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Introduction

Simple repeater has been introduced for UTRA in 3GPP including both FDD in Rel-4 and TDD in Rel-10. In Rel-8 LTE phase, LTE based repeater in FDD was also specified in TS 36.106. Recently, NR based repeater including FR1 and FR2 has been approved for standardization in last RAN#98e meeting, therefore in this contribution, we want to share some initial understandings on this aspects.
Discussion 

The basic diagram for repeater in FDD is shown as following, for the downlink, signal received by donor antenna and amplified via DL PA and transmitted by coverage antenna and it is vice versa for uplink between UE and BS.
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Figure 1a. RF diagram of FDD repeater [TR 25.956]
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Figure 1b. RF diagram of TDD repeater [Revised from TR 25.956]
2.1. FR1 FDD NR based repeater 

For FR1 NR based repeater in FDD operation, the legacy FDD LTE or FDD UTMS repeater architecture and transmission procedure could be still reused. Compared with the existing FDD bands defined in TS 36.106, it’s most likely that the existing LTE requirements could be reused for NR based repeater. In addition, considering the implementation complexity and cost-efficiency, non-AAS based repeater should be prioritized for FR1 FDD NR based repeater which is also aligned with objectives that no adaptive beamforming is expected for repeater, therefore the following proposals are made: 
Proposal 1: non-AAS based repeater should be prioritized for FR1 FDD NR based repeater;
Proposal 2:use the requirements of TS 36.106 spec as starting point for FR1 FDD NR based repeater;

2.2. FR1 TDD NR based repeater
For RF architecture for NR based repeater in TDD operation, similar reasons in FDD operation could also be applied, it’s proposed to prioritize non-AAS based repeater considering the implementation complexity and cost-efficiency. 
In addition, compared with legacy LCR based repeater (UTRA TDD based repeater) introduced in Rel-10, NR introduced not only semi-static cell specific DL-UL pattern configuration, but also semi-static UE specific DL-UL pattern configuration and dynamic group-common DL-UL pattern configuration via DCI 2-0. 
For simple RF repeater without decoding/forwarding function or L1/MAC entities, then just via static DL-UL pattern, then its practical deployment could be limited to certain scenarios. 

In addition, group delay introduced by repeater’s filter should be also studied or clarified. In the existing TR 25.956, the group delay for UTRA based repeater in FDD operation was agreed as 5~6us, RAN4 needs to further study whether this value could be reused for NR based repeater. One more important issues needed to confirm is that whether the existing DL-UL gap period could handle additional group delay introduced by repeater’s filter group delay, otherwise there would be UL-DL cross-link interference occurring if not configured appropriately. NCS configuration for PRACH channel would be also impacted due to additional propagation delay introduced by filter’s group delay. 
Proposal 3: non-AAS based repeater should be prioritized for FR1 TDD NR based repeater;
Observation 1: without explicit DL-UL pattern information or with static DL-UL pattern only at repeater, the deployment would be limited to certain scenarios;

Proposal 4: group delay introduced by repeater’s filter should be studied and clarified as this would impact DL-UL gap period and NCS configuration of PRACH channel.
2.2. FR2 TDD NR based repeater
For RF architecture for NR based repeater in TDD operation, as this is agreed to not have adaptive beamforming, then no existing reference BS architecture could be reused for FR2 repeater, some certain simplification should be applied, e.g. the beam control chipsets behind antenna array are not needed.

In addition, RF architecture for FR2 NR based repeater should also be clarified, e.g. it’s expected that no antenna connector could be accessible similar as the existing FR2 BS, antenna coupling loss between donor antenna and coverage antenna should also been studied and to guarantee that no self-oscillation would be enabled for back to back antenna placement.
In addition, maximum gain should also been clarified similar as what has been did for UTRA based repeater.

Regarding the static DL-UL pattern and filter group delay introduced by repeater, it’s common for FR1 and FR2, therefore similar proposals should be made.
Proposal 5: RF architecture for FR2 NR based repeater should be discussed firstly.
Conclusions
In this contribution, we shared some initial considerations on NR based repeater, the following proposals are made:

Proposal 1: non-AAS based repeater should be prioritized for FR1 FDD NR based repeater;
Proposal 2:use the requirements of TS 36.106 spec as starting point for FR1 FDD NR based repeater;
Proposal 3: non-AAS based repeater should be prioritized for FR1 TDD NR based repeater;
Observation 1: for TDD NR based repeater, without explicit DL-UL pattern information or with static DL-UL pattern only at repeater, the deployment would be limited to certain scenarios;

Proposal 4: for TDD NR based repeater, group delay introduced by repeater’s filter should be studied and clarified as this would impact DL-UL gap period and NCS configuration of PRACH channel.

Proposal 5: RF architecture for FR2 NR based repeater should also be discussed firstly.
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