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1 Introduction
In the WF (R4-2106112) on repeater RF requirements a REFSENSE of NF type requirement was suggested. In this paper we investigate the necessity of such a requirement for an RF repeater.
2 Discussion
 The WF suggests:
FFS on REFSENSE or equivalent conducted requirements
· FFS on whether these requirements are needed or not
· The candidate requirements include 
· NF
· Minimum input value
In simulations we consider the NR of the repeater for example when considering the necessity of an ACLR requirement the thermal noise output is calculated (and compared to the ACLR requirement) using an assume NF for the repeater. However in LTE repeaters there are no REFSENS or NGF type requirements.
If we consider a REFSENS type measurement, clearly as a repeater does not demodulate it is not possible to use this directly, however in principle REFSENS is concerned with the NF of the receiver on the wanted channel. On the wanted channel the NF of the repeater receiver will show up as co-channel noise which will in turn impact the EVM performance of the repeater. 
If we are considering the NF as an EVM contributor then we should also consider what minimum input power we expect the EVM to be maintained. This is not clear from the core requirement and hence it is assumed that it is maintained over all input power levels, which is clearly not possible. The test requirement test sonly at maximum output power (and max gain) which is perhaps not sufficient to really test NF.
For example for the LTE case the EVM requirement is 8% or -22dBc
If the max output power is 3-0dBm and the max gain 90dB the input power is -60dMb and the in-band noise requirement -82dBm. This would only require a NF of 22dm to meet which is very high and not much of a challenge. Similarly in the same scenario if a NF of 5dB were assumed then it would only be possible to meet EVM requirement down to 13dBm output. Of course below -8dB it would not be possible to meet the EVM at all as the input signal would not have sufficient SNR.
It seems reasonable that a certain minimum noise figure is assumed to ensure that the repeater keeps the amplified signal as clean as possible. This can be accomplished via the EVM requirement by testing at a lower power level, as the gain is a potential variable it is suggested that a minimum input power level is specified.
Obviously the actual thermal input will also contribute so its suggested that this levels is 6dB above that level. It is assumed that PA non-linearity’s will not contribute at the lower power level.
i.e.
	-174 + CBW + 20*log10(EVM/100)+NF+6,
 e.g. for LTE 10MHz CBW = -174+70+22+5+6 = -71dBm
Alternatively the NF could be tested directly, but that would require thermal diodes and hot cold measurements which means defining an additional test, this method would enable the test to be carried out along with the EVM.

Summary
In this paper we have looked at defining a receiver sensitivity or NR type requirement. The in-band receiver noise will show up as ma contributor to the EV so it is not strictly required. However investigation of the existing LTE repeater EVM requirement and test show that NF is not currently tested to any significant degree. An additional EVM test at a lower input power level could test for NF using the existing EVM test. A method of setting the input power level has been suggested.
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