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1 Introduction

This contribution further discusses transmit power for conducted/FR1 repeaters. Downlink and Uplink transmit power are considered separately.
2 Discussion
2.1 Downlink transmit power

The WF from RAN4#98bis-e captured four options for DL transmit power:

· Option 1: Specified upper limits for all repeaters

· Further check whether these upper limits are per carrier or per passband

· Option 2: Reuse the same approach and upper limits as BS, e.g. no upper limits for WA, 38dBm and 24dBm upper limits for MR and LA respectively

· Further check whether these upper limits are per carrier or per passband

· Option 3: Reuse the same approach as BS/IAB, however, further check the upper limits, especially for those classes that don’t have such limits in BS/IAB spec
· Option 4: reuse the same approach as E-UTRA repeater, i.e. output power is based on declaration without any specified power upper limits

The TX power limitations for basestations have been derived based on co-existence simulations to ensure that cross-operator interference does not occur in heterogeneous network scenarios. The limitations are defined per carrier because in the simulations all of the adjacent operators are assumed to have the same carrier bandwidth.
If it is assumed that for the same type of deployment scenario, repeaters will have a similar antenna pattern in DL to basestations of the corresponding class then to ensure co-existence, the same power limits should apply. 
Proposal 1: Set the repeater class dependent power limits based on the BS power limits for DL.
In principle, the BS power limits can be transferred to the repeater specification and then co-existence properties are ensured. However, as pointed out in option 2 of the WF, there is a need to consider whether the limits should be applied per carrier or per passband.

It is conceptually simple to apply the limits per passband, and as long as the repeaters are designed to have the passband correspond to a single carrier the approach is valid.

In case the passband is intended to cover multiple carriers then directly applying the limits per passband will reduce the total power per carrier somewhat. Unfortunately, the carrier configuration is not something that is under the control of the repeater vendor as it depends on the network configuration, and so it is difficult to relate a passband intended for multiple carriers to a carrier number.

A solution to mapping the power limits to a repeater could be to select a nominal channel bandwidth and apply the limit to the selected bandwidth. For a passband wider than the nominal bandwidth, the power limit would be scaled up accordingly. In the UE specifications, in 38.101-4 for FDD 10MHz has been selected as a nominal bandwidth and for TDD 40MHz. All UE demodulation requirements are defined for these bandwidths only. The bandwidths are in the middle of the range of what might be available in FDD and TDD bands and are also a potentially good means to set the power limit.
Proposal 2: Set the repeater DL power limits based on a nominal carrier bandwidth of 10MHz for FDD and 40MHz for TDD. The passband power limit can be scaled depending on the ratio of passband bandwidth to the nominal bandwidth for which the power limit is defined.

Of course, proposal 2 does not impact the Wide Area BS type, for which there is anyhow no upper limit on the declared power.
2.2 Uplink transmission power

For UEs, the UL transmission power class is not related to deployment scenario. Furthermore, for UEs the TX power related to the power class is not an upper limit on declarable power; there is a requirement to deliver the required power. The maximum TX power applies over all carriers that the UE transmits, not per carrier.
For repeaters, since they are basically network equipment, maximum UL transmit power should be declared and the requirement should be to meet the declared power.

Exceeding the UL power defined for UEs may lead to co-existence problems with neighbor operators due to ACS. However, a repeater may have a much more directional antenna than a UE and hence mitigate co-existence issues. Such a repeater will need to be planned and installed by the operator.

The E-UTRA FDD specification does not appear to set any upper limit on UL transmit power. However, it may be that the uplink power is anyhow limited by regulation in some circumstances, or that repeaters with high UL power have not been deployed. Thus, care should be taken in re-using the E-UTRA specification directly. One possibility is to not limit UL power for a specific class of repeater with planning and directional antennas, as discussed below.
In the WF from RAN4#98bis-e, another question that was whether a near-far issue could arise if the repeater would be amplifying both a weak signal form a distant UE and a strong signal from a close-by UE. A power limitation could lead to insufficient amplification of the distant UE. 

If, however the amplification would be based on the distant UE, then there would need to be a large RX dynamic range at the BS receiver. Furthermore, EVM towards the weaker signal could become quite significant at the repeater in the presence of the stronger signal. For these reasons, it is likely to be preferable for the scheduler to avoid such a situation.
For IAB, two UL classes were created. One of the classes assumes planned deployment by the operator whereas the other class does not. One possibility for repeaters could be to follow a similar approach; create one class that is planned by the operator and another that is not. The first class could potentially exceed UE power and the second class would not do so. However, care needs to be taken to consider whether the IAB approach is suitable for repeaters. There are at least two differences between IAB and repeaters:

· IAB nodes are subject to power control to some degree from the donor

· The co-existence analysis for IAB has assumed a limited number of TDD bands in networks that perform beamforming. These results cannot be generalized to e.g. low band FDD.

Proposal 3: Discuss further whether to limit the repeater UL power to maximum UE output power in all cases, or whether there is strong enough evidence that creating a class of repeater that assumes planned deployment and directional antennas would allow higher power without compromising co-existence.
3 Conclusion

Proposal 1: Set the repeater class dependent power limits based on the BS power limits for DL.

Proposal 2: Set the repeater DL power limits based on a nominal carrier bandwidth of 10MHz for FDD and 40MHz for TDD. The passband power limit can be scaled depending on the ratio of passband bandwidth to the nominal bandwidth for which the power limit is defined.

Proposal 3: Discuss further whether to limit the repeater UL power to maximum UE output power in all cases, or whether there is strong enough evidence that creating a class of repeater that assumes planned deployment and directional antennas would allow higher power without compromising co-existence.
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