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Introduction

During the RAN4#100-e meeting, an agreements[1] for FR1 and FR2 repeater classes agreed following:

	For FR1:
Agreement: Introduce two classes, one with power limitation and another one without power limitation. 

For the class with power limitation: the exact power limitation can be further discussed 

Option 1: With fixed values 
Option 2: With maximum value over the supported classes as per band basis
Other options not precluded
For FR2: 

Agreement: Introduce two classes, one with power limitation and another one without power limitation. These can be checked whether there are difference among classes from requirement aspect. 

Further discuss the power limitation value for the class with power limitation:

Option 1: EIRP and TRP specified for PC1 in UE specification 101-2.

Other options not excluded


In this contribution, we want to share some analysis about this issue.
Discussion 

Generally, the devices operating in the network can be divided into two categories: stationary devices and mobile devices. The stationary devices usually act as the “service provider”, while mobile devices utilize the service provided by the stationary devices. This means that stationary devices are usually intentionally deployed by some entities (usually operators), while mobile devices are much more random. Therefore, the stationary devices could operate with high transmit power because its network deployment can be optimized in advance to avoid interference. For mobile devices, the transmit power is subject to more restricted, because its number is large and its behavior is more difficult to predict. For instance, the power class limitation of base station, a typical stationary devices, are divided by implementation scenarios. The deployment scenario of wide area is that there is only one stationary device in a relatively large area, hence the transmit power can be unlimited. For local area, the deployment scenario is usually a small area with dense devices, the transmit power limitation is relatively restricted. For UE, a typical mobile devices, the power class limitation  is different from the base station. The vast majority of UEs operate at power class 3, unless otherwise stated, while the transmit power of PC 3 is lower than the minimum power class of the base station. This will ensure that there is no UE with more transmit power than the base station at any time to ensure that there will be no coexistence problems.

The characteristics of repeaters are more flexible, which is a bit like IAB. As a stationary device, its deployment is not completely under controlled(might be randomly deployed by users who try to improve the poor signal), and repeaters will not identify itself to base station(can not be scheduled by base station, since the scheduling information is actually forwarded to the UE). For instance, when a large bunch of UEs are crowded in a building, the base station have to conduct a close loop power control on them to prevent these UEs from interfering with each other. When a IAB jumps in(apparently this is a local area scenario), other devices in the network will recognize it as a base station, and IAB can also schedule these UEs, this may include some operations such as power control or RB allocation. In addition, IAB-MT will set the uplink transmit power under 24dBm, which is the local area regulations. Now if we replaced the IAB by a repeater, the situation may be different. The repeater cannot declare itself as a "repeater", so the base station will recognize it as a UE, shown as Figure 1 below:
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Figure 1. A deployment scenario of repeater
Assumed that the repeater set the transmit power to X dBm, where X is higher than any transmit power of UE. The base station detects that there is a UE with a large transmit power, so the close loop power control is triggered. However, the repeater cannot response the TPC, but by the UE connected to this repeater in fact. When the UE reduces its transmit power, the repeater will adjust the gain to ensure that the transmit power of repeater always remains at X dBm, this will cause UE to operate at a relatively low output power. Therefore, the signal received by repeater will be a relatively low level, and this will be amplified to a relatively high power together with the noise of the repeater, which will downgrade the EVM of the output signal.

Observation 1: Excessive UL power of the repeater may cause the UE to be informed by the base station to reduce the transmit power, which will downgrade the EVM.
In addition, UE will report the power headroom report (PHR) to indicates how much transmission power left for a UE to use in addition to the power being used by current transmission. The BS will use this report value to estimate how much uplink bandwidth the UE can use for a specific subframe. Since the more resource blocks the UE uses, the higher the UE Tx power obtained, but the UE Tx power should not exceed the maximum power defined in the specification. Therefore, if the UE does not have enough power headroom, it cannot use too many resource blocks (bandwidth). However, the repeater that operate at relatively high transmit power may affect this procedure. Generally, when the UE operates at lower transmit power, its PHR will be a positive value to inform the BS that it still has power for uplink transmission. However, the signal received by the BS is relatively high due to the high output power of the repeater, which causes the BS to decrease the transmit power of UE. This may obstruct the operation of the PHR mechanism.

Observation 2: Excessive UL power of the repeater may obstruct the operation of the PHR mechanism.
In addition, as the figure shown above, we cannot preemptively assume that all UEs will be within the coverage of the repeater. In fact, some UEs will be directly connected to the base station, the repeater operating at X dBm will seriously interfere with the uplink of these UEs.
Proposal 1: For the repeater class with power limitation, the power limitation should be close to the UE's default transmit power to ensure that no additional issues are introduced to network, the power limitation of IAB-MT i.e. 24dBm can be used as a starting point.
Conclusions
In this contribution, we shared some considerations on repeater power limitation, the following proposals are made:

Observation 1: Excessive UL power of the repeater may cause the UE to be informed by the base station to reduce the transmit power, which will downgrade the EVM.
Observation 2: Excessive UL power of the repeater may obstruct the operation of the PHR mechanism.

Proposal 1: For the repeater class with power limitation, the power limitation should be close to the UE's default transmit power to ensure that no additional issues are introduced to network, the power limitation of IAB-MT can be used as a starting point.
References
R4-2115153, RAN4#100-e BSRF_Demod_Test session meeting report
