdoor cluster scenario as well that the max input level at the UE is below -20dBm the vast majority of the time even with our very pessimistic assumption of 1m minimum distance (well below the assumed min of 5m for the scenario).  This further validates our max blocker proposal of -20dBm for 3.5GHz scenarios.
Proposal to modify out of band block blocking requirement
Tables 4,5 and 6 show one possibility on how to modify the existing out of band blocking requirement for Bands 22, 42 and 43 (and their CA combinations), consistent with our findings.
Table 4 (“Table 7.6.2.1-2: Out of band blocking” in 3GPP 36.101)
	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3
	Range 4

	
	PInterferer
	dBm
	-44
	-30
	-152
	-15

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44
	FInterferer (CW)
	MHz
	FDL_low -15 to

FDL_low -60 
	FDL_low -60 to

FDL_low -85 
	FDL_low -85 to 

1 MHz
	-

	
	
	
	FDL_high +15 to

FDL_high + 60 
	FDL_high +60 to

FDL_high +85 
	FDL_high +85 to

+12750 MHz
	-

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high

	NOTE 1:
For the UE which supports both Band 11 and Band 21 the out of blocking is FFS.
NOTE 2:
For Bands 22, 42, 43, and their non-contiguous intra-band CA combinations (e.g. CA_42A_42A), the power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2690 MHz.


Table 5 (“Table 7.6.2.1A-0: out-of-band blocking for inter-band carrier aggregation with one active uplink” in 3GPP 36.101)
	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	Pw
	dBm
	Table 7.6.2.1-1 for both component carriers

	Pinterferer
	dBm
	-44 + RIB,c
	-30 + RIB,c
	-155 + RIB,c

	Finterferer
(CW)
	MHz
	-60 < f – FDL_Low(1) < -15

or

-60 < f – FDL_Low(2) < -15

or

15 < f – FDL_High(1) < 60

or

15 < f – FDL_High(2) < 60
	-85 < f – FDL_Low(1) ≤ -60

or

-85 < f – FDL_Low(2) ≤ -60

or

60 ≤ f – FDL_High(1) < 85

or

60 ≤ f – FDL_High(2) < 85
	1 ≤ f ≤ FDL_Low(1) – 85

or

FDL_High(1) + 85 ≤ f

≤ FDL_Low(2) – 85

or 

FDL_High(2) + 85 ≤ f

≤ 12750

	NOTE 1:
FDL_Low(1) and FDL_High(1) denote the respective lower and upper frequency limits of the lower operating band, FDL_Low(2) and FDL_High(2) the respective lower and upper frequency limits of the upper operating band.

NOTE 2:
For FDL_Low(2) – FDL_High(1) < 145 MHz and FInterferer in FDL_High(1) < f < FDL_Low(2), FInterferer can be in both Range 1 and Range 2. Then the lower of the PInterferer applies.

NOTE 3:
For FDL_Low(1) – 15 MHz ≤ f ≤ FDL_High(1) + 15 MHz and FDL_Low(2) – 15 MHz ≤ f ≤ FDL_High(2) + 15 MHz the appropriate adjacent channel selectivity and in-band blocking in the respective subclauses 7.5.1A and 7.6.1.1A shall be applied.

NOTE 4:
RIB,c according to Table 7.3.1-1A applies when serving cell c is measured.
NOTE 5:   For inter-band CA combinations containing Bands 22, 42, or 43, the power level of the interferer (PInterferer) for Range 3 shall be modified to -20 + RIB,c dBm for FInterferer > 2690 MHz.


Table 6 (“Table 7.6.2.1A-2: Out of band blocking” in 3GPP 36.101)
	CA configuration
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3

	
	PInterferer
	dBm
	-44
	-30
	-151

	CA_1C, CA_3C, CA_7C , CA_38C, CA_40C, CA_41C, CA_40D, CA_42C
	FInterferer (CW)


	MHz


	FDL_low -15 to

FDL_low -60 
	FDL_low -60 to

FDL_low -85 
	FDL_low -85 to 

1 MHz

	
	
	
	FDL_high +15 to

FDL_high + 60 
	FDL_high +60 to

FDL_high +85 
	FDL_high +85 to

+12750 MHz

	NOTE 1:
For CA_42C, the power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2690 MHz.


3. Conclusion
Small Cell base-station to UE max blocker level is examined for 3.5GHz, which builds on our previously presented UE to UE max blocker level analysis.  Based on this additional analysis, a specific proposal to modify the max out of band blocking level  to -20dBm for interferer frequencies  > 2690MHz is presented for Band 22, 42 and 43 (the 3.5GHz bands) and their CA combinations.
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