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1. Introduction
In last RAN4 #99 e-meeting, a new WF on NR repeaters RF requirement [1] is approved to show the principle and help to direct future discussion. 
For DL: ACLR or some equivalent requirements are required for DL to meet the same adjacent channel protection as NR spec. Wait for the output power before ACLR definition. Modified OBUE, absolute ACLR are both the candidates for ACLR definition. Based on the outcome of ACLR discussion, corresponding requirements are specified for non-adjacent carrier CACLR and non-adjacent pass-band CACLR
For UL: Wait for the conclusion of output power before UL ACLR definition. After output power requirements are defined consider at least following options: option 1-BS ACLR is applied, option 2-same absolute ACLR, if defined, is applied for DL and UL.
In this contribution, we focus to discuss repeater emission requirements only for FR2.
2. Discussion
2.1 ACLR is measurable or not
If repeater noise after amplification is larger than adjacent channel emission of ACLR requirements, the ACLR requirement is unmeasurable. This could be described as following formula when ACLR is unmeasurable. 

According to above formula, amplification gain and output power are two key factors than will determine whether ACLR is unmeasurable or not. For FR2 DL repeater, both of these two factors are not specified with specific value, we could only define ACLR related requirements assuming relative ACLR is unmeasurable. For FR2 UL repeater, relative ACLR is also assumed as unmeasurable since the gain is not specified.
Observation 1: for repeater UL and DL, the amplification gain and output power will determine whether ACLR is measurable or not.
2.2 Baseline to calculate repeater’s equivalent DL ACLR requirement
In last meeting, it is approved that ACLR or some equivalent requirements are required for DL to meet the same adjacent channel protection as NR BS spec. In NR FR2 spec, less stringent requirements between absolute ACLR and relative ACLR would apply for. The practical less stringent is listed as below based on different output power range. 
Table 1 ACLR requirements for FR2 gNB
	
	WA
	MR
	LA

	Output power larger than 15dBm/MHz
	28dBc relative ACLR for 24.25-33.4Ghz
26dBc relative ACLR for 24.25-33.4Ghz
	28dBc relative ACLR for 24.25-33.4Ghz
26dBc relative ACLR for 24.25-33.4Ghz
	28dBc relative ACLR for 24.25-33.4Ghz
26dBc relative ACLR for 24.25-33.4Ghz

	Output power less than or equal to 15dBm/MHz
	-13 dBm/MHz absolute ACLR
	-20 dBm/MHz absolute ACLR
	-20 dBm/MHz absolute ACLR



Since practical output power of gNB will determine adjacent channel emission limits which is the baseline for repeater DL ACLR, we should at first determine gNB DL output power assumption before defining repeater DL ACLR requirements to achieve the same adjacent protection as gNB.
Proposal 1: We should at first determine gNB DL output power assumption before defining repeater DL ACLR requirements to achieve the same adjacent protection as gNB as listed in table 1.
2.3 Repeater DL equivalent ACLR requirements
If final output power assumption of gNB is larger than 15dBm/MHz, relative ACLR is the baseline for repeater DL. One choice for equivalent ACLR is to define total adjacent channel emission based on 28/26dBc relative ACLR as listed below:
Table 2 equivalent ACLR requirements for repeater DL with different gNB output power assumption
	
	WA
	MR
	LA

	Assumed output power for gNB is larger than 15dBm/MHz
	(Pout – 28) dBm among the whole adjacent 100MHz channel for 24.25-33.4Ghz where Pout is output power with 100MHz bandwidth of gNB
(Pout – 26) dBm among the whole adjacent 100MHz channel for 37-52.6GHz where Pout is output power with 100MHz bandwidth of gNB
	(Pout – 28) dBm among the whole adjacent 100MHz channel for 24.25-33.4Ghz where Pout is output power with 100MHz bandwidth of gNB
(Pout – 26) dBm among the whole adjacent 100MHz channel for 37-52.6GHz where Pout is output power with 100MHz bandwidth of gNB
	(Pout – 28) dBm among the whole adjacent 100MHz channel for 24.25-33.4Ghz where Pout is output power with 100MHz bandwidth of gNB
(Pout – 26) dBm among the whole adjacent 100MHz channel for 37-52.6GHz where Pout is output power with 100MHz bandwidth of gNB

	Assumed output power for gNB is less than or equal to 15dBm/MHz
	-13 dBm/MHz among the whole adjacent channel
	-20 dBm/MHz among the whole adjacent channel
	-20 dBm/MHz among the whole adjacent channel


For FR2, the key point is to guarantee above total adjacent channel emission is still measurable. For extreme large amplification gain, it will contribute to large noise. If average adjacent channel emission power density of repeater is less than amplified noise then we could not know practical total adjacent channel emission. We list the gain limits to make above total emission requirements measurable.
Table 3: limit of amplification gain to make equivalent ACLR requirements measurable
	
	WA
	MR
	LA

	Assumed output power for gNB is larger than 15dBm/MHz
	-174dBm/Hz+1MHz+7dB NF + gain < (Pout – 48) dBm/MHz for 37-52.6Ghz where Pout is output power with 100MHz bandwidth
Pout - gain >-59dBm and Pout > 35dBm
Then
Gain < 94dB for 24.25 – 33.4 GHz
Gain < 92dB for 37-52.6Ghz
	--174dBm/Hz+1MHz+7dB NF + gain < (Pout – 48) dBm/MHz for 37-52.6Ghz where Pout is output power with 100MHz bandwidth
Pout - gain >-59dBm and Pout > 35dBm
Then
Gain < 94dB for 24.25 – 33.4 GHz
Gain < 92dB for 37-52.6Ghz
	-174dBm/Hz+1MHz+7dB NF + gain < (Pout – 48) dBm/MHz for 37-52.6Ghz where Pout is output power with 100MHz bandwidth
Pout - gain >-59dBm and Pout > 35dBm
Then
Gain < 94dB for 24.25 – 33.4 GHz
Gain < 92dB for 37-52.6Ghz

	Assumed output power for gNB is less than or equal to 15dBm/MHz
	-174dBm/Hz+1MHz+7dB NF + gain <-13 dBm/MHz 
Gain<94dB
	-174dBm/Hz+1MHz+7dB NF + gain <-20 dBm/MHz 
Gain<87dB
	-174dBm/Hz+1MHz+7dB NF + gain <-20 dBm/MHz 
Gain<87dB



Observation 2: if gain is larger than the value in above table then it’s hard to measure repeater ACLR requirements.
Proposal 2: the equivalent ACLR requirement as listed in table 2 is suggested for repeater DL only when the gain meet the limits in table 3, otherwise no ACLR requirement is required since it’s hard to measure it.
As we see, if we use uniform absolute emission as equivalent ACLR requirements, it seems the OBUE requirements in the frequency offset range from the carrier edge to cerrier edge plus channel bandwidth are not applicable. However the remaining frequency offset range should still maintain the same as gNB. One choice is to exclude such frequency offset from the definition of OBUE and only define OBUE requirements within frequency offset that’s ranging from carrier edge plus carrier bandwidth. However, this method would make the spec hard to read. One alternative way is to still reuse the same spec as gNB but the more stringent requirement between ACLR and OBUE could apply for.
Proposal 3: the same OBUE requirements as gNB still apply for repeater DL with some modifications of the description of frequency edge. But it should be noted the more stringent requirement between OBUE and absolute ACLR requirements finally apply for repeater if the assumed output power of gNB is less than 15dBm/MHz.
2.5 spurious emissions
General spurious requirement doesn’t distinguish between category B BS and UE. The same logic could still apply for repeater that DL and UL could be specified with the same spurious emission requirements.
Proposal 4: the same general spurious emission requirements as NR BS spec still apply for DL(access link) and UL(backhaul link) for all FR2 classes.
3. Conclusions
In this contribution, NR repeater emission related radiated requirements are discussed with following observation and proposals:
Observation 1: for repeater UL and DL, the amplification gain and output power will determine whether ACLR is measurable or not.
Proposal 1: We should at first determine gNB DL output power assumption before defining repeater DL ACLR requirements to achieve the same adjacent protection as gNB as listed in table 1.
Observation 2: if gain is larger than the value in table 3 for DL then it’s hard to measure repeater ACLR requirements.
Proposal 2: the equivalent ACLR requirement as listed in table 2 is suggested for repeater DL only when the gain meet the limits in table 3, otherwise no ACLR requirement is required since it’s hard to measure it.
Proposal 3: the same OBUE requirements as gNB still apply for repeater DL with some modifications of the description of frequency edge. But it should be noted the more stringent requirement between OBUE and absolute ACLR requirements finally apply for repeater if the assumed output power of gNB is less than 15dBm/MHz.
Proposal 4: the same general spurious emission requirements as NR BS spec still apply for DL(access link) and UL(backhaul link) for all FR2 classes.
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