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1 Introduction
The antenna gain range is still in square brackets, a number of papers have been presented and discussed online attempting to clear up the final issues surrounding the antenna gain ranges so that the square brackets can be removed. 

This WF captures agreements from this meeting and the remaining open issues.

2 Discussion

The following issues have been discussed:

1. How the reference sensitivity range and other receiver requirements apply to polarisations

2. How the reference sensitivity range and other receiver requirements apply to ‘panels’ and if ‘panels’ need to be defined.

a. The wide area upper gain assumption may  need updating depending on the result of this issue

3. How the Noise figure variation due to operating band frequency is handled with respect to the reference sensitivity range

4. How the antenna mismatch is represented in the reference sensitivity range calculation

5. SNR and IM values are now agreed and can be implemented.

6. Declaration granularity/step size

7. Update assumptions for LA and MR BS classes.

8. Method of declaring OTA sensitivity value.

Each of the issues are further discussed the following sections:

2.1 Polarizations
For reference sensitivity

In AAS the OTA sensitivity requirement was implemented so that a receiver system with cross polarized antennas and appropriate receiver diversity algorithms could be tested with any 2 orthogonally polarised test signals without the need for polarisation matching. However this did not change the fact that the declared EIS value was per polarisation. Therefore it can be agreed that the declared reference sensitivity value is per polarisation

Agreement 1: The declared reference sensitivity value is per polarisation

For other receiver requirements

Whilst this is appropriate for testing OTA sensitivity alone, it is not appropriate when considering an interferer which needs to be applied to every receiver at an equal power level. It was attempted to solve this problem by applying the interferer at 45deg offset from the intended polarisations at 2x te power. With the intention that each V would then receiver the correct power level equally. The intention being that if a crossed polarized system could be tested in one go then t would save testing time. However as it is necessary to both identify the polarisation orientation to correctly apply the interferer and also necessary to test 2 orthogonal polarisations it does not seem that test time will be reduced using this method.

In addition there have been comments that it is not possible to accurately ensure that the interferer will be applied equally using this method.

Considering the complexity involved in both define the method and the fact that there is not technical consensus that it is viable it is suggested that all receiver requirements are specified per polarization and testing is carried out per polarisation under the assumption of polarisation matching.

Agreement 2: All receiver requirement are per polarization under the assumption of polarisation matching.

It is possible that if the receivers connected to each polarisation are the same then testing could be reduced using the principle of equivalence introduced in the AAS specification. This is to be further studied.
Open Issue 1: Using declared equivalence to reduce test time by only testing 1 of the polarizations under the assumption the other is identical is to be further studied.
2.2 Antenna panels

Based on the  discussion in the meeting the concept of panels may be difficult to define especially as panels are used in Ran1 to refer to a different parameter. It is therefore proposed that panels are not defined and receiver requirements apply when all receiver units per polarisation are considered.
Agreement 3: The concept of panels is not introduced. It is clarified in the text that requirements apply to all receiver units (per polarisation are considered)

As the requirements are not per panel then the upper limit of the antenna gain range used for calculating reference sensitivity should be increased to accommodate systems with multiple panels. The only suggestion so far is that this should be 3dB higher.

Agreement 4: The upper assumption for G in the reference sensitivity calculation wide area should be increased by 3dB (to 33dB). The range for LA and MR is also increased to 23dB
2.3 Noise figure variation due to frequency
It is agreed that the assumption for noise figure for the different operating band frequency ranges is different. The current calculations of the reference sensitivity range are based on the noise figure vales for the 30GHz frequency, and as such are the lowest noise figure values of the FR2 bands.

 Currently there are 2 proposals for how to handle this:

1. The reference sensitivity range is large enough to incorporate the varying noise figure.
2. Different ranges are declared for each frequency range.

As the noise figure values for the missing bands are higher the higher noise figure will have the following effect:

At the high gain (low sensitivity level) end the value will be reduced – as the reduced number is inside the allowable declaration range no implementations are prevented by having a single upper limit.

At the low gain (high sensitivity level) end the value will be reduced, this lower value is currently outside the proposed range, however as the low gain end of the range is based on the minimum coverage distance assumption for a specific BS class I has been argued that it should not be reduced as that would be inappropriate for the BS class. 
It has been agreed that it is acceptable to have a common OTA sensitivity range for all frequencies as long as it is made clear in the TR that the antenna gain assumption is increased  compensate for the higher noise figure.

Agreement 5: A single OTA sensitivity range is used for all existing identified frequencies in REL15

Agreement 6: For higher freq NF is higher, to compensate the antenna gain range assumptions are increased so that the same OTA refsens range can be maintained. This will be captured in the TR so that it is clear higher gain is needed to compensate for the NF at higher frequencies
2.4 Antenna mismatch

The IM vale has been formally agreed in [1] as 
· For REFSENS and ICS:
· IM = 2dB
· For Dynamic Range
· IM = 2.5 dB 
And the range of G has been provisionally agreed (subject to further discussion in this WF). The discussion of which or the variables antenna mismatch is included in therefore is somewhat redundant, although for the purposes of the background in the TR some explanation must be agreed. However as it is not suggested an additional loss is added beyond the values already agreed (or provisionally agreed) to account for antenna mismatch it will not affect the final OTA sensitivity range.

Agreement 7: The existing IM and G assumptions cover antenna mismatch – no additional loss is needed, for Rx antenna mismatch we can include in G. with following text added in TR:

The antenna mismatch may be different between the Rx and Tx the antenna mismatch discussed here is for Rx only. If we need to discuss Tx antenna gain and mismatch , this can be discussed separately if needed.

2.5 Agreed SNR and IM values
From [1] IM is 2dB

From [2] SNR is:
	FRC
	SNR (dB)

	G-FR2-A1-1
	-1.1

	G-FR2-A1-2
	-1.1

	G-FR2-A1-3
	-1.2


There is a 0.1dB difference between the SNR for the different FRC’s, however as it has been agreed that the OTA sensitivity will be declared in integer values the difference between the FRC’s is not significant, therefore a single range can be declared covering all FRC’s.G-FR2-A1-3 has a CBW of 100MHz, assumption so far have been based on FRC with 50MHzCBW, how the 100MHz CBW of the FRC is handled is an open issue

Open issue 2: how reference sensitivity requirement and declarations handles the 100MHz CBW FRC. 

The current ranges are all based on a 50MHZz CBW FRC. Currently in TS 38.104 we have 
For wide area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-87-10+IM+SINR] to [-87-30+IM+SINR]. The specific value is declared by the vendor.

For medium range BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-87-0+IM+SINR] to [-87-20+IM+SINR]. The specific value is declared by the vendor.

For local area area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-87-0+IM+SINR] to [-87-20+IM+SINR]. The specific value is declared by the vendor.

With IM and SNR added (note values remain in square brackets and other agreements in this WF have not been included in the example):

For wide area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-96] to [-116]. The specific value is declared by the vendor.

For medium range BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-86] to [-106]. The specific value is declared by the vendor.

For local area area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-86] to [-106]. The specific value is declared by the vendor.

Agreement 8: add the agreed IM and SBR vales to the provisional agreements for G and round to the nearest integer value. 
2.6 Declaration granularity/step size
Currently the declaration step size is 1dB and remains in square brackets. It has been proposed to increase this to 3dBm however the majority view is that the implementation restrictions which could be placed on the BS by the larger step size outweigh the possible advantage of having few steps. It is therefore proposed to remove the square brackets and agree on a 1dB step size.
Agreement 9: Remove the square brackets from the 1dB step size.

2.7  LA and MR BS classes
The current G assumptions for LA and MR are the same with the range 0 to 20dB. Subject to the other open issues in this WF (in particular NF). It has been proposed that the range for MR is increased by 5dB so that it sits midway between LA and MA BS.
Open issue 3: Increase G value by 5dB for MR BS class. 
As the wide area range has been increased by 3dB, so the range is 23dB the LA and MR range is also increased to 23dB.

2.8 Method of declaration

There is a concern that the declaration range is not linked to any other BS parameters (R4-1802883).

For example: In FR1 the OTA receiver sensitivity is related to the declared coverage RoAoA, but as beam forming is required in FR2 and the receiver gain will always be greater than the equivalent gain of the RoAoA. 

Open issue 4: Does FR2 OTA REFSESN declaration need to be related to any other parameter. Companies encourage to provide their view next meeting.

3 Summary
The WF captures al the open issues regarding final agreement of the FR2 OTA reference sensitivity ranges. The following agreements are made:

Agreement 1: The declared reference sensitivity value is per polarisation

Agreement 2: All receiver requirements are per polarization under the assumption of polarisation matching.

Agreement 3: The concept of panels is not introduced. It is clarified in the text that requirements apply to all receiver units (per polarisation are considered)

Agreement 4: The upper assumption for G in the reference sensitivity calculation wide area should be increased by 3dB (to 33dB). The range for LA and MR is also increased to 23dB
 Agreement 5: A single OTA sensitivity range is used for all existing identified frequencies in REL15

Agreement 6: For higher freq NF is higher, to compensate the antenna gain range assumptions are increased so that the same OAT refsens range can be maintained. This will be captured in the TR so that it is clear higher gain is needed to compensate for the NF at higher frequencies
Agreement 7: The existing IM and G assumptions cover antenna mismatch – no additional loss is needed, for Rx antenna mismatch we can include in G. with following text added in TR:

The antenna mismatch may be different between the Rx and Tx the antenna mismatch discussed here is for Rx only. If we need to discuss Tx antenna gain and mismatch , this can be discussed separately if needed.

Agreement 8: add the agreed IM and SBR vales to the provisional agreements for G and round to the nearest integer value.
Agreement 9: Remove the square brackets from the 1dB step size.

The following issues remain open and companies are encouraged to provide solutions to try to reach compromise the next meeting

Open Issue 1: Using declared equivalence to reduce test time by only testing 1 of the polarizations under the assumption the other is identical is to be further studied.
Open issue 2: how reference sensitivity requirement and declarations handles the 100MHz CBW FRC. 

Open issue 3: Increase G value by 5dB. 
Open issue 4: Does FR2 OTA REFSESN declaration need to be related to any other parameter. Companies encourage to provide their view next meeting.

After implementing all the agreements and considering the open issues the core specification text can be modified as follows:

Note: the current ranges are all based on a 50MHz CBW FRC.

For wide area BS, the OTA reference sensitivity level for FR2 is an integer value in the range -96 to -119dBm. The specific value is declared by the vendor.

For medium range BS, the OTA reference sensitivity level for FR2 is an integer value in the range [-91] to [-114]dBm. The specific value is declared by the vendor.

For local area area BS, the OTA reference sensitivity level for FR2 is an integer value in the range  -86 to -109 dBm . The specific value is declared by the vendor.
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