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1 Introduction
In the last meeting the WF on repeater radiate requirements (R402203027) had a number of open issues under the heading other RF including EVM and NF and input IMD. In this paper we address the open issues from the WF
2 Discussion
2.1	EVM
It has been agreed to follow the FR1 approach to specify a minimum power for which EVM shall be met (but not test it). Clearly for FR2 there are a number of variables which differ when considering what the power should be:
Using a similar approach to FR1 but with the addition of the Rx antennas gain, we have:
Pin = -174 + 10*log10(CBW) + NF - 20*log10(EVM/100)+IM-GRX_ANT
There are a number of issues to consider here as represented by the variables in the equation.
Noise figure
From the BS we have:
Table 10.3.3.3-1: Noise Figure values for the WP5D response in TR 38.803 [24]
	Frequency range
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	BS
	10 dB
	12 dB



EVM
As discussed for FR1 a reasonable (ad generous) estimate for allowable EVM degradation due to noise is half the allocation. For FR2 we have also agreed to include a step at 16QAM 
Less than 16QAM
	((12.5^2)/2)^0.5=8.8
For 64QAM
	((8^2)/2)^0.5=5.6
And for 256 QAM (where applicable)
	((3.5^2)/2)^0.5=2.5
CBW
As with FR1, the noise will change with the CBW however it is sufficient to specify a single CBW to guarantee noise performance, in a similar way to using fixed FRC’s in the sensitivity specification. The pass band can be covered by testing this channel at B,M,T. As the repeater does not generate the signal it does not have such have a CBW capability and hence the smallest FR2 CBW is appropriate (as the pass band must be at least 1 channel wide). 
Proposal use a 50MHz CBW to specify the min power level.
Implementation margin
When calculating the receiver sensitivity we add an implementation margin of 2dB, it would seem prudent o apply a similar IM here.
RX antennas gain
This is a difficult figure to put a fixed value on, using the BS range of antennas gains as a guide:
	BS class
	G

	
	30 GHz 
(24.25 – 33.4 GHz)
	45GHz 
(37 – 52.6 GHz)

	WA
	10 to 33 dBi
	12 to 35 dBi

	MR
	5 to 28 dBi
	7 to 30 dBi

	LA
	0 to 23 dBi
	2 to 25 dBi



It would be restrictive to fix the antennas gain and if we did it would either make the requirement very easy (if we fixed it at low end) or potentially impossible ( if we fixed it at high end. It therefore is sensible for the Rx antenna gain to be a declarable parameter.
Declaring the antennas gain also means we do not need separate requirement for the different BS classes (as the NF assumptions are the same for FR2.
Proposal 1: Rx antenna gain is a declarable parameter (with the same limits as the BS)
So  using the above we have, for example (for 30GHz, WA, 33dBi antenna):
		Pin = -174 + 10*log10(CBW) + NF - 20*log10(EVM/100)+IM-GRX_ANT
		Pin = -174 + 10*log10(50MHz) + 10 - 20*log10(8.8/100)+2-33 = -64- GRX_ANT =-86dBm

Proposal 2: The minimum power EVM requirement is as follows:
The EVM requirement is valid from the input level that produces the maximum rated output power  (Prated,in)  to the minim input power for a 5MHz channel shown in table x.x-1
Table : x.x-1 Minimum input power for EVM
	BS class
	Minimum input power for a 50MHz channel (dBm)

	
	24.25 – 33.4 GHz
	37 – 52.6 GHz

	
	Up to 16 QAM
	64QAM note 1
	256QAM note 2
	Up to 16 QAM
	64QAM note 1
	256QAM note 2

	WA, MR, LA
	-64- GRX_ANT
	-60- GRX_ANT
	-53- GRX_ANT
	-62- GRX_ANT
	-58- GRX_ANT
	-51- GRX_ANT

	Note 1: 64 QAM optional by manufacturers declaration
Note 2: 256 QAM optional by manufacturers declaration




2.1 OBUE
The BS far out OBUE value for FR2 is -13dBm/MHz
For FR2 if we assume a higher NF than FR1 but also it is likely the gain will be smaller as the ability to generate high output power at FR2 is much harder. 
Assuming these 2 at least cancel oy then the in-band noise form the NF will be approx. -19dBm/MHz similar to the FR1. As such we can use the OBUE limits for the inside passband OBUE without restricting the repeater implementation to severely
Proposal 3: Use the BS OBUE limits for the FR2 inside passband OBUE limits.
2.2 Input IMD
There are 2 options for the input signal for input IMD
· Option 1: modulated signal to 50MHz;
· Option 2: Use 2 CW signals 
It has already been agreed to use CW for FR1 and we think testing at B,M,T is sufficient to deal with the frequency issues so as generating CW signals is much easier during testing option 2 is preferred.
Proposal 4: Use 2 CW signals to specify input IMD
The level for the input signals is still open and of course with FR2 it must be considered that his is an OTA level.
For FR1 the input IMD level is based on the input blocking requirement, a similar approach could be used for FR2.
The problem being that for FR2 the level is offset by the antenna gain and is a fixed offset from the wanted Rx sensitivity signal so we cannot directly use the same figures.
In the BS spec the RX sensitivity for WA is defined between -96 to -119 dBm 9 50MHz channel.
This is for an antenna gain range of 10 to 33dBi
Essentially the Rx sensitivity is -86dBm - GANT_RX 
The in-band blocking level is Refsens + 33dB hence is 
	Pin-band_BLK = -86 + 33 - GANT_RX = -53 dBm - GANT_RX
This can be used for the FR2 input IMD power level
Proposal 5: the FR2 input IMD power level is -53 dBm - GANT_RX
Summary
On the issue of minimum EVM power level we make the following proposals:
Proposal 1: Rx antenna gain is a declarable parameter (with the same limits as the BS)
Proposal 2: The minimum power EVM requirement is as follows:
The EVM requirement is valid from the input level that produces the maximum rated output power  (Prated,in)  to the minim input power for a 5MHz channel shown in table x.x-1
Table : x.x-1 Minimum input power for EVM
	BS class
	Minimum input power for a 50MHz channel (dBm)

	
	24.25 – 33.4 GHz
	37 – 52.6 GHz

	
	Up to 16 QAM
	64QAM note 1
	256QAM note 2
	Up to 16 QAM
	64QAM note 1
	256QAM note 2

	WA, MR, LA
	-64- GRX_ANT
	-60- GRX_ANT
	-53- GRX_ANT
	-62- GRX_ANT
	-58- GRX_ANT
	-51- GRX_ANT

	Note 1: 64 QAM optional by manufacturers declaration
Note 2: 256 QAM optional by manufacturers declaration



And for OBUE
Proposal 3: Use the BS OBUE limits for the FR2 inside passband OBUE limits.
For input IMD
Proposal 4: Use 2 CW signals to specify input IMD
Proposal 5: the FR2 input IMD power level is -53 dBm - GANT_RX
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