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1 Introduction

This contribution discusses conducted FR1 repeater requirements other than output power and unwanted emissions.
2 Discussion

Frequency accuracy

According to the Way Forward from RAN4#98bis-e, there is a need to clarify whether the frequency error is absolute or relative.

A repeater amplifies and retransmits another signal. The frequency of the transmitted signal will depend on the frequency of the input signal. For this reason, the frequency accuracy should be defined relative to the frequency of the input signal. 

Proposal 1: Frequency accuracy is relative to the input signal.

EVM

The repeater EVM occurs on top of the transmitter EVM and increases the EVM of the overall link. Since the BS and UE specifications define minimum EVM requirements relating to specific modulation formats and the total EVM in a link including a repeater will be worse than the BS/UE EVM, it is not possible to achieve the minimum modulation order requirements in a link that includes a repeater. For this reason, there is no sense to relate repeater EVM to the modulation order.
Proposal 2: Do not link repeater EVM to modulation order

Since the repeater will amplify both signal and noise at its input the achievable transmitter SNR from the receiver is constrained by the SNR of the input signal. If a repeater is to be deployed towards the edge of a coverage area where SNR is relatively low, then there is no point in meeting a stringent EVM requirement. For example, if the input SNR is 10dB, then there is no sense in achieving EVM of lower than around 17%, since the an EVM of lower than 17% will not have any impact on the output SNR. For 5dB SNR at the input, the needed EVM to avoid reducing the SNR increases to around 30%.

There may be some circumstances in which the SNR at the input is high. If the SNR for both the UE-repeater link and the repeater-BS link is high then it is desirable for the repeater EVM to be more stringent in order to avoid the repeater worsening the link quality. Although EVM is important in this case, considering that in general repeaters aim to be low cost, the case of high SNR expected on both links should not drive the design for all repeaters.
Proposal 3: Discuss further the usefulness of the EVM requirement considering different repeater deployment scenarios
Proposal 4: Consider enabling multiple EVM levels and a declaration or leave EVM outside of the scope of conformance for repeaters.

Input intermodulation
During RAN4#98bis-e it was agreed in principle to use the same principles and requirements for input intermodulation as in the E-UTRA repeater specification. A question was left open as to whether there is a need for adjustment of frequency offset (or anything else).
The frequency offset between the two CW signals needs to be adjusted so that the IM product falls into the repeater passband. In the E-UTRA specification, one of the CW is specified as being 1MHz outside of the passband whilst the specification states that the other interferer should be placed so that the IM product will fall at the centre of the passband. How to decide the frequency offset for the second CW is not described, but inclusion of a formula for calculation of the position would not be difficult.

Since the passband size will be declared, it is not possible to standardize the position of the second interferer if the IM product should be in the middle of the passband. It would be possible though to specify the position of the interferer needed to ensure that the IM product falls at some fixed offset into the passband (e.g. 5MHz or 10MHz inside the passband). In our view, though, specifying that the second position should be calculated and in the passband centre is a reasonable approach.

Proposal 5: Specify that the interferers should be positioned in frequency such that the IM product is in the centre of the passband.

The interferer level of -40dBm and offset of 1MHz are reasonably aligned with the BS general in-band blocking requirement and in our understanding are sufficient. The BS specification also contains a narrowband blocking requirement, for which the level is lower but the offset is closer to the carrier edge. The input intermodulation requirement for the repeater does not test rejection of signals closer to the passband edge. In the event of an NR carrier being received adjacent to the passband, it is quite possible that RBs of the adjacent carrier would be closer than 1MHz, and that other RBs within the carrier would cause intermodulations in the repeater receiver:
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Observation 1: The 1MHz from the carrier edge does not test rejection of RBs from an adjacent NR carrier that are closer than 1MHz to the passband edge.

Proposal 6: Discuss whether to create an input intermodulation requirement with a lower offset to the passband edge (e.g. 500kHz) and also lower power level (e.g. -50dBm)

A further consideration is that the two CW are only applied for one frequency combination pair. The input intermodulation test only characterizes performance for a very specific frequency and does not take into account any frequency variation in performance, spurious responses, filter ripple etc. A better requirement would sweep the CW in frequency. Alternatively, the requirement could define one of the interferers to be a modulated signal with the carrier bandwidth, since this would both test the proper range of frequencies and be more realistic of the interference environment in a real scenario.

Proposal 7: Either sweep the second CW in frequency or define the second interferer as a modulated signal with the carrier bandwidth rather than a CW.
Output intermodulation

The E-UTRA specification specifies a requirement for output intermodulation with an E-UTRA carrier at 30dB below the repeater power level. The concept of the requirement and the level of 30dB is in line with output intermodulation requirements for network equipment and should be used for NR.

The E-UTRA repeater specification specifies a 5MHz interferer and a frequency offset for based on a “maximum channel bandwidth” of the repeater. It is very unclear how this “maximum channel bandwidth” corresponds to the declared passband, which may be wide enough to support more than one carrier. However, in principle the offset is set such that the 5MHz E-UTRA carrier is in the next adjacent channel after the passband. To avoid ambiguity in the specification, rather than specifying an offset from inside the passband it would be preferable to specify the interferer simply as in the next adjacent 5MHz channel after the passband.
Proposal 8: Apply an output intermodulation requirement based on an NR interferer with 30dB lower power than the repeater and 5MHz bandwidth.

Proposal 9: Define the interferer as being in the next adjacent 5MHz channel after the passband.

ACRR
The ACRR requirement requires a difference in gain between the passband and outside of the passband that is the same number of dB as the ACS of a BS. This would imply that an interference source with the same power as the serving gNB and the same distance as the serving gNB would at the output of the repeater lead to an interference level consistent with BS ACS.

What the requirement does not consider is that the interference source may be considerably closer to the repeater than the donor BS. Consider, for example a repeater at the cell edge with a pathloss of e.g. 110dB to the donor BS. In the meantime, a close-by interference source (or other operator BS) could have a much lower pathloss; e.g. 50-70dB. The difference in pathloss would then be around 40-60dB between the donor BS and the interferer source. In this case, if the ACRR would be only 33dB then at the output of the repeater, the power from the interference source would be greater than that from the donor BS.

If the adjacent channel signal belongs to another operator, then there is a risk that the signal is both amplified and distorted by the repeater. It may be distorted because the phase and EVM are not controlled outside of the passband. In this scenario, if the adjacent operators equipment is at minimum coupling loss from the repeater (e.g. co-located) then the operator may lose coverage because the amplified and distorted signal would be almost as powerful as the signal from the operators own BS.
Thus, in general the ACRR requirement does not provide protection in near-far scenarios between the repeater and donor BS. To some extent, such scenarios can be considered in setting the out of band gain requirement, but also consideration should be given as to whether the ACRR requirement is strict enough.

Proposal 10: RAN4 to consider further whether the ACRR requirement is strict enough for a scenario of a distant donor and nearby interferer.
Out of band gain

Amplification by the repeater itself outside of the “passband” is regulated by an out of band gain requirement in the E-UTRA specification. The E-UTRA specification states that the OOB gain should be lower than the minimum pathloss to the donor. In fact, the gain needs to be lower than the pathloss to any source of interference, including other closer BS. Generally, though the requirement of 35-45dB gain for >1MHz from the passband is likely to be sufficient as long as other equipment is not co-located close to the repeater. However, if there is other equipment co-located with the repeater with a coupling loss of 30dB (as typically assumed for co-location) then a gain of 35-45dB will increase the power of unwanted emissions from that equipment.

Observation 2: Out of band gain requirements of 60dB in the first 1MHz, 45dB up to 10MHz and 35dB >10MHz from the carrier are sufficient for avoiding amplification of emissions from non-co-located equipment.
For an offset of less than 1MHz from the passband, the E-UTRA requirement is 60dB maximum gain. 60dB gain would certainly amplify unwanted emissions from other co-located equipment. For non-co-located equipment, it would risk to create unwanted emissions above the limits for equipment with less than 60dB coupling loss to the repeater. In most circumstances though, the coupling loss would be greater than 60dB.

Observation 3: The out of band gain requirements would not be sufficient to avoid amplification of unwanted emissions from co-located equipment with a couple loss of 30dB to the repeater.
It is also possible that there may be equipment co-located with or near to the repeater that belongs to another operator (i.e. a UE or BS from the other operator). The wanted signal for this operator would be amplified by the repeater. This might be a benefit for the other operator, but this is not necessarily the case. Outside of the passband, distortion to the other operator’s signal when it is amplified is unquantified and hence the amplified/repeated signal from the other operator may be of worsened quality.

If the repeater re-amplifies and distorts the neighbor operator signal to the extent that it is almost as powerful as the clean signal from the neighbor operator basestation then the loss towards the neighbor operator could be considerable.

Observation 4: If another operator has a carrier just outside of the passband, the wanted signal from that operator may be amplified. EVM is not guaranteed and hence the other operators signal may be distorted, causing potentially significant loss to the victim operator.
Another possibility is that another operator’s carrier, or unwanted emissions from other equipment falls inside the passband and is amplified. This could lead to amplified unwanted emissions exceeding the emissions limit, or EVM being added to the other operator’s signal.

Observation 5: Amplification of sources of unwanted emissions inside the passband may lead to emissions requirement levels being exceeded.

Observation 6: If there are other operator’s carriers within the passband, these may be amplified with added EVM.

Taking these factors into account, we believe that the out of band gain requirement can be taken as a baseline, but the impact of co-located equipment, amplification of other operators carriers outside of he passband and amplification of signals in side the passband should be further considered.
Proposal 10: Take the following as a baseline for out of band gain requirements:

	Frequency offset, f_offset_CW
	Maximum gain

	0,2 ( f_offset_CW < 1,0 MHz
	60 dB

	1,0 ( f_offset_CW < 5,0 MHz
	45 dB

	5,0 ( f_offset_CW < 10,0 MHz
	45 dB

	10,0 MHz ( f_offset_CW
	35 dB


Proposal 10: Discuss the following issues further:

· Amplification of unwanted emissions from co-located equipment outside of the passband

· Amplification and distortion of other operators’ carriers just outside of the passband

· Amplification of unwanted emissions from other equipment inside of the passband
· The impact of amplifying other operators’ carriers if they are inside the passband

ALR/ALC/power dynamics
A repeater may be subject to an input signal at different power levels, including at an input level that saturates the receiver gain. The repeater should at least meet emissions and input intermodulation levels at all power levels. To ensure that the repeater correctly meets requirements at all relevant power levels, we propose that three power level test points are considered:

· Low – Input power is (e.g.) 3dB lower than declared maximum input power

· Medium – Input power is equal to maximum input power

· High – Input power is (e.g.) 3dB greater than maximum input power

Requirements should be tested at several power levels. We propose the following:

	Requirement
	Power levels to test
	Reasoning

	Maximum output power
	Medium, high
	Verifies ALC/AGC limits power

	Adjacent channel emissions
	Medium, High
	Ensure that repeater does not exceed emissions if driven with greater than maximum power. Also ensure emissions at maximum input power operating point

	OBUE/SEM
	Medium, High
	Ensure that repeater does not exceed emissions if driven with greater than maximum power. Also ensure emissions at maximum input power operating point

	Spurious emissions
	Medium, possibly high
	It may be sufficient to test just with declared maximum input power

	Output intermodulation
	Medium
	Sufficient to test with maximum input power


Proposal 11: Adapt the requirements to be tested at several input power levels
3 Conclusion

Proposal 1: Frequency accuracy is relative to the input signal.

Proposal 2: Do not link repeater EVM to modulation order

Proposal 3: Discuss further the usefulness of the EVM requirement considering different repeater deployment scenarios

Proposal 4: Consider enabling multiple EVM levels and a declaration or leave EVM outside of the scope of conformance for repeaters.

Proposal 5: Specify that the interferers should be positioned in frequency such that the IM product is in the centre of the passband.

Observation 1: The 1MHz from the carrier edge does not test rejection of RBs from an adjacent NR carrier that are closer than 1MHz to the passband edge.

Proposal 6: Discuss whether to create an input intermodulation requirement with a lower offset to the passband edge (e.g. 500kHz) and also lower power level (e.g. -50dBm)

Proposal 7: Either sweep the second CW in frequency or define the second interferer as a modulated signal with the carrier bandwidth rather than a CW.
Proposal 8: Apply an output intermodulation requirement based on an NR interferer with 30dB lower power than the repeater and 5MHz bandwidth.

Proposal 9: Define the interferer as being in the next adjacent 5MHz channel after the passband.

Observation 2: Out of band gain requirements of 60dB in the first 1MHz, 45dB up to 10MHz and 35dB >10MHz from the carrier are sufficient for avoiding amplification of emissions from non-co-located equipment.
Observation 3: The out of band gain requirements would not be sufficient to avoid amplification of unwanted emissions from co-located equipment with a couple loss of 30dB to the repeater.

Observation 4: If another operator has a carrier just outside of the passband, the wanted signal from that operator may be amplified. EVM is not guaranteed and hence the other operators signal may be distorted.

Observation 5: Amplification of sources of unwanted emissions inside the passband may lead to emissions requirement levels being exceeded.

Observation 6: If there are other operator’s carriers within the passband, these may be amplified with added EVM.

Proposal 10: RAN4 to consider further whether the ACRR requirement is strict enough for a scenario of a distant donor and nearby interferer.

Proposal 11: Take the following as a baseline for out of band gain requirements:

	Frequency offset, f_offset_CW
	Maximum gain

	0,2 ( f_offset_CW < 1,0 MHz
	60 dB

	1,0 ( f_offset_CW < 5,0 MHz
	45 dB

	5,0 ( f_offset_CW < 10,0 MHz
	45 dB

	10,0 MHz ( f_offset_CW
	35 dB


Proposal 12: Discuss the following issues further:

· Amplification of unwanted emissions from co-located equipment outside of the passband

· Amplification and distortion of other operators’ carriers just outside of the passband

· Amplification of unwanted emissions from other equipment inside of the passband

· The impact of amplifying other operators’ carriers if they are inside the passband

Proposal 13: Adapt the requirements to be tested at several input power levels
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