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1. Introduction

At the RAN4 meeting in Reno (RAN4#81bis) and meetings before that the procedure related to how to define a minimum requirement level for OTA sensitivity have been extensively discussed. 
The essential part of the discussion is to what granularity the minimum requirement level should be coupled to manufacturers declaration. Traditionally the minimum requirements in RAN4 is fixed at a certain level, which is seen as the minimum level required to comply to a 3GPP specification. Previously the concept of base station classes has been used to differentiate between different deployment scenarios, however for OTA requirements, such as OTA sensitivity the wide area base station classification may not fit all possible wide area deployments from a spatial perspective (3-sector, 6-sector or any other wide are deployment). 
The discussion at last meeting ended up in a way-forward [1] with the essentials listed below:

Agreements:

1. For the purpose of setting minimum OTA sensitivity, the coverage pattern of a non-AAS with a similar coverage pattern to the AAS is assumed. 
2. Minimum EIS level is calculated as:


[image: image1.wmf]peak

off

refsens

D

L

D

P

EIS

-

+

+

-

=

min

, where Prefsens is the conducted sensitivity level specified in TS 37.105, sub-clause X.X, D is the estimated antenna directivity of a non AAS base station which has a beam pattern related to the AAS base station range of angles of arrival (that is part of the OSDD), L is a loss factor accounting for antenna losses and Doff-peak is a margin to allow coverage for the RoAoA other than just the peak direction.

Open issues:

1. The non-AAS antenna peak directivity to be used
2. Companies are encouraged to submit proposals for the next meeting addressing the following related open issues:

a. Should the non-AAS beam pattern used to derive D be linked to the RoAoA declarations.

b. What parameters bound the choice of non-AAS beam pattern, i.e. 3 dB beam width, 10 dB beam width or other…

c. The translation of equivalent non-AAS beam pattern to D to be done by either table or equation (e.g. Elliott formula).

d. If the declared RoAoA concept needs to be updated, e.g. define the difference in EIS in dB between reference direction and edge of the RoAoA.
e. Whether the loss factor, L, is dependent on BS class or not and what value should it be.

To simplify the work of deriving a minimum requirement level this paper is narrowing down the scope by focusing on a 3-sector wide area base station operating at 2 GHz. If adopted the procedure can later be used to derive requirement levels for required types of base stations (in terms of base station classes, deployments and frequencies)

This contribution continues the discussion and presents a general procedure on how to derive the minimum requirement level for OTA sensitivity. It expected that the base station will perform better than this level, especially at angles close to the boresight angle.  
2. Discussion

The OTA sensitivity requirement defined in TS 37.105 is defined based on OSDD describing the ranges of angles of arrivals for which the declared EIS is guaranteed. With this concept the requirement includes aspects other than receiver characteristics, such as antenna array characteristics. An example of array antenna characteristics of great importance deploying an AAS base station is the scan-loss.
In general, for any system the relation between EIS and conducted sensitivity is determined by the antenna gain and self-interference noise leaking into the antenna aperture. In the context of defining a minimum OTA sensitivity requirement level for base stations, parameters such as peak D directivity, antenna loss factor (including antenna efficiency, feeder loss, matching loss), L, off-peak directivity drop, Doff-peak, in declared RoAoA have been adopted as described in Figure 2-1. A challenge with the adopted model is that the parameters are not fixed for all deployments, base station class and frequencies.  
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Figure 2-1: Parameter dependence
According to earlier agreement the minimum requirement for an AAS base station should be equivalent with legacy base stations. Therefore, from now on parameters applicable for non-AAS base station is referred to in different 3GPP documents. 

The first parameter in the equation above is reference sensitivity for a single receiver. From TS 37.104, clause 7, it is clear that conducted reference sensitivity (Prefsens) depends on radio access technology, base station class and channel bandwidth. 
The second parameter is the passive antenna peak directivity. The peak directivity for a non-AAS base station depends on the deployment scenario with respect to frequency, ISD and degree of sectorization among other things. In general, higher directivity is needed to compensate for the larger propagation loss experienced at higher frequencies. From TR 36.942, some vital parameters assumed for E-UTRA co-existence can be found.
Instead of arguing on what directivity to use, we suggest to use information already used in co-existence studies and performance studies in 3GPP RAN. It is clear that RAN have focused on wide area 3-sector deployment when all current RF requirements was originally derived. Therefore, we should also focus on wide area 3-sector as the first minimum requirement to be defined. When the overall principle is established other deployments scenarios and base station classes will be included.
In fact, all information needed for wide area 3-sector deployment is already available as background information in TRs in RAN. To simplify the process of deriving a minimum OTA sensitivity requirement it is suggested to break down the work in smaller portions, e.g. select on frequency region and one deployment scenario and then apply the procedure described in Figure 2-2.
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Figure 2-2: Minimum EIS derivation procedure
The procedure is divided into 4 main stages, which will be further described in detail. 
2.1 A: Select frequency

It is reasonable to assume that the antenna gain on any base station will depend on operating frequency within 450 MHz to 3800 MHz. To manage the frequency domain, it is suggested to create three frequency regions according to Table 2-1.1.

Table 2.1-1: Frequency regions

	Frequency Range [MHz]
	Frequency Region

	450-1500
	LOW

	1500-2500
	MID

	2500-3800
	HIGH


The concept of creating frequency region is mapped to frequency bands applicable for AAS base stations in Table 2-1.2 for FDD and Table 2.1-3 for TDD.
Table 2.1-2: Paired bands for FDD
	MSR Band number
	Uplink (UL) BS receive
UE transmit
	Downlink (DL) BS transmit 
UE receive
	Region

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	MID

	2
	1850 MHz 
	–
	1910 MHz
	1930 MHz 
	–
	1990 MHz
	MID

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	MID

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	MID

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	LOW

	6
	830 MHz
	–
	840 MHz
	875 MHz 
	–
	885 MHz
	LOW

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	HIGH

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	LOW

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	MID

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	MID

	11
	1427.9 MHz 
	–
	1447.9 MHz
	1475.9 MHz  
	–
	1495.9 MHz
	LOW

	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	LOW

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	LOW

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	LOW

	15
	Reserved
	
	
	Reserved
	
	
	

	16
	Reserved
	
	
	Reserved
	
	
	

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	LOW

	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	LOW

	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	LOW

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	LOW

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	LOW

	22
	3410 MHz
	–
	3490 MHz
	3510 MHz
	–
	3590 MHz
	HIGH

	23
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	 MID

	24
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	 MID

	25
	1850 MHz
	–
	1915 MHz
	1930 MHz
	–
	1995 MHz
	MID

	26
	814 MHz
	–
	849 MHz
	859 MHz
	–
	894 MHz
	LOW

	27
	807 MHz
	–
	824 MHz
	852 MHz
	–
	869 MHz
	LOW 

	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	LOW 

	29
	N/A
	717 MHz
	–
	728 MHz
	LOW

	30
	2305 MHz
	–
	2315 MHz
	2350 MHz
	–
	2360 MHz
	 MID

	31
	452.5 MHz
	–
	457.5 MHz
	462.5 MHz
	–
	467.5 MHz
	 LOW

	32
	
	N/A
	
	1452 MHz
	–
	1496 MHz
	LOW

	64
	Reserved
	

	65
	1920 MHz
	–
	2010 MHz
	2110 MHz
	–
	2200 MHz
	MID

	66
	1710 MHz
	–
	1780 MHz
	2110 MHz
	–
	2200 MHz
	MID 

	67
	
	N/A
	
	738 MHz
	-
	758 MHz
	LOW

	68
	698 MHz
	–
	728 MHz
	753 MHz
	–
	783 MHz
	 LOW

	69
	N/A
	2570 MHz
	–
	2620 MHz
	HIGH

	70
	1695 MHz
	–
	1710 MHz
	1995 MHz
	–
	2020 MHz
	MID


Table 2.1-3: Unpaired bands for TDD
	MSR Band number
	Uplink (UL) BS receive
UE transmit
	Downlink (DL) BS transmit 
UE receive
	Region

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	MID

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	MID

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	MID

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	MID

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	MID

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	HIGH

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	MID

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	MID

	41
	2496 MHz 
	–
	2690 MHz
	2496 MHz 
	–
	2690 MHz
	HIGH

	42
	3400 MHz 
	–
	3600 MHz
	3400 MHz 
	–
	3600 MHz
	HIGH

	43
	3600 MHz 
	–
	3800 MHz
	3600 MHz 
	–
	3800 MHz
	HIGH

	44
	703 MHz 
	–
	803 MHz
	703 MHz 
	–
	803 MHz
	LOW

	45
	1447 MHz 
	–
	1467 MHz
	1447 MHz 
	–
	1467 MHz
	LOW

	48
	3550 MHz 
	–
	3700 MHz
	3550 MHz 
	–
	3700 MHz
	HIGH


As a starting point is suggested to focus on the MID frequency region.

2.2 B: Select deployment scenario 


Depending of expected deployment scenario, it is reasonable to believe that base station class and antenna parameters will be selected accordingly. 
Currently there are no association between base station class and antenna parameters in RAN specifications. However, in the background information captured in TRs it is clear that antenna parameters have been assumed when requirement was derived. 

Table 2.2-1: Deployment scenarios 

	Deployment scenario
	Description

	A
	Wide Area, 3-sector 

	B
	Wide Area,6-sector

	C
	Medium Range

	D
	Local Area

	E
	TBD


Deployment scenario A, is defined using background information in TR 36.942 and TR 36.814, which makes is a perfect candidate to focus on.
2.3 C: Determine non-AAS antenna parameters

In RAN co-existence and performance studies is very often based on macro 3-sector cell grid, other type of scenarios exists, but the focus is on macro 3-sector deployment.
Browsing through the RAN TRs antenna assumptions can be found in TR 36.942 (E-UTRA RF system scenarios) and TR 36.814 (Further advancements for E-UTRA physical layer aspects). Unfortunately, the information is spread out and not collected in a common document. Therefore, in this contribution a summary of an antenna parameters has been collected.

Source 1; TR 36.942

In TR 36.942, sub-clause 4.2.1 [2] background information on 3-sector horizontal radiation pattern is captured. Also peak gain at horizontal angle 0 degrees is given for 3-sector cells. Parameter interesting for derivation of OTA sensitivity minimum requirement level is captured in Table 2.3-1. 

Table 2.3-1: Source 1; TR 36.942 

	Parameter
	Value

	Antenna gain
	15 dBi

	Horizontal beamwidth
	65 degrees


Source 2; TR 36.814 

In TR 36.814, Annex A, Table A.2.1.1-2 [3] background information related to macro cell system simulation base line parameters is captured. Here a model for 3D antenna pattern can be found, with associated parameter assumptions. Parameters interesting for derivation of OTA sensitivity minimum requirement level is captured in Table 2.3-2. 

Table 2.3-2: Source 2; TR 36.814 

	Parameter
	Value

	Horizontal beamwidth
	70 degrees

	Vertical beamwidth
	10 degrees


Using the information in Table 2.3-2, the peak directivity for base station antennas can be calculated as:
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The calculated value is reasonable and in accordance with values found in technical data shipped with passive base station antennas used for 3-sector deployments. According to antenna theory the antenna gain is determined by the directivity and the efficiency. Combining the information from source 1 and source 2 the loss factor can be calculated as:
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The antenna loss, extracted from already used sources is reasonable and can be used deriving the EIS level.

Since the OTA requirement should be meet within the declared RoAoA,part of the OSDD concept the directivity will drop due to scan-loss at maximum angles along and  axis.. For a 3-sector deployment scenario the sector border is typically at -10 dB beam width corresponding to a 120 degrees wide sector, as visualised in Figure 2.3-1.
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Figure 2.3-1: Azimuth properties of a traditional 3-sector site

Therefore, it is reasonable to set Doff-peak to 10 dB for a wide area 3-sector deployment.
2.4 D: Calculate minimum EIS requirement level

Using parameter determined in section 2.3 applicable for a wide area 3-sector deployment operating at MID region frequencies the minimum EIS level can be calculated as:
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Using Prefsens from TS 36.104, sub-clause 7.2.1 values for minimum EIS can be calculated for all channel bandwidths. The minimum EIS levels for E-UTRA MID frequency region wide area 3-sector deployment is listed in Table 2.4-1.
Table 2.4-1: Wide Area 3-sector E-UTRA minimum requirement levels 
	Channel bandwidth

[MHz]
	Frequency region
	Minimum

EIS

level [dBm]

	1.4
	LOW
	

	
	MID
	-111.8

	
	HIGH
	

	3


	LOW
	

	
	MID
	-108.0

	
	HIGH
	

	5


	LOW
	

	
	MID
	-106.5

	
	HIGH
	

	10
	LOW
	

	
	MID
	-106.5

	
	HIGH
	

	15
	LOW
	

	
	MID
	-106.5

	
	HIGH
	

	20
	LOW
	

	
	MID
	-106.5

	
	HIGH
	


A similar table as Table 2.4-1 is required per RAT and deployment type. In this document the focus was to derive the minimum EIS level for one frequency region, deployment and RAT.
To complete the OTA sensitivity requirement in TS 37.105, sub-clause 10.2 with a fixed minimum requirement level as set of tables needs to be added holding the minimum requirement levels as function of RAT, frequency region and deployment type, as exemplified in Table 2.4-1.
3. Conclusion

In this contribution the procedure needed to derive a minimum EIS level for OTA sensitivity have been presented. The procedure consists of four step and the outcome is a table per RAT, frequency and deployment type.
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