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1 Introduction
The OTA sensitivity requirements for AAS BS have been discussed in the previous meetings. In the RAN4#75 AAS-AH meeting, [1] on OTA sensitivity was endorsed. This contribution clarifies the endorsed [1], and discusses some of the remaining open issues and test requirement for OTA sensitivity.
2 Discussions
In the endorsed contribution [1], the agreements on OTA sensitivity requirement are described as below;
====start of reference====

For minimum declarations:

1. The manufacturer shall declare an EIS value and a contiguous area (i.e. range of directions) that is intended as the “cell wide coverage” for which the OTA sensitivity requirement (The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in x.104) is met. 

2. Optionally, the manufacturer can also declare additional areas where EIS is equal to or better than the declared value in (1) above. Only one of these areas, or the area in bullet 1 can be “active” wholly at any time. OTA sensitivity requirement shall be met anywhere within the “active” area, but does not need to be able to meet for signals arriving from an “inactive” area. Such additional areas are allowed to overlap. 

3. It is not excluded that the manufacturer declares additional OTA sensitivity values and corresponding areas.

For the purpose of minimum and optional declaration, the following concept is agreed.
· “OTA Sensitivity Direction Ranges” (OSDR) can be used for the purpose of OTA sensitivity declaration where an OSDR consists of:

·  A declared EIS value, above which the OTA sensitivity throughput or BER requirement is met in the sensitivity RoAoA

· Redirection Range [shown as blue area in [3], [5], [6] and [7]]

· Sensitivity RoAoA(s) [orange area in [3], [5], [6] and [7]]
====end of reference====
Agreed way forwards are also described as below;
====start of reference====

· Further check AAS systems implementations and applications and see if there are any that are not covered and considered by these concepts.

· FFS how to declare the sensitivity RoAoA

· Declare the largest sensitivity RoAoA that may be positioned anywhere within the receiver redirection range

· Declare the size and shape of the sensitivity RoAoA at several significant positions within the receiver redirection range
· Others are not excluded.
====end of reference====
In the next sub-section, we share our understandings of the endorsed WF and clarify them.
2.1 Agreements on endorsed [1] and clarification
As minimum declarations for OTA sensitivity requirement, followings are endorsed.
====start of reference====
1. The manufacturer shall declare an EIS value and a contiguous area (i.e. range of directions) that is intended as the “cell wide coverage” for which the OTA sensitivity requirement (The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in x.104) is met. 

====end of reference====
In our understandings, “a contiguous area” means sensitivity RoAoA. Moreover, “cell wide coverage” means the service area provided by AAS BS even though it is not recognized and defined clearly. If our understandings are right, it is not appropriate to specify “cell wide coverage” as a standard specification for AAS BS because the interpretation of reasonable “cell wide coverage” seems to be different from operator to operator. Endorsed 1st bullet should be modified and clarified as below. Note that the specific difference between the original endorsed 1st bullet and the modified one are illustrated in Fig 1-1 and Fig 1-2.

1. The manufacturer shall declare an EIS value and a contiguous area (i.e. a sensitivity RoAoA) for which the OTA sensitivity requirement (The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in x.104) is met.
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Fig 1-1. Original 1st bullet
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Fig 1-2. Modified 1st bullet

====start of reference====
1. Optionally, the manufacturer can also declare additional areas where EIS is equal to or better than the declared value in (1) above. Only one of these areas, or the area in bullet 1 can be “active” wholly at any time. OTA sensitivity requirement shall be met anywhere within the “active” area, but does not need to be able to meet for signals arriving from an “inactive” area. Such additional areas are allowed to overlap. 

====end of reference====
From the 2nd bullet, the manufacturer can also declare additional areas (= sensitivity RoAoAs) in the same redirection range of the 1st bullet. However, the declaration of additional areas with different EIS values is not suitable since the 1st and 2nd bullets correspond to one OSDR, which consists of the declared EIS value. (And “better EIS” is not correct, larger or smaller EIS is correct.)  In other words, it is possible to be specified with the same EIS value in any additional area. The endorsed 2nd bullet should be modified and clarified as below. Note that the specific difference between the original endorsed 2st bullet and the modified one are illustrated in Fig 2-1 and Fig 2-2.
2. Optionally, the manufacturer can also declare additional areas (= sensitivity RoAoAs) with the same EIS value declared in (1) above. Only one of these areas, or the area in bullet 1 can be “active” wholly at any time. OTA sensitivity requirement shall be met anywhere within the “active” area, but does not need to be able to meet for signals arriving from an “inactive” area. Such additional areas are allowed to overlap.
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Fig 2-1. Original 2nd bullet
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Fig 2-2. Modified 2nd bullet

====start of reference====
2. It is not excluded that the manufacturer declares additional OTA sensitivity values and corresponding areas.

====end of reference====
The 3rd bullet is for additional OSDRs which are different from the 1st and 2nd bullet. For clarification, the endorsed 3rd bullet should be modified as below.

3. It is not excluded that the manufacturer declares additional EIS values and corresponding areas (mean “a contiguous area” in the 1st bullet and “additional areas” in the 2nd bullet) with different EIS values from the 1st bullet.
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Fig 3-1. Modified 3rd bullet

Proposal 1; Modify and clarify the endorsed agreements in [1] as below.

1. The manufacturer shall declare an EIS value and a contiguous area (i.e. a sensitivity RoAoA) for which the OTA sensitivity requirement (The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in x.104) is met.

2. Optionally, the manufacturer can also declare additional areas (= sensitivity RoAoAs) with the same EIS value declared in (1) above. Only one of these areas, or the area in bullet 1 can be “active” wholly at any time. OTA sensitivity requirement shall be met anywhere within the “active” area, but does not need to be able to meet for signals arriving from an “inactive” area. Such additional areas are allowed to overlap.

3. It is not excluded that the manufacturer declares additional EIS values and corresponding areas (mean “a contiguous area” in the 1st bullet and “additional areas” in the 2nd bullet) with different EIS values from the 1st bullet.

2.2 A declared EIS value
In this sub-section, we discuss the declared EIS value. From the endorsed [1], the manufacturer shall declare a mandatory EIS value and the optional EIS values. However, in our understanding, it would not be practically feasible to make the equivalent sensitivity requirement with that for non-AAS BS without defining the guideline of declared EIS value.
In the current non-AAS specification (TS36.104), minimum requirement for conducted reference sensitivity is defined that “the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel with REFSENS (e.g. -101.5dBm for wide area BS with 20MHz channel bandwidth)”. As you can see, REFSENS level is specified based on the specific BS class and channel bandwidth. Therefore the declared EIS value and its conditions should be defined as the value and the conditions corresponding to the non-AAS REFSENS level.
Observation 1; Declared EIS value and its conditions should be defined as the value and the conditions corresponding to the non-AAS REFSENS level.
To derive the EIS value according to the Observation 1, relationship between the EIS, REFSENS and receiver antenna gain at the beam centre (G_Rx) can be described as following equation.


EIS = REFSENS + G_Rx(, )



(A)
As discussed above, REFSENS should be defined as a value with a certain BS class and its channel bandwidth. However, receiver antenna gain may change (degrade) as the direction angle changes (becomes larger). Since receiver antenna gain G_Rx is a function of direction of  and , and can be expressed as G_Rx(, ).
Fig 4 shows an example of receiver antenna gain G_Rx. For simplify, only a function of positive  angle (x-y axes) are illustrated.
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Fig 4. Example of receiver antenna gain G_Rx as a function of 
If G_Rx() decreases as  increases, the maximum receiver antenna gain at the beam centre, i.e. max(G_Rx) = G_Rx(=0) and the minimum receiver antenna gain at the beam centre, i.e. min(G_Rx) = G_Rx(=60). In this case, we propose the following EIS value of “EIS = REFSENS + G_Rx(=0, =60)”. Our proposed EIS value can be described in a general way as below.


EIS = REFSENS + min(G_Rx(, ))



(A’)
Proposal 2; Declared EIS value should be the non-AAS REFSENS level + minimum receiver antenna gain at the beam centre min(G_Rx(, )).
2.3 Proposal for Test requirement

In this sub-section, we discuss test requirements. It is impractical to test at all points in the each declared area as the requirement. Therefore, the test requirement should capture five points in the redirection range (= “a contiguous area” in the 1st bullet + “additional areas” in the 2nd bullet); the [reference steering direction], the maximum/minimum  with non-direction for , and the maximum/minimum  with non-directions for  in the redirection range. For example, if the declared redirection range by a vendor is the blue area shown in Fig.5, the representative five points, that is the [reference steering direction], the theta minimum and maximum angles (_min, =non-direction)/(_max, non-direction), and the phi minimum and maximum angles (non-direction, _min)/(non-direction, _max) should be set as test points.
Proposal 3; OTA sensitivity test requirements should be defend as bellow;

· The test requirement should capture five points of the [reference steering direction], the maximum/minimum  with non-direction for , and the maximum/minimum  with non-direction for  in the redirection range.
· The redirection range = “an contiguous area” in the 1st bullet + “additional areas” in the 2nd bullet.
· Vender shall declare the sensitivity RoAoAs (=an area in 1st bullet or additional areas in 2nd bullet) at each test point.

· At least a sensitivity RoAoA for each test point.
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Fig 5 Test points for 1st and 2nd bullets
If vender declares additional EIS values and corresponding areas based on the 3rd bullet, the additional tests at five points in additional areas also should be conducted to guarantee the quality in the 3rd bullet areas as shown in Fig 6.
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Fig 6 Test points for 3rd bullet
Proposal 4; Same OTA sensitivity test requirements with proposal 3 should be performed in the additional areas of 3rd bullet.
3 Conclusion
This contribution discusses in detail on how to define OTA sensitivity requirements. Followings are observed and proposed.

Proposal 1; Modify and clarify the endorsed agreements in [1] as below.

1. The manufacturer shall declare an EIS value and a contiguous area (i.e. a sensitivity RoAoA) for which the OTA sensitivity requirement (The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in x.104) is met.

2. Optionally, the manufacturer can also declare additional areas (= sensitivity RoAoAs) with the same EIS value declared in (1) above. Only one of these areas, or the area in bullet 1 can be “active” wholly at any time. OTA sensitivity requirement shall be met anywhere within the “active” area, but does not need to be able to meet for signals arriving from an “inactive” area. Such additional areas are allowed to overlap.

3. It is not excluded that the manufacturer declares additional EIS values and corresponding areas (mean “a contiguous area” in the 1st bullet and “additional areas” in the 2nd bullet) with different EIS values from the 1st bullet.
Observation 1; Declared EIS value and its conditions should be defined as the value and the conditions corresponding to the non-AAS REFSENS level.
Proposal 2; Declared EIS value should be the non-AAS REFSENS level + minimum receiver antenna gain at the beam centre min(G_Rx(, )).
Proposal 3; OTA sensitivity test requirements should be defend as bellow;

· The test requirement should capture five points of the [reference steering direction], the maximum/minimum  with non-direction for , and the maximum/minimum  with non-direction for  in the redirection range.
· The redirection range = “an contiguous area” in the 1st bullet + “additional areas” in the 2nd bullet.
· Vender shall declare the sensitivity RoAoAs (=an area in 1st bullet or additional areas in 2nd bullet) at each test point.

· At least a sensitivity RoAoA for each test point.

Proposal 4; Same OTA sensitivity test requirements with proposal 3 should be performed in the additional areas of 3rd bullet.
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