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1 Introduction
In the last meeting the WF on a potential noise figure requirement we discussed and the following captured in the WF (R4-2115721):
Further discuss the purpose of introducing NF equivalent requirements including:
1)	Verify SINR degradation with internal noise floor
2)	Ensure the interference co-existence performance inside the passband 
FFS whether dedicated NF requirements need to be introduced, or can be implicitly verified by other requirements including EVM requirements and emission requirements. 
The potential options for defining NF requirements if dedicated NF requirements introduced:
	Option 1: NF
	Option 2: maximum passband output power level with no input signal
	Option 3: minimum input level with which output signal quality achieved 
Companies are encouraged to further study on following issues in Nov meeting:
Which candidate requirement is more reasonable from the aspects of testing feasibility.
Discussion
When discussing noise figure then it is assumed to be an inside the passband requirement, as such the same RF path is applied as the wanted signals. With no input to the repeater the noise figure and repeater gain will determine the output noise level. The repeater maximum gain is determined primarily by the isolation that can be achieved between input and output (to prevent oscillation) but may also be limited by output power (and location, although this is also controlled by ALC) and possibly the output emissions. It would seem that isolation assumptions used for previous repeaters will be the same for an NR repeater (for FR1) so we can use assumptions from previous analysis.
Based on the repeater assumptions in TR 25.956 and BS NF assumptions we have used for NR we can calculate the following:
Repeater Gain = 90dB
Repeater NG = 5dB
Hence
Output noise = -174 + 10*log10(1MHz) + 5 +90 = -19dBm/MHz
A repeater with no input will output this level of noise.
In the BS specification there are a number of requirement which set noise limits on unused channels (or unused for the purposes of testing the BS).
ACLR (sub-clause 6.6.3) sets an absolute limit of -15dBm.MHZ (CAT B WA BS)
OBUE (sub-clause 6.6.4) has a number of options but they are similar for >1GHz, CAT B WA BS the limit is the same -15dBm/MHz
These requirements are of course for adjacent channels not the wanted channel, for wanted channel noise we consider EVM requirement 
	EVM (sub-clause 6.5.2) for 64QAM (for example) = 8% which is equivalent to co-channel noise of 22dBc
Using the EVM as a means to measure noise figure for a 10MHz channel a wanted 64QAM signal of:
	-19 + 10*log10(10) + 22 = 13dBm output would need to be used.
[bookmark: _GoBack]Looking at these requirements and companion analysis on inside passband ACLR (R4-2119309) it would seem that if an inside passband ACLR requirement were used then it would be unnecessary to have a separate noise figure requirement as passing ACLR all but guarantees the repeater NF.
Observation 1: If an inside passband ALCR requirement is applied this is similar to an absolute noise requirement (option 2).
The ALCR requirement has the advantage that it can cover not just the noise of the repeater but also its linearity. Where multiple channels are inside the same passband this may offer additional protection (particularly the UL). 
One downside of using ALCR for specifying the NF is that it’s an absolute output power levels (similar to the proposed option 2) and as such is dependent on both NF and gain. A low gain repeater could have a much poorer NF and still meet the absolute requirement. This is of course potentially acceptable as it is the absolute noise which ultimately causes interference.
However a worse NF even with a lower gain would reduce the usable range of the repeater as it would not be able to cleanly amplify low noise signals as the noise may start to impact the EVM.
Observation 2:	An absolute noise out requirement would allow for lower gain higher NF repeater which would have reduced usable range.
As such a relative requirement such as option 1 or 3 would be preferable
This has been discussed online in the run up to this meeting and using EVM it seems comes with a number of advantages:
· No “new” test is needed as we already measure EVM, although clearly and EVM test at a different level may be required.
· It’s still a relative measurement and as such gives NF rather than noise power
· If the repeaters demodulates and cleans up the modulation (perhaps unlikely but still can be considered) then this approach still works
The alternative is to measure NF directly using a hot/cold method (or similar) whilst this is not a difficult measurement, it is new to 3GPP specs and as such may require additional work, also it may not work for a demodulating repeater.
Observation 3: Whilst both option 1 (NF measurement) or option 3 (EVM) are both suitable means to measure NF, option 3 seems a better solution.
We have the following potential requirements:
· ACLR inside passband
· Tests absolute output noise level (option2) NF and gain
· Tests PA linearity
· Noise figure (NF or EVM)
· Tests NF
Because of the advantages of testing a relative NF value it is perhaps best to maintain a stand-alone co-channel noise measurement and option 3 (EVM) seems the best candidate.
Proposal 1: Introduce a co-channel noise figure requirement in the form of an EVM requirement at a low output power, where:
	Pin = -174 + 10*log10(CBW) + NF + 20*log10(EVM/100)
For example for a 10MHz channel using 64QAM with a NF requirement of 5dB the minimum input signal to pass EVM requirement must be:
	Pin = -174 + 10*log10(10MHz) + 5 + 20*log10(0.08) = -174 + 70 + 5 + 22 = -77dBm
Summary
This paper looks at the noise figure requirement for the FR1 repeater (although similar arguments can be used for FR2), and makes the following observations and proposals:
Observation 1: If an inside passband ALCR requirement is applied this is similar to an absolute noise requirement (option 2).
Observation 2: An absolute noise out requirement would allow for lower gain higher NF repeater which would have reduced usable range.
Observation 3: Whilst both option 1 (NF measurement) or option 3 (EVM) are both suitable means to measure NF, option 3 seems a better solution.
Proposal 1: Introduce a co-channel noise figure requirement in the form of an EVM requirement at a low output power, where:
	Pin = -174 + 10*log10(CBW) + NF + 20*log10(EVM/100)
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