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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. In particular, transmit power is considered.
2 FDD considerations
For FDD, an E-UTRA specification exists (36.106) for FR1. The IAB specification does not cover FDD operation.

The E-UTRA FDD repeater specification does not limit the output power of the repeater but does place a requirement on the accuracy with which the repeater should meet it’s declared rated output power. For the downlink, this is the same situation as for wide area basestations. 

One difference to the basestation specification however is that the repeater specification does not differentiate between “local area”, “medium range” and “wide area” deployment scenarios. In the BS specification, for medium range and local area scenarios the rated output power is limited. The reason for the limitation is consideration of heterogeneous network deployment scenarios and adjacent channel selectivity of UEs belonging to different deployment grids on different frequency layers. The repeater specification does not take into account the impact of repeater transmission power on other frequency layers for heterogeneous scenarios.
Observation 1: For wide area deployment scenarios and downlink transmission, the repeater specification applies the same approach as the BS specification.

Observation 2: For downlink, unlike the BS specifications, the repeater does not ensure protection of other operators’ channels in other frequency layers for heterogeneous deployments of medium range/local area repeaters.

The repeater specification does not differentiate between downlink and uplink transmissions; thus, the transmit power that a repeater can use for uplink is unbounded. 

In the UE specification on the other hand, UE transmit power is regulated according to UE power classes. For FR1, the transmit power is generally limited to 23dBm in FDD bands, although in band n14 up to 31dBm is permitted. In addition to the limitation in transmit power due to the UE power class, the transmit power is managed by network power control. For a repeater, assuming that the repeater has fixed gain then the repeater power may also be regulated by UE power control, but without an upper limit.
The lack of a power limit in UL for repeaters means that the 3GPP specifications do not guarantee that neighbor operator basestations are protected from ACS or blocking by the repeater specification. It may be possible to avoid interference by co-ordination with neighbor operators, but this will require that the deployment of repeaters is carefully planned to take into account neighbor operator deployments.

Observation 3: Unlike the UE specification, the repeater specification does not regulate losses to victim networks due to receiver blocking and adjacent channel selectivity in neighbor networks.

If the NR repeater specification follows 36.106 then it will inherit also the above-mentioned limitations in terms of adjacent operator protection.
3 TDD considerations
There is no E-UTRA specification for TDD repeaters. The IAB specification covers TDD operation for some FR1 bands.

A TDD repeater may transmit in DL (i.e. when BS transmit to UE) and UL (i.e. when UE transmit to BS) slots. A TDD repeater may be capable of synchronizing to the network and may have knowledge of the TDD pattern. It cannot be expected that the repeater will have the TDD timing advance or the UL transmit power controlled by the network in the same manner as a UE.

When transmitting in downlink slots, similar considerations occur as those for FDD downlink. For wide area deployment scenarios, the transmit power is not limited in the BS specifications. For medium range and local area scenarios, in order to provide for co-existence between different frequency layers in heterogeneous deployment scenarios the transmit power of the repeater should be limited.
Observation 4: In order to ensure co-existence in heterogeneous deployments to the same extent as the BS specifications, the maximum rated output power of a repeater should be limited for the medium range and local area deployment scenarios.

In the uplink, TDD UEs are limited in terms of maximum transmission power depending on the power class to between 23-26dBm and are subject to power control. The IAB-MT specification does not limit the output power for wide area IAB-MT in the uplink. IAB-MT are subject to power control with a maximum dynamic range of 5dB. Thus, IAB-MT with a TX power of up to 28-31dB can be limited to the maximum output power of a UE. For a repeater, the repeater UL TX power can be indirectly regulated by the network by means of UE power control if it is assumed that the repeater has a fixed gain. It should be noted, though that in both cases the power control is operated by the aggressor network in a co-existence scenario and may be used to manage SNR or to avoid receiver overload at the donor receiver, but not to manage inter-operator co-existence. 
A further consideration for repeaters is that the antenna pattern of the repeater may not be omnidirectional, as is the case for a UE. This implies that on the one hand, interference towards neighbor operator BS may be reduced, since the BS will not be in the direction of maximum antenna gain. On the other hand, if a victim operator BS is co-located with the donor BS then the interference may be increased at the victim.

Observation 5: Simulation based conclusions on neighbor-operator co-existence for UEs may not be directly applicable for repeaters.
4 Conclusion

The E-UTRA repeater specification does not provide the same amount of protection towards adjacent channel operators from interference as the existing BS and UE specifications. For the downlink, the power is not restricted in medium range and local area scenarios as the BS specification (where the power limitations are based on co-existence simulations) and in the uplink the power is not limited and may be directional, which is different to UEs.
For TDD, similar considerations apply.
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