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1. Introduction
In last RAN4 #99 e-meeting, a new WF on NR repeaters RF requirement [1] is approved. And the remaining issue is how to define ACLR, absolute adjacent channel emission requirements is the candidate options for ACLR with different measurement granularity. 
In this contribution, we focus to discuss ACLR requirements only for FR1 repeater.
2. Discussion
In E-UTRA repeater spec, no ACLR requirement is defined and the reason is the amplified thermal noise at adjacent channel is larger than adjacent leakage of ACLR requirements with 90 dB repeater gain assumption. However for some repeaters with less amplification gain, ACLR requirement could be measurable since the amplified thermal noise is less than adjacent leakage. 
In following discussion, we will use the parameters defined in Table 1 to show how the amplification gain would impact ACLR verification based on the output power assumption discussed in [2].
[bookmark: _Ref496850297]Table 1: Parameters of the Repeater model.
	Parameter
	Description
	Unit
	Assumed value
	Comment

	G
	Repeater gain
	dB
	-
	Maybe different for DL and UL since the class definition for DL and UL is decoupled

	Pout_DL_max
	maximum Repeater average output power measured with 100MHz NR signal
	dBm
	43 dBm for WA
38 dBm for MR
24 dBm for LA
20dBm for home class
	DL value

	DL equivalent ACLR
	Equivalent ACLR as NR BS
	dBc
	45dBc
	DL

	UL equivalent ACLR
	Equivalent ACLR as NR UE
	dBc
	The same as UE spec
	UL

	Pout_UL_max
	maximum Repeater average output power measured with 100MHz NR signal.
	dBm
	23dBm, 26 dBm, 29dBm, 31dBm
	UL value

	NF
	Repeater Noise Figure
	dB
	5 dB
	valid for UL and DL

	N_therm (100MHz)
	Thermal Noise Power density in a Bandwidth of 100MHz
	dBm / 100 MHz
	-94 dBm / 100MHz
	-174 dBm/Hz (at 25 °C) + 80 dB 


2.1 DL ACLR
There are two options for repeater DL ACLR, one is to define relative ACLR and the other is to define absolute leakage emission in the whole adjacent channel. Before the choice of relative ACLR or absolute emission, at first we should identify whether ACLR is measurable or not.
The Repeater DL SNR equals to： 
	S / N_Downlink = Pout_DL_max /( N_therm+NF+G)=132-G dB for WA =127-G dB for MR=113-G dB for LA=109-G dB for home class
If we use relative ACLR for NR repeater, 45dBc is assumed as S/ leakage at adjacent channel = 45dB. If we assume ACLR is measurable, then S / N_Downlink > 45dB with following gain assumption:
G<87 dB for WA, G<82dB for MR, G<68 dB for LA and G<64dB for home class.


Fig 1. The illustration of unmeasurable ACLR
Table 2: DL gain to guarantee ACLR is measurable with maximum output power assumption
	scenario
	DL gain to guarantee ACLR is measurable

	WA
	G<87 dB

	MR
	G<82dB

	LA
	G<68dB

	Home class
	G<64dB



For the home class with less coverage range, common amplification gain is less than 60dB, no more than 64dB. Therefore at least for DL home class, relative ACLR is measurable. 
There are two candidate values for home class relative ACLR.
· 43.8dBc as defined in CCSA (Chinese Communication Standardization Association) spec based on simulation results.
· 45dBc the same as E-UTRA BS home class 
Proposal 1: [45 dB] or [43.8 dB] relative ACLR for home class is suggested because its relative ACLR is measurable with the assumption of 20dBm maximum output power and less than 64dB amplification gain.
If we use absolute emission as the criteria, the total emission in adjacent channel is listed as below with 43dBm, 38dBm, 24dBm and 20dBm output power assumption of BS.
Table 3: total emission in adjacent channel to achieve the same protection as NR
	
	WA
	MR
	LA
	Home class

	Total emission in adjacent channel/100MHz
	43-45=-2dBm
	38-45=-7dBm
	24-45=-21dBm
	20-45=-25dBm


The average power density among the whole adjacent channel BW is listed as below:
Table 4: average power density among the whole adjacent channel BW
	
	WA
	MR
	LA	
	Home class

	Power density among adjacent channel
	-22dBm/MHz
	-27dBm/MHz
	-41dBm/MHz
	-45dBm/MHz


If we assume amplification gain is larger than the value in table 2, then the amplified noise by repeater is even larger than above power density among adjacent channel, making the total emission un-measurable.
Therefore, when amplification gain is larger than the value defined in table 2, it’s impossible to measure the total emission among adjacent channel BW to support 45dB ACLR requirements.
Proposal 2: we should at first discuss the common repeater gain for each class respectively and then identify whether ACLR regardless relative ACLR nor absolute ACLR is measurable. Besides, if we want to define absolute emission in the adjacent channel we should identify output power assumption for BS at first.
Proposal 3: the limit of amplification gain to make ACLR measurable is listed in above table 2 with 43dBm, 38dBm, 24dBm, 20dBm output power assumption for both repeater and BS.
2.1 UL ACLR
The remaining issue is how to define the baseline for repeater UL. some companies prefer to take BS ACLR spec as the baseline while others prefer to take UE ACLR spec as the baseline. Since ACLR requirement is related to output power, UE spec instead of BS spec is more preferred as baseline to calculate repeater UL ACLR equivalent requirements.
Proposal 4: UE ACLR requirements still apply for repeater UL.
The Adjacent Channel Leakage Ratio (ACLR) as defined for UE is listed in table 5, 
Table 5: NR UE ACLR requirement
	
	Power class 11
	Power class 1.5
	Power class 2
	Power class 3

	NR ACLR
	37 dB1
	31 dB
	31 dB
	30 dB

	NOTE 1:	Applicable for power class 1 UE operating in Band n14.



There are two options for repeater UL ACLR, one is to define relative ACLR and the other is to define absolute leakage emission in the whole adjacent channel. Before the choice of relative ACLR or absolute emission, at first we should identify whether ACLR is measurable or not.
The Repeater UL SNR equals to:
	S / N_uplink = Pout_UL_max /( N_therm+NF+G)=120-G dB for PC1=118-G dB for PC 1.5=115-G dB for PC 2=112-G dB for PC3
If we use relative ACLR for NR repeater, then S / N_uplink should be larger than the ACLR value as listed in table 5:
S / N_uplink > 37dB for PC1; >31 dB for PC1.5 and PC2; > 30dB for PC3
This leads to gain
G<83 dB for PC1, G<87dB for PC1.5, G<84 dB for PC2 and G<82dB for PC3.
Table 6: UL gain to guarantee ACLR is measurable
	Power class for UL
	UL gain to guarantee ACLR is measurable

	PC1
	G<83 dB

	PC1.5
	G<87dB

	PC2
	G<84 dB

	PC3
	G<82 dB


It seems that when amplification gain is larger than the value defined in table 6, it’s impossible to measure relative ACLR to support the same UE ACLR requirements. 
If we use absolute emission as the criteria, the total emission in adjacent channel is listed as below with UE maximum output power assumption. 
Table 7 total emission in adjacent channel with the same assumption of output power and ACLR as UE spec
	Repeater UL backhaul output power
	PC1
	PC1.5
	PC2
	PC3

	Total emission in adjacent channel
	31-37=-6dBm
	29-31=-2dBm
	26-31=-5dBm
	23-30=-7dBm


Average power density among the whole adjacent channel is as below:
Table 8 power density in adjacent channel with the same assumption of output power and ACLR as UE spec
	
	PC1
	PC1.5
	PC2
	PC3

	Power density among adjacent channel
	-26dBm/MHz
	-22dBm/MHz
	-25dBm/MHz
	-27dBm/MHz


If we assume amplification gain is larger than the value in table 6, then the amplified noise by repeater is even larger than above power density among adjacent channel, making the total emission un-measurable.
Therefore, when amplification gain is larger than the value defined in table 6, it’s impossible to measure the total emission among whole adjacent channel to support the same UE ACLR requirements.
Proposal 5: we should at first discuss the common repeater gain for each repeater UL class respectively and then identify whether ACLR regardless relative ACLR nor absolute ACLR is measurable. Besides, if we want to define absolute emission in the adjacent channel we should identify output power assumption for UE at first.
Proposal 6: the limit of amplification gain to make UL ACLR measurable is listed in above table 6 with maximum UE output power assumption.
For repeater with UL output power larger than any UE power class, one remaining issue is the relative ACLR baseline since it can’t follow NR UE spec. there are two options for this kind of repeater:
· Leave it for implementation 
· reuse the most stringent adjacent channel emission requirements among four power classes, i.e. -7dBm/100MHz as in table 7
· reuse the most relax adjacent channel emission requirements among four power classes, i.e. -2dBm/100MHz as in table 7
it is preferred to reuse the most stringent adjacent channel emission requirements among four power classes for repeater with output power larger than any UE power class to achieve a better adjacent channel interference protection as repeaters whose output power is less than any UE power class.

Proposal 7: for repeaters with output power larger than any UE power class, the most stringent ACLR requirement is suggested to achieve the same adjacent channel protection as repeaters with output power less than any UE power class.
2.2 spurious emissions
As approved in WF[1], the same spurious emission requirements as NR BS spec still apply to DL(access link). It is noted this principle only applies for WA, MR and LA. For home repeater with lower output power and lower cost, the requirement should be less stringent. 
Among the set of spurious emission requirement, co-location spurious is one kind of requirements that have different limits for different classes. It is very hard for home class or equivalent lower power repeater to meet WA co-location spurious emission. Therefore, co-location spurious requirement is suggested to be negligible for home class or equivalent lower power repeater.
Proposal 8: co-location spurious requirement is suggested to be negligible for DL home class repeater or equivalent low power class.
3. Conclusions
In this contribution, NR repeater emission related conducted requirements are discussed with following observation and proposals:
Proposal 1: [45 dB] or [43.8 dB] relative ACLR is suggested for home class with the assumption of less than 64dB amplification gain.
Proposal 2: we should at first discuss the common repeater gain for each class respectively and then identify whether ACLR regardless relative ACLR nor absolute ACLR is measurable. Besides, if we want to define absolute emission in the adjacent channel we should identify output power assumption for BS at first.
Table 2: DL gain to guarantee ACLR is measurable with maximum output power assumption
	scenario
	DL gain to guarantee ACLR is measurable

	WA
	G<87 dB

	MR
	G<82dB

	LA
	G<68dB

	Home class
	G<64dB



Proposal 3: the limit of amplification gain to make DL ACLR measurable is listed in above table 2 with 43dBm, 38dBm, 24dBm, 20dBm output power assumption for BS.
Proposal 4: UE ACLR requirements still apply for repeater UL.
Proposal 5: we should at first discuss the common repeater gain for each repeater UL class respectively and then identify whether ACLR regardless relative ACLR nor absolute ACLR is measurable. Besides, if we want to define absolute emission in the adjacent channel we should identify output power assumption for UE at first.
Table 6: UL gain to guarantee ACLR is measurable
	Power class for UL
	UL gain to guarantee ACLR is measurable

	PC1
	G<83 dB

	PC1.5
	G<87dB

	PC2
	G<84 dB

	PC3
	G<82 dB



Proposal 6: the limit of amplification gain to make UL ACLR measurable is listed in above table 6 with maximum UE output power assumption.
Proposal 7: for repeaters with output power larger than any UE power class, the most stringent ACLR requirement is suggested to achieve the same adjacent channel protection as repeaters with output power less than any UE power class.
Proposal 8: co-location spurious requirement is suggested to be negligible for DL home class repeater or equivalent low power class.
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