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1. Introduction
This contribution presents a discussion about the necessity of using PA in OTA Rx directional requirements measurement for FR2. This contribution is based on our discussion paper in last meeting [1]. We are glad to encourage feedback from other companies on this topic.
2. [bookmark: _Hlk516165658]Discussion
The setup of OTA IBB(in-band blocking), ACS(adjacent channel selectivity), ICS(in channel selectivity), OBB(out of band blocking) and Rx IM(Receiver intermodulation) measurement are similar to each other. The differences are test requirements at RIB, number of interfering signal generator. 
We can calculate the link budget based on these setups to get the margin between power at RIB and test requirements. From this we can see whether PA is needed or not. As the wanted signal requirement at RIB is much lower than interfering signal, so here we only discuss about the interferer signal link budget.
It also need to mention that the full test setup will also need to include possible switches, different test antennas etc to account also for measurements of out of band requirements (out of band blocking and spurious emissions), which could affect the MU.

· Indoor Anechoic Chamber
The setup in IAC for IBB/ACS/OBB is showed in Figure 2.1, for ICS is showed in Figure 2.2 and for Rx IM is showed in Figure 2.3 below. 
[image: ]
Figure 2.1 In-door Anechoic Chamber measurement system setup for IBB/ACS/OBB 
[image: ]
Figure 2.2 In-door Anechoic Chamber measurement system setup for ICS
[image: ]
Figure 2.3 In-door Anechoic Chamber measurement system setup for Rx IM

	We take link from E to A via C and B for our consideration and take the diagonal length of DUT (D) to calculate far field distance in all cases assumptions. See Figure 2.4.
[image: ]
Figure 2.4 Dimension of DUT 
1. Signal generator output power at E and ACLR requirement
Here we should consider the needed interfering signal generator ACLR for different requirements. Once the ACLR requirement is understood, data on typical signal generator performance can be used to estimate the maximum power that can be made available at the signal generator output whilst maintaining the ACLR requirement.
For the purposes of the discussion, 3 terms are defined:

ACLR1sg = ACLR of interferer signal generator = Ratio of output power of signal generator to the interference caused by the signal generator in the channel immediately adjacent to the interferer.
ACLR2sg = ACLR in second channel of interferer signal generator = Ratio of output power of signal generator to the interference caused by the signal generator in the second channel adjacent to the interferer.
 Wanted signal to interference ratio (WSIR) = Ratio of interference leakage from the signal generator to the wanted signal within the wanted signal channel. The term WSIR is invented purely for the purposes of clarity in this document and is not intended to be proposed as a 3GPP term.

As a baseline assumption, we assume 0.4dB increase in M due to signal generator leakage as for the conducted requirements. To achieve 0.4dB MU increase, assuming an SINR of around 0dB for the FRCs, around 10dB WSIR is required.

For the ACS, the interferer is located in the adjacent channel to the wanted signal and thus it is ACLR1sg that determines the WSIR:
[image: ]

For the IBB and RX IM, the (modulated) interferer is located in the next but one adjacent channel from the wanted signal and thus it is ACLR2sg that determines the WSIR

[image: ]

The ACLR1 at the output of the signal generator is very sensitive to the output power level and increases rapidly with increasing power. Thus we also consider a 10dB margin in the SG ACLR requirement for ACS to allow for this. 
It can be summarized as following table 2.1.
Table 2.1 Signal generator requirement for FR2
	
	Wanted
	Interferer
	CW interferer
	WSIR
	ACLR margin
	ACLR1 requirement
	ACLR2 requirement 

	
	EISrefsens+
	EISrefsens 
+
	EISrefsens 
+
	wanted -
	
	performance
	

	
	dBm
	dBm
	dBm
	dBm
	dB
	dBc
	dBc

	ACS
	6
	27.7
26.7
	NA
	10
	10dB
	41.7
40.7
	-

	IBB
	6
	33
	NA
	10
	0dB
	-
	37

	RX IM
	6
	25
	25
	10
	0dB
	-
	29



We can see the worst case is signal generator need achieve 42dB ACLR for ACS. According to SWM200A specification [4] of intermodulation, it has a 2 tone performance of 0dBm for the wanted signal giving -38dBc for the IM. And in our measurement on a standard signal generator showed that the ACLR started to drop off quickly after 2dBm. Based on these observations, we consider that the maximum signal generator output power for ACS should be considered to be 0dBm. Since the IBB and RX IM have 5 or more dB lower ACLR and also the ACLR is ACLR2, we consider that the SG output power can be increased to 5dBm for RX IM and IBB:
· ACS: = 0dBm
· IBB/RxIM/ICS: = 5dBm
We would very much welcome feedback on othese assumptions an in particular whether these power levels for the SG are reasonable, as they strongly impact the consideration on whether a PA is needed or not.
2. Path Gain from E to C .
From figures above, we can see that:
a) IBB/ACS/ICS: The path is E  1 short cable combiner  1 long cable  test antenna.
So the total path loss 
b) RxIM: There are 3 signals combined before input of test antenna, and we propose the setup like figure 2.3 because the signal generator output power of CW interferer can be at a high level for no ACLR effect. So the problem is still on the modulated interferer, and the it’s path is same as other cases in a).
We can get the result of  in the Table 2.2.
Table 2.2 Path Gain from E to C for different cases
	Link items
	Value
	Note

	 (dB)
	-2.1
	Cable length is 1m

	 (dB)
	-3
	3dB Directional coupler 

	 (dB)
	-8
	Cable length is 5m

	(dB)
	-13.1
	


3. Test antenna gain . The typical gain is 22.5dB ~ 24.5dB for frequency range 23.5GHz ~ 44.5GHz. 
The power level of B is .
4. Free space path gain from B to A , where f is the carrier frequency [MHz] and  is far field distance [km]. 
The power level of A is .
5. Test requirement of interfering signal at A  We take all requirement values of wide area BS from TS 38.104[3], see Table 2.3.
Table 2.3 Test requirement for interfering signal of wide area BS type 2-O
	
	IBB
	ACS
	Rx IM
	ICS

	-96 ~-116dBm
	
	
	
	


6. The margin for interfering signal . Of course, the margin will get larger when  is lower. Here we take the worst situation.

All of the following calculations assume the largest declarable EIS, and hence the largest interferer levels. In practice, with increasing antenna aperture the EIS will decrease significantly (due to beamforming gain), leading to lower interferer levels. Thus the estimates are very much worst case.
Then we can get the whole link budget without PA according to different f and D, 28GHz and 39GHz results are listed separately in Table 2.4 and Table 2.5. 
Note: The blue value means it’s more than or equal to 10dB, the orange value means it’s more than or equal to 0dB and less than 10dB, the red value means it’s less than 0dB.
Table 2.4 Link budget comparison at 28GHz in IAC 
	Dimemsion (m)
	0.1
	0.3
	0.5
	0.7
	0.9

	
	ACS: 0
IBB/ICS/RxIM: 5

	(dBm)
= 
	ACS: -13.1
IBB/ICS/RxIM:  -8.1

	(dBm)
=
	ACS: 9.9
IBB/ ICS/RxIM:  14.9

	
	1.87
	16.8
	46.67
	91.47
	151.2

	 (dB)
	-66.8
	-85.9
	-94.8
	-100.6
	-105

	

	IBB//ICS/RxIM
	-51.9
	-71
	-79.9
	-85.7
	-90.1

	
	ACS
	-56.9
	-76
	-84.9
	-90.7
	-95.1

	
	IBB
	-63~ -83

	
	ACS
	-68.3 ~ -88.3

	
	ICS
	-83 ~ -103

	
	RxIM
	-71 ~ -91

	
	IBB
	11.1
	-8
	-16.9
	-22.7
	-27.1

	
	ACS
	12.4
	-6.7
	-15.6
	-21.4
	-25.8

	
	ICS
	31.1
	12
	3.1
	-2.7
	-7.1

	
	RxIM 
	19.1
	-1.8
	-8.9
	-14.7
	-19.1



Table 2.5 Link budget comparison at 39GHz in IAC 
	Dimemsion (m)
	0.1
	0.3
	0.5
	0.7
	0.9

	
	ACS: 0
IBB/ICS/RxIM: 5

	(dBm)
= 
	ACS:  -13.1
IBB/ ICS/RxIM:  -8.1

	(dBm)
=
	ACS:  9.9
IBB/ ICS/RxIM:  14.9

	
	2.6
	23.4
	65
	127.4
	210.6

	 (dB)
	-72.6
	-91.6
	-100.5
	-106.4
	-110.7

	

	IBB/ICS/RxIM
	-57.7
	-76.7
	-85.6
	-91.5
	-95.3

	
	ACS
	-62.7
	-81.7
	-90.6
	-96.5
	-100.3

	
	IBB
	-63~ -83

	
	ACS
	-68.3 ~ -88.3

	
	ICS
	-83 ~ -103

	
	RxIM
	-71 ~ -91

	
	IBB
	5.3
	-13.7
	-22.6
	-28.5
	-32.8

	
	ACS
	6.6
	-12.4
	-21.3
	-27.2
	-31.5

	
	ICS
	25.4
	6.3
	-2.6
	-8.5
	-12.8

	
	RxIM 
	13.3
	-5.7
	-14.6
	-20.1
	-24.8



	From the analysis above, we can see that:
1. The far field distance is quickly increased with the dimension getting bigger and even reach hundreds of meters. 
2. The margins between the interfering signal power levels at RIB and test requirement are not sufficient in most of dimension cases. 
3. We can also do the similar analysis on other BS types. Because the required interfering signal level in Medium or Local BS is 5 or 10 dB more than wide area BS for the worst case, the worst case margin will be obvious smaller.
4. With  decreasing, the margin gets larger. 
5. Some test such as ICS may not need PA. 
From the analysis above, the need of PA depends on the  and dimension. The most of OTA Rx directional measurements in IAC for FR2 don’t need PA when  is low or dimension is small.   For larger dimensions, use of an IAC is anyhow infeasible due to the large chamber size needed to achieve the far field distance.

· CATR
We take the setup for ACS in CATR as an example and show it in Figure 2.5. The link path from E to F is quite similar to the path in IAC, but the whole path here is fixed and includes a reflection from the reflector. In this paper, we take 5m as the dimension of the chamber.
In Table 2.6 we give the results of link budget for interfering signal from point E to A via K and reflector. The assumptions for the SG, cable, combiner are the same as we did in IAC. The test antenna gain in the setup we consider is 11dB.
[image: ]
Figure 2.5 CATR measurement system setup for ACS

Table 2.6 Link budget comparison at 28GHz and 39GHz in CATR
	Frequency (GHz)
	28
	39

	
	ACS: 0
IBB/ICS/RxIM: 5

	(dBm)
= 
	ACS:  -13.1
IBB/ ICS/Rx IM:  -8.1

	(dBm)
=
	ACS:  -2.1
IBB/ICS/RxIM:  2.9

	
	5
	5

	 (dB)
	-75.4
	-78.2

	

	IBB//ICS/RxIM
	-72.5
	-75.3

	
	ACS
	-77.5
	-80.3

	
	IBB
	-63~ -83

	
	ACS
	-68.3 ~ -88.3

	
	ICS
	-83 ~ -103

	
	RxIM
	-71 ~ -91

	
	IBB
	-9.5 to 10.5
	-15.2 to 4.8

	
	ACS
	-9.2 to 10.8
	-12 to 8

	
	ICS
	10.5 to 30.5
	7.7 to 12.3

	
	RxIM 
	1.5 to 21.5
	9.3 to 29.3


The lower 5dB of the ranges are corner cases as the correspond to around -96 to -101 dBm EIS.

From this table, for mainstream cases we can see that
1. A PA may be needed for ACS and IBB, in particular for 39GHz
2. CATR generally gives sufficient margin for ICS and RxIM. 

Before concluding on the need for a PA, however there should first be some discussion around the assumptions for the signal generator power and whether further optimizations of test antenna gain etc can improve the CATR link budget.

3.  Conclusion
Based on the above discussion, we make the following observations:
· The IAC can only provide sufficient link budget (with no PA) for small antenna apertures. However, for larger antenna apertures, the far field distance makes the use of a far field chamber increasingly impractical. Also, with larger antenna apertures, additional beamforming gain will mean that the declared EIS will be well below the largest allowed value, increasing the margin.
· The CATR appears to need a PA; for reasonable EIS ranges the link budget appears to be a few dB short.

As outlined in [5], considering ACLR and MU for a PA may lead to a quite large MU. To conclude, we propose the following:
Proposal 1: Assume no PA as baseline for IAC
Proposal 2: For CATR, RAN4 should check and conclude the assumptions on:
· signal generator output power 
· test antenna gain 
· [bookmark: _GoBack]whether if the ACLR effect would be lifted slightly from 0.4dB the signal generator power could be increased
and then conclude whether a PA should be considered for EIS lower than around -102 or -103 dBm.
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