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1 Introduction
In the last meeting [1] was presented, it discussed the minimum reference sensitivity and the reference sensitivity metrics and how they may be applied to an all AAS specification.
In the contribution [2] the issue of OTA blocker levels was further investigated and it seems inevitable that an equivalent UL gain is required in order to find appropriate OTA blocking levels. This being the case it would seem sensible to use the same gain figure to set minimum sensitivity requirements.

This contribution presents the methodologies which have previously been discussed in [3] and suggests how they may be applied to derive a minimum sensitivity requirement OTA.

2 Discussion

The discussion presented here investigates how to derive a minimum OTA sensitivity requirement based on the existing conducted requirements and the receiver OSDD declarations. It is also an option to use the existing OTA EIS requirement based on declarations alone as a requirement. This option remains open as other options are investigated below.
2.1 Rel13 OTA sensitivity requirement

The current sensitivity requirement for REL13 uses declarations to seta RoAoA over which a declared minimum EIS can be achieved. The EIS is evaluated using the same throughput (or BER) requirements currently used for the conducted reference sensitivity.

The set of declarations which are made for each RoAoA and EIS value are grouped in an entity called an OSDD (OTA sensitivity directions declaration).

The declarations are slightly complicated by capturing if the system has the ability to redirect the RoAoA in a way that is not instantaneous (i.e. RET system). However for the purposes of this discussion this can be ignored as the complication is already solved in the REL13 declarations.

The declarations used to achieve this are as follows:
	D10.1
	OSDD identifier
	A unique identifier  for the OSDD

Declared for every OSDD

	D10.2
	OSDD operating band support
	Operating band supported by the OSDD, declared for every OSDD. 

Note. As each OSDD has a declared EIS value, multiple operating band can be only be declared if they have the same EIS declaration.

	D10.3
	OSDD RAT support
	RAT(s) supported by the OSDD for each supported operating band, declared for every OSDD.

Note. If the OSDD supports multiple RAT’s with different EIS value if all other parameters are the same then different EIS values for different RATS and signal BW’s may be declared for an OSDD. 

	D10.4
	OTA sensitivity E-UTRA supported channel BW  
	The E-UTRA signal BW’s supported by each OSDD.

	D10.5
	Redirection of receiver target support
	Ability to redirect the receiver target related to the OSDD

	D10.6
	Minimum EIS
	The  minimum EIS requirement  (i.e. maximum allowable EIS value) applicable to all sensitivity RoAoA in the OSDD

Declared for every supported RAT and E-UTRA supported channel BW  for the OSDD.

Declared per OSDD

If the AAS BS is not capable of redirecting the receiver target related to the OSDD then there is only 1 RoAoA applicable to the OSDD.

	D10.7
	Receiver target reference direction Sensitivity Range of Angle of Arrival
	The sensitivity RoAoA associated with the receiver target reference direction (D10.9) for each OSDD.

	D10.8
	receiver target redirection range
	For each OSDD the associated  union of all the sensitivity RoAoA achievable through redirecting the receiver target related to the OSDD 

	D10.9
	receiver target reference direction
	For each OSDD an associated direction inside the receiver target redirection range (D10.8) . For an OSDD without receiver target redirection range, this is a direction inside the sensitivity RoAoA.

	D10.10
	Conformance test directions sensitivity RoAoA
	For each OSDD that includes a receiver target redirection range, 4 sensitivity RoAoA comprising the conformance test directions (D10.11).

	D10.11
	Conformance test directions
	For each OSDD 4 conformance test directions.

If the OSDD includes a receiver target redirection range the following 4 directions

The direction determined by the maximum φ value achievable inside the receiver target redirection range maintaining the receiver target reference direction θ value.

The direction determined by the minimum φ value achievable inside the receiver target redirection range maintaining the receiver target reference direction θ value.

The direction determined by the maximum θ value achievable inside the receiver target redirection range maintaining the receiver target reference direction φ value.

The direction determined by the minimum θ value achievable inside the receiver target redirection range maintaining the receiver target reference direction φ value.

If an OSDD does not include a receiver target redirection range the following 4 directions:

The direction determined by the maximum φ value achievable inside the sensitivity RoAoA maintaining the receiver target reference direction θ value.

The direction determined by the minimum φ value achievable inside the sensitivity RoAoA maintaining the receiver target reference direction θ value.

The direction determined by the maximum θ value achievable inside the sensitivity RoAoA maintaining the receiver target reference direction φ value.

The direction determined by the minimum θ value achievable inside the sensitivity RoAoA maintaining the receiver target reference direction φ value.


An example of a OSDD is given in [4] as follows:
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Figure 7.3.3-1: OSDD without target redirection capability.
An example set of declarations for such an OSDD is:

	D10.1
	OSDD identifier
	OSDD1 (can be anything)

	D10.2
	OSDD operating band support
	Band 1

	D10.3
	OSDD RAT support
	E-UTRA 

	D10.4
	OTA sensitivity E-UTRA supported channel BW  
	5, 10, 20MHz

	D10.5
	Redirection of receiver target support
	No

	D10.6
	Minimum EIS
	-120dBm

	D10.7
	Receiver target reference direction Sensitivity Range of Angle of Arrival
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	D10.8
	receiver target redirection range
	AS D10.7 

	D10.9
	receiver target reference direction
	(-15,-15)

	D10.10
	Conformance test directions sensitivity RoAoA
	(-8,-15), (-22,-15), (-15,-35), (5,-15)

	D10.11
	Conformance test directions
	As D10.10


To show compliance for this OSDD, the throughput requirement must be demonstrated at -120dBm (declared value) at the reference direction and the 4 conformance directions.

2.2 Estimating a minimum Sensitivity level
In [3] the following method was suggested 
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An effective antenna gain figure is calculated from 3 figures:

· Effective antenna loss : Figure covers RDN loss, distribution loss inside RDN+AA and antenna element efficiency

· Directivity variation margin: Covers directivity estimate errors and  antenna implementation margin. 
· Antenna directivity: estimated from the RoAoA declarations
The effective antenna gain can then be added to the current conducted reference sensitivity value (-101.5dBm in the example being used)
The Effective antenna loss and the Directivity variation margin will be fixed agreed upon values. It is anticipated these may be difficult to agree however reasonable losses must be allowed for to enable designs not to be to constricted whilst the values should not be to low so as to allow for poor performance. It must also be remembered that these figures represent a minimum performance and as such the vendors are free to exceed them is the implementation allows.

Effective antenna loss

Effective antenna loss including RDN and distribution, and antenna element efficiency
Currently in the antenna assumptions we make:


Losses are 1-2dB (2dB for non-AAS, 1dB for AAS). Use 1dB for example.
Radiation efficiency – we used 8dB for a 65°/65° element, this has 9.83dB directivity (when beam pattern is integrated) so efficiency assumption is -1.93dB (approx 65%).

A reasonable effective antenna loss figure is therefore 1dB + 1.93dB = 2.93dB.

Directivity variation margin

Directivity variation margin is to allow for pointing errors in the AAS, this may not be large and can be evaluated by simulation however for the purposes of example let’s assume it’s 0.5dB

Antenna directivity

The correct way of finding the directivity is to measure the antenna pattern and integrate over the sphere, however this is not a simple task with an AAS and if mandatory would make test very difficult. There are a number of algorithms which can estimate directivity from beam widths the accuracy of these algorithms was investigated in [5]
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The best model for the range of beam widths we consider for AAS is the 36000+ model:
 
D = 10*log10(36000/( θBW*φBW)+0.3) 
Using the example in this paper
θBW = 14°

φBW = 30°
D = 10*log10(36000/( 14*30)+0.3) =19.3dBi
Minimum EIS limit
Using the examples above the minimum EIS limit for the OSDD is:


Min WIS = Conducted Ref sens value + Effective antenna loss + Directivity Variation margin – Directivity 


Min WIS = -101.5 + 2.93 + 0.5 – 19.3 = -117.57dBm

The figure of -120dBm declared is lower than the minimum required figure and hence is would be acceptable.
3 Summary
The issue of an OTA minimum sensitivity requirement has been re-addressed and a means for calculating a sensible minimum EIS limit has been presented.
The method has the advantage that it uses only the information which is already declared n the REL13 declarations and requires no additional measurements over those in rel13.

Example figures for effective antenna loss and directivity variation margin have been given based on assumptions made in the REL13 work. Currently the values presented are fir the purposes of showing a worked example only. More wprk will be needed to fix these values if this method is adopted.
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