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1.
Introduction
RAN#90e approved a new “New WID on NR Repeaters” [1] with RAN4 as the responsible WG.  RAN4 was tasked with the following objectives and guidance:

Normative work phase objective [RAN4]

· Specify RF and EMC requirements for NR repeaters 

· Consider FR1 (FDD and TDD) and FR2 (TDD) bands

For the above objective, the leveraging of RF specifications for LTE repeater and IAB should be sought. 

It is assumed that the repeater does not perform adaptive beamforming towards the UE.

It is assumed that the TDD repeater meets both BS and UE emission requirements (or the more stringent absolute level in dBm) in all slots.

The following constraint may be considered for TDD repeaters, as needed, to contain the workload associated with this project:

· TX EIRP/TRP/power of Repeater not exceeding any UE power class defined in the band 

Note: FR1 FDD repeaters testing is assumed to be conducted. This assumption can be revisited in RAN#91.
This paper discusses some conducted requirements specified for LTE and comments on inclusion for NR FR1. 

2. 
Discussion on FR1 repeaters
We use [2] as an example of some parameters that may be specified in NR FR1. 
2.1
Maximum Output power FR1
In [2] the maximum output power (Pmax) is related to the rated output power stated by the manufacturer, under normal and extreme conditions. There are no limits on output power in [2]. In the WID Pmax is limited by the guidance“TX EIRP/TRP/power of Repeater not exceeding any UE power class defined in the band “. Interested companies should discuss how to specify the maximum output power. 

2.2
Out of band gain

In [2], [7] the out of band gain is specified as the gain outside of the passband, with the maximum bounded by the donor coupling loss stated by the manufacturer.  The requirement is measured with CW [8] and 5 dB backed off from maximum power, so the test result is in the linear region of repeater operation. Interested companies should discuss whether the same specification strategy should be used for NR FR1 repeaters. 
2.3
Unwanted and Spurious emissions

In [2] the spurious emissions, the manufacturer specifies either Category A or B regional requirements [3]. Interested parties should discuss whether a similar strategy for spurious emissions should be used.
2.4
Coexistence with co-located base stations

In [8] the manufacturer is allowed to declare which base stations may be collocated with the repeater. (one or more of GSM850, GSM900, DCS1800, PCS1900, UTRA FDD, UTRA TDD, E-UTRA , PHS ). RAN4 should discuss whether co-location of the repeater should be considered how it should be reflected in the TS.
2.5
EVM

Downlink and uplink EVM should be part of the specification. Interested companies should discuss EVM requirements for the CP-OFDM and DFT-s-OFDM NR waveforms.
2.6
Repeater Gain Control

In [6] automatic gain control is discussed. A repeater may use AGC achieve and maintain stability or to ensure output power remains within limits as input power changes. Self-oscillation is possible if signal coupling changes during operation as objects move in the environment. Typically, repeater oscillation would only be possible in a radiated setup with the donor and service antennas. Further AGC should be a slow adjustment compared to the symbol rates. Interested companies should discuss whether/how AGC performance should be specified to ensure satisfactory radio link performance. 

2.7
Repeater Delay

In [5] the effect of delay on CP-OFDM symbol overlap is discussed. In E-UTRA delay was not specified. In NR the symbol times can be shorter. 
Repeater delay may have some effect on UE positioning. 

Companies should consider the effect of repeater delay for NR and determine if delay specification are required to ensure satisfactory operation..
2.8
Frequency error

In [4] the allowed repeater frequency error was chosen to be 1% of the E-UTRA UE error.  Companies should discuss what is feasible and how to arrive at the NR error.
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