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1 Introduction
In the last meeting the WF (R4-2203025) on the NF equivalent requirements was agreed. There was some progress made on the issue and the WF captured the open issues.
Those open issues will be discussed in this paper.
2 Discussion
Bit was agreed that both low power EVN and a within passband OBUE requirement would be pursued. With the proviso that the low power EVM would be used as a boundary for the core EVM requirement only and not be tested.
2.1	Low power EVM
The WF capture eh following considerations:
Agreement: 
Define core requirement for input level range for which EVM needs to be met, but test only maximum power
Still open:
Further discuss candidate values for the minimum input power level for which EVM needs to be met together with channel BW and modulation.
Proposed methodologies, still needing further discussion:
· Option 1: Set budget for thermal noise and other sources assuming they are non-correlated; NF could be class-dependent. Derive input power level based on the budget.
· Option 2: state that the EVM shall be met for output power levels from maximum output power down to some margin, XdB below maximum output power

The minimum input power for EVM can be calculated as follows:
Pin = -174 + 10*log10(CBW) + NF - 20*log10(EVM/100)+IM
There are a number of issues to consider here as represented by the variables in the equation.
Noise figure
The noise figure for the repeater should be similar to the BS, this is class dependent:
WA NF = 5dB
MR NF = 10dB
LA NF = 13dB
This figures can be used for the min EVM calculation.
EVM
This represents the allowable EVM degradation, for FR1 the general EVM requirement is 8% with the 256 QAM option requiring a 3.5% level.
The smaller the allowable EVM degradation the larger the minimum signal needs to be. EVM degradation in a BS is due to a number of things:
	Non-linearity’s (specifically PA)
	Phase noise
	PAR reduction algorithms
	Quantisation in converters
	Filter ripple
Generally the PAR reduction algorithm is dominant, this is not an issue in a repeater, nor is converter quantisation. PA non-linearity’s are usually not a limiting factor in EVM as the -45dBc ALCR requirement is dominant when it comes to PA linearity (45dBc~0.5% EVM). So for a repeater this leaves potentially phase noise and filter distortion. In a BS the contribution of these factors is minimal.
The repeater has no inside passband ACLR requirement, although outside the passband but inside the operating band is valid but potentially may be assisted with a filter but significant rejection the adjacent channel is unlikely.
EVM therefore may not be a particular difficult requirement to meet for a repeater, if ACLR were managed with filtering and the entire EVM budget allocated to the PA it would need only ~22dB ACLR (and a further 23dB out of passband filtering). This would then imply that at low power the part of the budget allocated to the PA could be allocated to noise.
However if we allocate to large a portion of the EVM budget at low power to noise this may prevent other valid implementations.
As we have no detailed agreed EVM budget for the repeater a pragmatic approach would be to allocate 50% of the allowable EVM to the noise figure noise. As this is Gaussian noise it is uncorrelated with other sources so the calculation can be done RMS.
	((8^2)/2)^0.5=5.6
And for 256 QAM
	((3.5^2)/2)^0.5=2.5
CBW
The important parameter here is not the pass band width but the noise bandwidth of the EVM signal in a similar way to the receiver sensitivities relationship to the FRC. For FR1 we have bandwidth configurations ranging from 5MHz to 100MHz. In the BS test spec the EVM test signal is a 5MHz channel tested at B,M,T (100MHz if operating band is >100MHz). Whilst this is a conformance set up it would be used to specify the min power EVM in the same way FRC’s are used to specify the reference sensitivity. That way the CBW could be a fixed figure and there would be no need to recalculate for different CBW. As it is valid for any 5MHz part of the passband and the noise would be expected to be relatively flat this seems a suitable method to keep the requirement simple. For the BS there is a proviso that if the BS does not support 5MHz then the smallest available BW is used, but for repeater where the signals is not generated it seems it must have at least 5MHz and hence should always be able to support a 5MHz CBW.
Proposal use a 5MHz 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.

So  using the above we have:
		Pin = -174 + 10*log10(CBW) + NF - 20*log10(EVM/100)+IM
		Pin = -174 + 10*log10(5MHz) + 5 - 20*log10(5.6/100)+2 = -67.6dBm

Proposal 1: 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 5MHz channel (dBm)

	
	Up to 64 QAM
	256QAM note 1

	WA
	--75
	-68

	MR
	-70
	-63

	LA
	-67
	-60

	Note 1: 256 QAM optional by manufacturers declaration



2.2	In-passband OBUE
It was agreed in the last meeting that
For UL side, specify for adjacent PRBs (ref. UE in-band emission) 
For DL side, specify for adjacent carriers (ref. absolute ACLR) 
It remains open to agree the actual level:
Candidate options:
Option 1: actual limit in dBm, both for UL and DL
Option 2: please list other missing aspects

Proposed further methodologies to set the requirement:
· Option 1: use OBUE emission level
· Option 2: use absolute ACLR
· For both options
· Level can could be different for UL and DL
· Level could be different based on class

Assuming a repeater gain of 90dB and a NF of 5dB the passband output noise of the repeater will be:
	Pout = -174 + 10*log10(1MHz) + 5 + 90 = -19dBm
This compares to a CAT B WA requirement of -15dBm/MHz (which is the same as the ACLR absolute level)
Using the MR and LA NF assumptions we have
For MR
	Repeater noise = -14dBm
	CAT B MR OBUR requirement -25dBm/100kHz (31< Prated,x  38 dBm) ≡-15dBm/MHz
								-29dBm/100mHz (Prated,x  31 dBm) ≡ -19dBm/MHz
		ACLR absolute limit = -25dBm/MHz
For LA
		Repeater noise = -11dBm
	CAT B MR OBUR requirement -32dBm/100kHz ≡-12dBm/MHz
		ACLR absolute limit = -32dBm/MHz
Oddly the ACLR absolute limit is tougher than the OBUE absolute limit for the MR and LA classes.
The OBUE limit is broadly in line with the expected nose from the repeater using the assumptions above but the repeater would still not be able to meet the limits.
One issue which has not been discussed of course is that the MR and LA repeaters will most likely have lower gain than the WA, although as the class is associated with the transmission side it is possible that the amplifier chain may have a WA receiver and a LA transmitter, or a LA receiver and a WA transmitter. If we use the lower output power as a guide to the smaller cell size and lower gain requirements then we cannot take of twice the difference as would be the case if both transmitter and receiver were LA (for example) but it would be expected the gain is lower because a LA receiver will have a smaller cell and hence receive larger signals (and hence require less gain) or a LA transmitter will have lower output power.
So for MR we can estimate the typical gain as 90dB – (PWA-PMR) = 90 – (43-38) = 85dB
And for LA gain can be estimated as 90dB-(PWA – PLA) = 90 – (43-24) = 71dB
So for MR the estimated output power is -24dBm/MHz
And for LA its -30dBm/MHz
In both cases they are in line with the OBUE limits but would fail the absolute ACLR limits.
As we have already agreed no inside passband ACLR limits it’s only for study that the ACLR limits are compared. It seems a reasonable set of gain and noise figure assumptions for the repeater for each class is such that they would be able to meet the OBUE limits inside the passband. As such it is ok to use the BS OBUE limits (for the BS side transmission i.e. DL).
Proposal 2: The DL OBUR inside passband limits can be the same as the BS limits (for the appropriate class)
For the UL the repeater noise performance will be similar, the UE SEM limits however are tougher than the BS, with a required level of -25dBm/MHz in the second adjacent channel and are of course not class dependent and are generated for UE’s with output power closer to LA than the WA and MR levels we have specified for repeaters.
The UE level seems appropriate for the LA UL class but would mean that the gain may be limited if the same level were applied to the WA UL class.
Proposal 3: The UE SEM limit (-25dBm/MHz) can be used for the UL LA class
For the WA class with no power limit it is difficult to use the UE SE level as this would limit gain (which would in turn limit output power). As we have not done any co-existence simulations for the no power limit UL repeater it’s difficult to understand the potential effect on the potential impacts of using the BS OBUE levels in the UL. However generally UE in-band performance is not as good as the BS when considering ACLR for example. For the WA UL class we have agreed to use the BS ACLR limits which for high power are likely the dominant in-band interference hence it seems low risk to also adopt the BS OBUE limits. It can be noted that this is inside passband performance where the operator is expected to consider the implications to their own network of deploying high power UL repeaters so there is no risk to other operators channels
Proposal 4: The BS WA OBUE limit is used for the UL WA class.

Summary
Proposal 1: 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 5MHz channel (dBm)

	
	Up to 64 QAM
	256QAM note 1

	WA
	--75
	-68

	MR
	-70
	-63

	LA
	-67
	-60

	Note 1: 256 QAM optional by manufacturers declaration



Proposal 2: The DL OBUR inside passband limits can be the same as the BS limits (for the appropriate class)
Proposal 3: The UE SEM limit (-25dBm/MHz) can be used for the UL LA class
Proposal 4: The BS WA OBUE limit is used for the UL WA class.
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