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1 Introduction

During RAN#90-e, a WI was approved relating to development of repeater specifications for NR. The WI scope includes development of FR1 FDD specifications as well as consideration of TDD specifications for FR1 and FR2.

The agenda for the current meeting splits between radiated and conducted requirements. The WI scope indicates that, currently at least, requirements are assumed to be conducted for FR1. For FR2, requirements are by necessity radiated. This contribution considers both FDD and TDD requirements for FR1, which will be conducted. Other contributions have considered the output power and emissions requirements. This contribution considers other requirements applicable to a repeater.
2 Discussion

The E-UTRA repeater specification considers several other requirements for the FDD repeater.

The requirement on frequency stability regulates the ability of the receiver to maintain the frequency of the output signal compared to the input and is relative. The value is 0.01 ppm. The requirement is an order of magnitude greater than the BS frequency error requirement and is likely to be sufficient.

Observation 1: The requirement on frequency stability in the E-UTRA repeater specification is likely to be sufficient
A requirement on out of band gain aims to prevent the repeater from amplifying out of band emissions and creating interference. For 0-10MHz from the carrier, the gain is restricted to values between 35dB (at 10MHz) to 60dB (close to the carrier). For >10MHz, the gain should be less than the assumed coupling loss to the donor.

The requirement is based upon the principle of not amplifying emissions from the donor. It does not seem to take into account the possibility of other BS or other types of radio system being closer to the repeater than the donor, and the repeater amplifying emissions from these other sources. The requirement is sufficient as long as the coupling loss to any BS on the adjacent channel is greater than 60dB and the gain >10MHz is greater than the coupling loss to any nearby radio transmitter. It may well be the case that the requirement is sufficient, although it is not clear that the possibility of other nearby radio sources creating emissions that are amplified was considered when the requirement was created. A nearby radio source that contributes unwanted emissions may have those emissions amplified. In the worst case, a BS, UE or repeater may be close to the UE that is actually using an adjacent channel, and transmissions from this nearby node may be amplified by the repeater. Provided the repeater has linear amplification on the adjacent frequency, though the amplification may in fact enhance the adjacent channel system.
Observation 2: For the out of band gain requirement to be sufficient, the gain must be lower than the coupling loss to any radio transmitter from the repeater, not just the donor. 
Observation 3: The behavior of the repeater if it is situated close to another node that is transmitting on an adjacent channel should be further considered (it may amplify the signal from the adjacent channel node)

The requirement on EVM is defined as 8%. It is important to note that the EVM requirement in the repeater specification is not the same as the EVM requirement in the BS or UE specifications. For the BS and UE, a simple equalization algorithm is defined in the measurement equipment. Furthermore, the EVM is not compatible with 256QAM operation.

Observation 4: The EVM definition in the E-UTRA repeater specification is not the same as the EVM defined in the BS and UE specifications.
Observation 5: The EVM is probably not sufficient for 256QAM operation.

The E-UTRA repeater specification contains several requirements relating to input intermodulation. There are no such requirements for BS or UE, as these are not amplifying devices. The input intermodulation requirements ensure that if multiple signals are seen at the repeater input, these do not lead to output emissions. There are 3 categories:
· Within passband signals. These are CW with -40dBm level. -40dBm is of the same order of magnitude as RX blocking signals and seems sufficient (although blocking requirements are specified on wider bandwidths). 
· Co-location requirements. These requirements related to signals experienced if the repeater is co-located at the same site as other BS in other bands. The requirements seem to assume 30dB isolation to the other BS, which is the same assumption used for BS co-location and seems sufficient (although co-location requirements are specified for wider bandwidths).

· Co-existence requirements: These requirements relate to signals experienced if the repeater is deployed in the same geographic area as other BS in other bands. The interferer levels are -15dBm, which is the same as the BS out of band blocking requirement and seems reasonable.

Observation 6: The input intermodulation requirements cover UL passband repeat and co-existence/co-location to other bands and seem to be sufficient. 

In addition to input intermodulation, the E-UTRA repeater specification contains requirements on output intermodulation. These relate to reverse intermodulation in cases where a strong signal is experienced at the output of the PA. The requirements assume a 30dB coupling loss as do the BS requirements, and are sufficient.
Observation 7: The output intermodulation requirements in the E-UTRA repeater specification are sufficient.

The E-UTRA specification contains a requirement on Adjacent Channel Rejection Ratio. The requirement is only applicable for scenarios in which the repeater is expected to operate in the same area as UTRA on an adjacent channel. The requirement ensures that adjacent channel emissions from the donor BS are not amplified to the extent that the UE ACLR would not be met at the repeater output.
The requirement design does not seem to consider the possibility of another node being closer to the repeater than the donor and the emissions from the other node in the repeater adjacent channel being amplified. 

To avoid amplification of emissions, the gain of the repeater in the adjacent channel needs to be lower than the minimum pathloss expected to any node.

As with the out of band gain requirement, there is also the scenario of the repeater being located close to another node that is actually using an adjacent channel. The behavior of the repeater in such a scenario may need further consideration.
Observation 8: It is not obvious that an ACRR requirement is needed, but further consideration should be given to the behavior of the repeater if there is another node close by that either creates emissions on an adjacent channel or actually uses an adjacent channel.

The E-UTRA specification is an FDD specification. For a TDD repeater, depending on the architecture the repeater may need to synchronize to the network and know the TDD pattern.
TDD switching time requirements may be applicable for a repeater to prevent interference in the TDD network.

Observation 9: A TDD switching time requirement may be applicable for a repeater.
3 Conclusion

This contribution has considered other repeater requirements than output power and TX emissions. The existing E-UTRA specification does not seem to have considered a scenario in which a repeater is placed close to a node that is not part of the network but that creates emissions (or uses a channel) that are then amplified by the repeater. Also, some other observations with respect to the existing requirements have been provided. 
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