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1. Introduction
In RAN4#101-e a WF in [1] was agreed capturing the following on Noise Figure and OOB gain. NF equivalent requirements:
NF can be covered by the equivalent requirements with below options:
· Option 1: Perform EVM conformance test with minimum input power 
· Option 2: Absolute maximum output power with no input within part of passband e.g. inside passband OBUE
Only one option should be selected in the end from RAN4 core requirements aspect
OOB gain:
RAN4 aims to conclude OOB gain requirements in RAN4#101-bis meeting based on the input from companies. It’s not precluded companies can continue offline discussion to align the assumption for evaluation before RAN4#101-bis meeting.



In this contribution, we discuss the out of band gain related conducted requirements for FR1. 
2. Discussion
2.1 NF or equivalent requirements
In RAN4#101-e NF or equivalent requirements were discussed, with the outcome that NF requirement was ruled out and either EVM or absolute maximum power within inside passband could be defined. 
It is well understood that noise amplification is the price to pay for introducing repeaters into network deployment. In general, repeaters without signal regeneration capabilities should not operate in low SNR regime unless they provide the only path for the communication to happen, i.e., causing outage if repeater is turned OFF. 
 
[bookmark: _Hlk85634367]Even EVM measure could be irrelevant unless the channel condition is also specified. There can be situations where neither the UE-repeater link nor the direct UE-gNB link alone could support an EVM target, but the combined channel from these two links provides gNB a better SNR to meet the EVM target. This means that successful communication with higher modulation is still possible even though repeater output EVM does not meet some stringent requirement.

Observation 1: EVM requirement can disqualify repeaters that are beneficial in real in-the-field conditions, in addition to increasing the cost and complexity in many cases unnecessarily.
One should also note that typical RF designs do not result in constant noise performance through the full power/gain range. That is, when high powered input signals are present, gain control typically reduces the gain, which normally increases the noise level. The impact can be significant, which can be seen in current UE and BS requirements where blocking requirements are typically defined with 6 dB degraded sensitivity. 
Observation 2: Specifying repeater EVM at low input power is not a guarantee that same noise performance is applicable through the operating power/gain range.
Proposal 1: Do not introduce low power EVM requirements, consider power limit instead.
The power limit is discussed further in companion contribution [3] which handles all emission related aspects more in detail.
2.2 OOB gain requirements
The intention of out-of-band gain requirements is to ensure that when repeater amplifies also (some of) unwanted signals outside of the desired frequency range to be repeated, the total emissions of the system still stay in control and co-existence conditions do not become worse for system operating in adjacent frequencies. For example, if there is 60 dB pathloss including antenna gains between the gNB and repeater, the repeater can amplify the unwanted emissions of the gNB by 60 dB and the resulting emission level at repeater output is the same as at the gNB output. This example assumes that repeater does not add any emissions in the system, which of course is not realistic.
To have an understanding on how much gain on out-of-band frequency could be allowed, some examples of path losses with different channel models and distances were calculated. These are included in table 1 to table 4. A comparison of the pathloss models at 700 MHz and 5 GHz frequencies are shown in Figures 1 and 2. Path loss models were taken from TR 38.901 [2].
Table 1: Free space path loss
	Frequency [GHz]
	
	0.7
	2
	5

	Distance [m]
	2
	35.4
	44.5
	52.4

	
	10
	49.3
	58.5
	66.4

	
	50
	63.3
	72.4
	80.4

	
	100
	69.3
	78.5
	86.4

	
	200
	75.4
	84.5
	92.4

	
	500
	83.3
	92.4
	100.4

	
	1000
	89.3
	98.5
	106.4



Table 2: Urban Macro LOS
	Frequency [GHz]
	
	0.7
	2
	5

	2-D distance [m]
	10
	55.9
	65.0
	72.9

	
	50
	63.2
	72.4
	80.3

	
	100
	69.2
	78.3
	86.2

	
	200
	75.6
	84.7
	92.7

	
	500
	84.3
	93.4
	101.4

	
	1000
	90.9
	100.0
	108.0



Table 3: Urban Macro NLOS
	Frequency [GHz]
	
	0.7
	2
	5

	2-D distance (m)
	10
	65.4
	74.6
	82.5

	
	50
	78.5
	87.7
	95.6

	
	100
	89.1
	98.2
	106.1

	
	200
	100.5
	109.6
	117.6

	
	500
	115.9
	125.1
	133.0

	
	1000
	127.7
	136.8
	144.8



Table 4: Urban Micro LOS (street canyon)
	Frequency [GHz]
	
	0.7
	2
	5

	2-D distance (m)
	10
	52.8
	61.9
	69.9

	
	50
	65.1
	74.2
	82.2

	
	100
	71.3
	80.5
	88.4

	
	200
	77.6
	86.8
	94.7

	
	500
	86.0
	95.1
	103.1

	
	1000
	92.3
	101.4
	109.4





Figure 1: Path loss comparison at 700 MHz
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Figure 1: Path loss comparison at 5000 MHz
It can be observed that when antenna gains are not taken into account, the path loss at 10m distance varies from 66 to 83 dB depending on propagation model at 5 GHz frequency and at 700 MHz corresponding numbers are 49 dB to 65 dB.
Typically a sector antenna used at FR1 has approximately 17 dBi gain. Assuming similar antennas are used both in the repeater and gNB, total of 34 dB antenna gain needs to be reduced from the pathloss numbers. Some additional margin may also need to be reserved to take into account the emissions generated by the repeater itself. This would indicate that one possible value for out-of-band gain would be only 49 – 34 = 15 dB. This would be an extremely tight requirement and 45 dB more stringent than what is defined for LTE FDD repeaters in TS 36.106. Therefore, reasonable selection for separation distance and antenna gains have to be used when deriving the OOB gain requirement.
As the difference in path loss is rather significant at 700 MHz and 5 GHz, different requirements could be considered for different frequency ranges. In addition, filter transition band from pass band to stop band is significantly narrower in MHz at lower frequencies than at higher frequencies. However, the baseline assumptions reached in RAN4#101-e that within a passband all carriers belong to same or collaborating operators can be interpreted that rather operator spectrum holdings than operating band bandwidths are to be looked at. Therefore, less difference between higher and lower operating bands is expected.
Observation 3: Reasonable selection for separation distance and antenna gain needs to be done when deriving the OOB gain requirement.
If the analysis is restricted to signals originating from the donor BS and in DL direction, it can be assumed that repeater and donor BS are not placed immediately next to each other. However, for outdoor-to-indoor use case the distance may not be that large either. If we look at 100 meters distance the worst case path loss (smallest path loss) is approximately 70 dB at 700 MHz and 86 dB at 5 GHz. Again, considering 17 dBi sector antennas this would result in 34 dB reduction in allowed out-of-band gain to 46 to 52 dB. 
Considering realistic filter implementation, it seems reasonable to target average out-of-band gain at this range, while allowing higher gain immediately adjacent to passband edge. As a comparison point, current LTE repeater specification allows on average 48.2 dB OOB gain in first 20 MHz outside passband edge, while the 1 MHz next to passband edge is allowed 60 dB gain. 48 dB is relatively close to 46 dB from earlier analysis, and it could be considered that current LTE repeater requirements can be re-used below [2000] MHz operating frequencies.
Proposal 2: Consider re-using LTE repeater requirements at below 2000 MHz frequencies.
For higher frequencies wider spectrum allocations are typical, as well as higher path losses give room for higher OOB gain. Therefore, a mask was designed to result in average 55 dB OOB gain at first 20 MHz, matching also the pathloss increase from 700 MHz to 2 GHz. The result is shown in Table 5
Table 5: Proposed OOB gain for above 2 GHz frequencies
	Frequency offset, f_offset_CW
	Maximum gain

	0,2 £ f_offset_CW < 5,0 MHz
	60 dB

	5,0 £ f_offset_CW < 15,0 MHz
	45 dB

	15,0 MHz £ f_offset_CW
	35 dB



The average OOB gain from this mask for the first 20 MHz is 54.3 dB.
Proposal 3: Consider using mask in table 5 is used for OOB gain above 2 GHz frequencies.
The obvious downside of proposals 5 and 6 are that they only consider donor BS as the signal source. Other signal sources, e.g. base stations of other operators using the adjacent channel, could be closer to the repeater. Therefore, there is a risk that the proposed requirements are not stringent enough and result in a risk of excessive interference in the network.
Observation 4: Proposals 2 and 3 do not take into account other signal sources than donor BS and therefore there is a risk that the requirements are not stringent enough.
So far the discussion for out-of-band gain requirements has concentrated purely on downlink. RAN4 should consider further whether OOB gain requirement is necessary for uplink.
Proposal 4: RAN4 to consider whether OOB gain requirement is needed for UL
3. Conclusion
In this contribution, we have discussed EVM, NF and OOB gain requirements for FR1 NR repeaters. We have made following observations and proposals:
Observation 1: EVM requirement can disqualify repeaters that are beneficial in real in-the-field conditions, in addition to increasing the cost and complexity in many cases unnecessarily.
Observation 2: Specifying repeater EVM at low input power is not a guarantee that same noise performance is applicable through the operating power/gain range.
Proposal 1: Do not introduce low power EVM requirements, consider power limit instead.
Observation 3: Reasonable selection for separation distance and antenna gain needs to be done when deriving the OOB gain requirement.
Proposal 2: Consider re-using LTE repeater requirements at below 2000 MHz frequencies.
Proposal 3: Consider using mask in table 5 is used for OOB gain above 2 GHz frequencies.
Table 5: Proposed OOB gain for above 2 GHz frequencies
	Frequency offset, f_offset_CW
	Maximum gain

	0,2 £ f_offset_CW < 5,0 MHz
	60 dB

	5,0 £ f_offset_CW < 15,0 MHz
	45 dB

	15,0 MHz £ f_offset_CW
	35 dB



Observation 4: Proposals 2 and 3 do not take into account other signal sources than donor BS and therefore there is a risk that the requirements are not stringent enough.
Proposal 4: RAN4 to consider whether OOB gain requirement is needed for UL
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Path loss comparison (5 GHz)
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