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1 Introduction

This contribution considers radiated repeater requirements other than output power and unwanted emissions based on the outcome WF from RAN4#99-e [1]. It is assumed that radiated requirements are defined for FR2.
2 Discussion
2.1 EVM

As discussed in previous contributions, the repeater EVM increases the total link EVM, in addition to the transmitter and receiver EVM of the BS and UE. In addition, the repeater does not improve the SNR beyond the SNR at the repeater input. If the deployment scenario of the repeater is such that the input SNR is below e.g. 10-15dB then it is not relevant to consider low EVM for the repeater, since anyhow the SNR will dominate the link performance. On the other hand, if there are scenarios where the SNR at the repeater input is high (e.g. >20dB) then low EVM may be relevant.

In many cases, achieving a low EVM would risk causing additional cost to the repeater without significant benefit (due to the input SNR). For this reason, we do not believe that repeaters should in general be subject to a stringent mandatory EVM requirement.

The table below indicates the repeater EVM required to avoid a degradation of more and 1dB to the input SNR considering several input SNR levels.

	Input SNR
	Repeater EVM needed to avoid degrading input SNR more than 1dB

	30 dB
	1.5%

	20 dB
	5%

	15 dB
	9%

	10 dB
	16%

	5 dB
	89%


To avoid a stringent mandatory EVM requirement then there are two options; one is to not specify EVM as a conformance requirement. This would spare the addition of EVM conformance testing and some cost/complexity in conformance. Repeater vendors would need to state their EVM performance as part of their product information. An alternative is to specify a range of EVM levels with a declaration of which EVM level is achieved by the repeater.

Proposal 1: Either do not specify EVM as a 3GPP repeater requirement or specify several levels with a declaration.

For the BS and UE, the EVM is related to the applied modulation order. A repeater adds EVM on top of the BS or repeater EVM, and thus the total link EVM can never be equal to the EVM viewed as needed for each modulation order. Furthermore, repeaters do not contain modulation mapping. In our view, for repeaters if there are multiple EVM levels it is not necessary to link the EVM level to any modulation order.

Proposal 2: No need to link repeater EVM levels to modulation orders.

If the EVM level is declared, the question also arises whether the same EVM support needs to be declared for both the DL and the UL directions. Due to the different TX power of UE and BS, it is quite possible, if not likely, that the input SNR may be higher for downlink than for uplink, which implies that at least in theory the EVM level that the repeater is designed for can differ in each direction.

Proposal 3: If EVM level is declared, declare level independently for the DL and UL directions.
2.2 Noise floor
At RAN4#99-e, it was agreed not to create a requirement on reference sensitivity in the same manner as for BS and UE. It was left open whether to include a requirement on Noise Figure, or output power with either no input signal or a low input signal level.

Regarding noise figure, the reason for specifying reference sensitivity in terms of a throughput for BS and UE requirements is that it indirectly reflects the internal noise figure. Otherwise, assessing noise figure is rather difficult.

If no input signal is applied, then the repeater output consists of amplified noise and unwanted emissions. Apart from capturing a limit on the internal noise, a requirement on output power with no applied signal could also be useful for limiting interference within the network in some circumstances. It would be sufficient to measure passband power with no input signal, since unwanted emissions can reasonably be expected to be lower than with full output power.

Proposal 4: Set a requirement on a maximum passband output power level with no input signal applied.

2.3 Input intermodulation

The receiver intermodulation requirement subjects the repeater to two signals outside of the passband whose IM product will fall inside the passband. The requirement is that the output power from the receiver shall not increase by more than 10dB from the output level with no interferers applied.

To define a receiver intermodulation requirement, three issues need to be resolved: the type of interferer, the frequency position of the interferer and the interferer level.

In regard to the type of interferer, the interferer type could be modulated or a CW. For the E-UTRA FR1 specification, a CW is used. However, as discussed in our companion contribution [2], the CW are only applied for one specific frequency point and the test does not cover any variation in input IM performance with frequency. For FR2, we propose a modulated signal with a bandwidth of [50] MHz. It should be further discussed whether an even larger bandwidth might be considered to capture more frequency variation. The other interfering signal should be a CW.

Proposal 5: RX IM signal types are a CW and a modulated signal with bandwidth [50] MHz.

Considering bandwidths of 100MHz and upwards, the nearest position of an RB on a neighbor carrier is around 3MHz from the RF bandwidth edge. Placing the CW around 5MHz from the carrier edge would thus relate to the closest position for a neighbor RB.

The modulated signal should be positioned in frequency such that any IM product would fall into the center of the passband. There is no need to explicitly specify the second CW frequency position, as it would depend on the passband size.

Proposal 6: For RX IM, position the first CW at 5MHz from the passband edge and the second CW such that the IM product falls into the center of the passband.

To decide the CW power levels, it is useful to consider the FR2 blocking requirement. The requirement states that a blocker signal may be expected up to EISREFSENS_50MHz + 33 dB. The blocking level is based upon co-existence simulations of adjacent carriers. Since the blocking level relates to the expected power from adjacent carriers, it is a useful guide to set the power level.  However, for a repeater there is no obvious EISREFSENS_50MHz. To set a consistent requirement, we propose that an assumption is made that the EISREFSENS_50MHz is [-103] dBm. Then interferer power would be -103 + 33 = -70dBm.

 Proposal 7: For RX IM, set the CW power to [-70] dBm.

2.4 Out of band gain

Outside of the passband, in principle the repeater should not amplify signals at all. Amplifying unwanted emissions from other sources would clearly be undesirable. If the wanted carrier of another operator is amplified, then outside of the passband the gain and phase may not be controlled, and the amplified signal may be distorted.

Observation 1: There are two effects of out of band gain: (i) Amplification of unwanted noise from other sources and (ii) re-amplification+distortion of other operators’ carriers.
If an interference source towards a repeater would be another UE, BS, IAB or repeater unwanted emissions then as long as the gain of the repeater would be less than the minimum coupling loss to the source of unwanted emissions, the amplified emissions after the repeater would still be within the unwanted emissions limits. 

Assuming a repeater antenna gain of 24dB and a BS gain of 24dB, then in the downlink, with a repeater-BS separation of 5m and assuming FSPL, the coupling loss would be 27dB. For 2m, the minimum coupling loss assuming 2m separation would be around 20dB. However, assuming full gain for unwanted emissions from a BS in the adjacent channel is very pessimistic, and other loss factors relating to the coupling loss should also be considered. With this in mind, around 30dB may be considered as a conservative worst-case coupling loss and 40dB a potentially more realistic value. For the out of band gain, a value in the range 30-40dB may be sufficient. It is also worthwhile to note that assuming that the repeater is pointing exactly at the source of unwanted emissions, and the unwanted emissions have maximum gain in exactly the direction of the repeater is an extreme worst case, so in reality the out of band gain estimate here is conservative.

Proposal 8: A maximum out of band gain of around 30-40dB is sufficient for avoiding amplification of other unwanted emissions sources.
Another effect of amplification outside of the passband is that the carrier of another operator may be amplified. Outside of the passband, the gain, phase and EVM of the amplified signal may not be controlled and the amplified signal may be distorted compared to the original. The repeated signal on another operator’s carrier will be as strong as or stronger than the direct signal from the operator if the out of band gain is greater than 0dB.

Observation 2: If the out of band gain is greater than 0dB then re-amplified/distorted versions of other operator carriers will be more powerful than the carriers themselves.
How much suppression of other operators carriers passing through the repeater is needed is unclear. If the distortion is so great that the signal is in effect noise like, then it is sufficient if the level of the other operator signal at the output of the repeater is lower than other unwanted emissions. For example, in the adjacent channel if any amplified version of the other operator’s carrier is lower than the ACLR unwanted emissions. If the amplified signal is not noise like, it may be that the repeated distorted signal may cause greater degradations than noise like interference and more suppression is needed.

Observation 3: If a re-amplified/distorted version of another operator’s carrier is reasonable noise-like, then it is sufficient that it is suppressed to be the same order of magnitude as unwanted emissions.
The level of out of band gain needed to cause an adjacent operator carrier to be below the ACLR interference level differs depending on the repeater type in downlink and is shown in the table below:

	Direction / repeater class
	Assumed wanted / adjacent transmit power
	Assumed MCL
	Assumed ACLR
	Maximum OOB gain needed to ensure amplified adjacent operator carrier is below ACLR interference

	DL / Wide Area 
	35 dBm
	30 dB
	-13dBm/MHz (Absolute), 100MHz
	2 dB

	DL / Medium Range
	31 dBm
	30 dB
	-13dBm/MHz (Absolute), 100MHz
	6 dB

	DL / Local area
	24 dBm
	30 dB
	-13dBm/MHz (Absolute), 100MHz
	13 dB

	UL / Wide Area
	31 dBm
	50 dB
	17 dB
	33 dB

	UL / Medium Range
	31 dBm
	35 dB
	17 dB
	28 dB

	UL / Local area
	23 dBm
	27 dB
	17 dB
	10 dB


As can be seen from the table, for wide area repeaters, an out of band gain of less than 25dB is sufficient to suppress the neighbor operator’s carrier to below the ACLR level. For medium range and local area BS, the maximum allowed out of band gain should be lower.

It has been agreed that an ACRR (Adjacent Channel Rejection Ratio) requirement should be created. An ACRR requirement is sufficient to ensure that interference from a neighbor operator carrier is suppressed sufficiently. Thus, we propose that the out of band gain is agreed to be at the level needed for ensuring that unwanted emissions are not amplified (i.e., around 35dB maximum) as long as a suitable ACRR requirement is agreed in addition.

Observation 5: ACRR may be a better way to ensure sufficient suppression of neighbor operator carriers than out of band gain.
2.5 Adjacent Channel Rejection Ratio (ACRR)

The adjacent channel rejection ratio should be defined as the ratio of the output power achieved when an input signal is applied in the wanted channel to the output power in the adjacent channel when an input signal with the same power is applied in the adjacent channel.

As described in section 2.4, in order to avoid distortion to other operators, re-amplification of other operators’ carriers should be suppressed such that it is at least lower than the adjacent channel interference level. Potentially, further suppression may be needed if a re-amplified signal from another operator’s carrier is distorted but not noise like.

Proposal 9: The ACRR requirement should be at least 28dB

Proposal 10: Discuss whether an even greater ACRR should be considered (in case re-amplified/distorted versions of other operator carriers are not noise like)
3 Conclusion

Proposal 1: Either do not specify EVM as a 3GPP repeater requirement or specify several levels with a declaration.

Proposal 2: No need to link repeater EVM levels to modulation orders.

Proposal 3: If EVM level is declared, declare level independently for the DL and UL directions.
Proposal 4: Set a requirement on a maximum passband output power level with no input signal applied.

Proposal 5: RX IM signal types are a CW and a modulated signal with bandwidth [50] MHz.

Proposal 6: For RX IM, position the first CW at 5MHz from the passband edge and the second CW such that the IM product falls into the center of the passband.

Proposal 7: For RX IM, set the CW power to [-70] dBm.
Proposal 8: A maximum out of band gain of around 30-40dB is sufficient for avoiding amplification of other unwanted emissions sources.
Proposal 9: The ACRR requirement should be at least 28dB

Proposal 10: Discuss whether an even greater ACRR should be considered (in case re-amplified/distorted versions of other operator carriers are not noise like)
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