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1.	Introduction
The NR BS OTA reference sensitivity requirements for FR2 were provisionally specified in RAN4#86 [1], while the way forward to finalize the open issues was agreed in [2].
This contribution provides our proposals to finalize the NR BS OTA reference sensitivity requirements for FR2, and a text proposal to the NR BS TR 38.817-02 [3].

2.	Discussion
The following open issues are listed in the agreed way forward [3].
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.
Below we provide our proposals to finalize the open issues.

2.1	Open issue 1
It has been agreed [2] that:
Agreement 1: The declared reference sensitivity value is per polarisation.
Agreement 2: All receiver requirements are per polarization under the assumption of polarisation matching.
We consider this is indeed beneficial to reduce test time by only testing 1 of the polarizations using declared equivalence, especially with multi-user MIMO where many different antennas are tested.
On the other hand, the polarization match or mismatch should be well under control in sensitivity testing. However, in some of the interference tests, the match of the polarization of the interferer to the polarization of the victim antenna could be less controlled, e.g. if
-	the angle-of-arrival far away from boresight,
-	the interferer far outside the operation bandwidth of the victim antenna, and/or
-	the interferer is in the near field.
Therefore, we support using declared equivalence to reduce test time by only testing 1 of the polarizations for reference sensitivity testing, while it might be necessary to test both polarizations in certain interference tests where cross-coupling might be a concern.
Proposal 1: To use declared equivalence to reduce test time by only testing 1 of the polarizations for reference sensitivity testing.

2.2	Open issue 2
It is noted in the agreed draft CR [1] that:
Editors note: The above ranges are valid for 50MHz FRCs. Further description of the OTA reference sensitivity for 100MHz FRCs may need to be added.
It has been agreed [3] that:

	
Currently, only 50MHz and 100MHz FRCs are defined for NR BS for FR2. Hence the OTA reference sensitivity level for the 100MHz FRC should be 3dB higher that of the 50MHz FRC using the above formula, i.e. -93 to -116 dBm for wide area BS.
Considering the in-band blocking OTA interfering signal power of EISREFSENS + 33dB [4], the highest interfering signal power for the 100MHz FRC could be 3dB higher that of the 50MHz FRC, which is -60dBm (-93 + 33) assuming G is equal to the lowest 10dB for wide-area BS. This means the highest interfering signal power for the 100MHz FRC at the LNA could be -70dBm, which is aligned with the blocking signal level shown in the simulation results in [5]. Therefore, we propose to use the agreed formula to derive the OTA reference sensitivity for 100MHz FRC, i.e. -93 to -116 dBm for wide area BS, -88 to -111 dBm for medium range BS, -83 to -106 dBm for local area BS.
Proposal 2: To use the agreed formula to derive the OTA reference sensitivity for 100MHz FRC, i.e. -93 to -116 dBm for wide area BS, -88 to -111 dBm for medium range BS, -83 to -106 dBm for local area BS.

2.3	Open issue 3
This is for medium range BS, which is proposed to be 5dB higher than local area BS, i.e. G value of 5-28 dB for medium range BS. Considering the associated deployment scenarios for each class, we consider it is appropriate to have the G value range for medium range BS in the middle of those for local area BS (0-23 dB) and wide area BS (10-33 dB).
Proposal 3: To increase G value by 5dB for medium range BS compared to that for local area BS, i.e. G value of 5-28 dB for medium range BS.

2.4	Open issue 4
It is noted in the agreed draft CR [1] that:
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in the corresponding table and annex A when the OTA test signal is at the corresponding EISREFSENS level and arrives from any direction within the FR2 OTA REFSENS RoAoA.
Hence the FR2 OTA REFSESN declaration is related to OTA REFSENS RoAoA, similar to FR1 where the OTA receiver sensitivity declaration is related to the declared coverage RoAoA.
On the other hand, as it has been discussed in RAN4 and recorded in [3], the antenna array gain and loss in FR2 depend on numerous implementation factors like antenna directivity, array related aspects such as scan loss, mutual coupling, steering loss, RF phase error, beam straddling, allowances for beam shaping algorithms, drop towards the coverage edge, radome related losses, antenna mismatch, and any other antenna array related RF losses. Hence it is not straight forward to mandate FR2 OTA REFSESN declaration to be related to a certain parameter, as the impact of this parameter on antenna array gain and loss (and thus the FR2 OTA REFSESN) varies depending on the specific implementation. Therefore, we propose not to mandate FR2 OTA REFSESN declaration to be related to any parameter.
Proposal 4: Not to mandate FR2 OTA REFSESN declaration to be related to any parameter.

3.	Conclusion
This contribution has provided proposals to finalize the NR BS OTA reference sensitivity requirements for FR2. A text proposal to the NR BS TR 38.817-02 is provided below, the corresponding draft CR is provided in [6].
Proposals:
[bookmark: _Hlk502852510]1.	To use declared equivalence to reduce test time by only testing 1 of the polarizations for sensitivity testing.
2.	To use the agreed formula to derive the OTA reference sensitivity for 100MHz FRC, i.e. -93 to -116 dBm for wide area BS, -88 to -111 dBm for medium range BS, -83 to -106 dBm for local area BS.
3.	To increase G value by 5dB for medium range BS compared to that for local area BS, i.e. G value of 5-28 dB for medium range BS.
4.	Not to mandate FR2 OTA REFSESN declaration to be related to any parameter other than FR2 OTA REFSENS RoAoA.

4.	Text Proposal
[bookmark: _Toc482961367][bookmark: _Toc496276157]<Start of change>
[bookmark: _Toc508478573]10.3.3	BS type 2-O
[bookmark: _Toc508478574]10.3.3.1	General
The OTA reference sensitivity requirement is the only sensitivity requirement used for BS type 2-0. OTA REFSENS RoAoA defines the region over which the EISREFSENS value is valid. For BS type 2-O, it is not clear what beam forming gain is needed even if there is a single ideal beam forming gain because the channel scenarios for the same BS class can potentially vary significantly. Hence in order to allow for implementation in different deployment scenarios a range of antenna gain is identified for each BS class. This range of antenna gain can then be used along with the implementation margin and SINR requirements to calculate a range of potential minimum EIS values. The vendor declares the OTA reference sensitivity within this range, depending on their view on the needed array size considering the propagation scenarios under which they expect their BS to operate.
The FRC and hence the noise BW for the reference sensitivity FRC is 50MHz.
Hence for a wide area BS

	
Where: BW is the noise BW of the FRC, NF is the noise figure, IM is implantation margin not related to antenna array, SNR is the required SNR for demodulation and G is the antenna gain and RF losses.
The declared reference sensitivity value is per polarisation under the assumption of polarisation matching. If the manufacturer has declared the polarizations to be equivalent, it is sufficient to test with any one of the polarizations for reference sensitivity testing.
The declared FR2 OTA sensitivity applies when all receiver units in the BS per polarisation are considered no matter the arrangement of the antenna elements and or antenna panels. As such it is not necessary to defined or discuss antenna panels in the specification.
[bookmark: _Toc508478575]10.3.3.2	Antenna gain and loss assumptions
For WA BS the antenna gain (G) has been identified to be the range 10 to 30 dB.
G includes the antenna directivity and the antenna loss.
Losses may arise from a number of factors, including array related aspects such as scan loss, mutual coupling, steering loss, RF phase error, beam straddling, allowances for beam shaping algorithms, drop towards the coverage edge, radome related losses, antenna mismatch, and any other antenna array related RF losses. 
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.
The current agreements assume there are no filter losses included, if band filtering is needed between the LNA and the antenna then additional loss may be added the value of this is FFS.
The exact distribution of directivity and loss is not formally agreed however the max and min values are based on the approximate extreme cases (based on 28GHz):
Low gain case:
	The minimum usable low gain for a wide area BS can be approximated based on the minimum cell size for a wide area BS. The minimum distance for a UE to the antenna for a wide area BS is 35m (assuming a 23.5m vertical separation). It is reasonable to expect that high throughput and hence high SINR should be achievable at distances greater than this. To achieve and UL SINR of 15 dBi for a 200MHz channel at 100m at least 10dB antenna gain is required.
	This is equivalent to antenna of approx. 4x4 elements (0.5λ spacing) with 3dB off peak margin and 4dB losses.
High gain case:
	The high gain is limited by practical implementation of the antenna, a 64x32 element (0.5λ spacing) antenna would consist of 2048 elements and have a directivity of 38.1dBi. With some many elements it is likely the losses would be higher than for a smaller antenna, hence 3dB off peak margin and 5dB losses result in a gain of 30 dBi.
Contributors to the loss are further discussed in subclause [5.10].
For higher frequencies as the noise figure is higher (see sub-clause 10.3.3.3) the antenna gain required to maintain the same OTA REFSENS value is higher. As the low gain case is based on a reasonable minimum cell size it is reasonable that the OTA REFSENS is not reduced further for the higher frequencies, so for the 45GHz range the minimum expectation for G will be 12dB rather than 10dB. 
Note this does not take into account the effect of higher FSPL on the cell size at higher frequencies.
Table 10.3.3.2-1: G assumptions for calculating FR2 WA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.24 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)
	70 GHz 
(66 – 86 GHz)

	WA
	10 to 30 33 dBi
	12 to 32 35 dBi
	14 to 34 37 dBi



Medium range and local area BS are intended to cover smaller cell sizes and hence the antenna gain requirements are lower, For medium range and local area BS the following assumptions for G have been agreed.
Table 10.3.3.2-2: G assumptions for calculating FR2 MR and LA OTA REFSENS range
	BS class
	G

	
	30 GHz 
(24.24 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)
	70 GHz 
(66 – 86 GHz)

	MR
	[5 to 25]28 dBi
	[7 to 27]30 dBi
	[9 to 29]32 dBi

	LA
	0 to 20 23 dBi
	2 to 22 25 dBi
	4 to 24 27 dBi



[bookmark: _Toc508478576]10.3.3.3	Noise figure assumptions
The noise figure for the receiver will increase as the frequency increases, the following values have been agreed for each frequency range:
Table 10.3.3.3-1: Noise Figure values for the WP5D response in TR38.803
	Frequency range
	30 GHz 
(24.24 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)
	70 GHz 
(66 – 86 GHz)

	BS
	10 dB
	12 dB
	14 dB



The same NF assumption is used for all BS classes.
[bookmark: _Toc508478577]10.3.3.4	SNR and IM
IM is the implementation margin associated with the RF parts and the BB, not including the antenna mismatch. It is the same for all frequency ranges and both conducted and OTA requirements. It has been agreed that:
-	For REFSENS and ICS:
-	IM = 2 dB
The SNR values are found by simulation and are explained in sub-clause x.x.x, for FR2 OTA sensitivity the values are as show in table 10.3.3.4-1.
Table 10.3.3.4-1: SNR values for FR2 OTA RF sensitivity
	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, the SNR can be rounded down to -1dB, 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 FFS.
[bookmark: _Toc508478578]10.3.3.5	OTA Reference sensitivity ranges
Considering the gain range is adjusted to account of the higher NF at the higher frequencies a single range is defined for all bands as follows:
OTA reference sensitivity level for 50MHz FRCs in FR2 is:
[bookmark: _Hlk508468660]-	1 dB step within the range -96 to -119 dBm dB for WA
-	[1] dB step within the range [-91] to [-114] dBm for MR
-	[1] dB step within the range -86 to -109 dBm dB for LA
OTA reference sensitivity level for 100MHz FRCs in FR2 is:
-	1 dB step within the range -93 to -116 dBm dB for WA
-	1 dB step within the range -88 to -111 dBm for MR
-	1 dB step within the range -83 to -106 dBm dB for LA
<End of change>
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