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1. Introduction
In last RAN plenary #90 meeting, a new WID on NR repeaters [1] is approved to specify RF and EMC requirements for both FDD and TDD bands. To enhancement cellular network coverage, different types of network nodes have been considered to offer blanket coverage, among which RF repeater is regarded as one kind of simplest and cost-effective node. 3GPP has focused on RF requirements studies before this new WID. For example, TS 36.101 establishes the minimum RF characteristics of E-UTRA FDD repeater. However, until now there is almost no TDD band related discussion. In this contribution, we focus to distinguish the RF requirements for FDD and TDD bands.
2. Discussion
2.1 Architecture
For FDD RF repeater, the DL and UL RF parts are distinguished by duplex so that DL and UL parts are always working to transfer all the signals from/to BS and UE transparently once it receives. There is no need to synchronize with the network for time domain synchronization. In other words, FDD RF repeaters have no time domain behaviour, the only behaviour it should do is to transfer all the received signal. One simple illustration of the FDD repeater architecture is shown below.


Fig 1. Diagram of FDD Rx architecture

 
Fig 2. Diagram of TDD Rx architecture with baseband processor to determine the switch
For TDD RF repeater, UL and DL are both using the same frequency range and separating DL and UL by frequency is not applicable any more. Repeaters have to know the time domain behaviour of network to achieve synchronization with donor BS and child UE. Otherwise, the RF repeater couldn’t know when and how to determine the switch of DL and UL RF parts which will result in DL-UL cross link interference that degrades the signal quality. Finally, RF repeater couldn’t resolve challenging coverage issues even with much stronger wanted signal. 
Therefore, for TDD, the key issue is to distinguish DL and UL signal. Three methods of how repeater determine DL and UL time information have been listed as follows:
· By monitoring received signals strength or duration and etc, e.g. envelop detecting, repeater could determine DL and UL. It is noted that no signal processor is required to decode and re-code the received control information and user data.
· By decoding received broadcasting system information from BS, repeater could determine DL and UL. It is noted that only static DL and UL configuration could be decoded in order to reduce complexity of the baseband processor, which further aligns a timing reference of the repeater device with static NR DL/UL configuration for an uplink or a downlink TDD switching, based on the decoded system information
· By decoding all received control information from BS, repeater could determine DL and UL. It is noted that dynamic DL and UL configuration could be decoded rather than only static configuration. More complex and high-cost baseband processor is required. Baseband processor further aligns a timing reference of the repeater device with dynamic NR DL/UL configuration for an uplink or a downlink TDD switching, based on the decoded control information 
The first method is the most cost-effective method as it only includes the RF parts without any baseband processor. However only envelop detector is not enough to determine accurate UL/DL configuration considering the variable propagation conditions would introduce much tolerance especially for FR2, reducing the accuracy of DL/UL identification.
Proposal 1: it is preferred to design TDD repeater equipped with baseband processor in order to get the NR DL/UL configuration information.
2.2 RF requirements 
For FDD repeater, it could only be designed for FR1, then at least the conducted requirements in TS 36.106 could be referred. The details of FDD requirements in TS 36.106 are listed below:
· Operating bands and channel arrangement
· Output power related requirements
· Signal quality related requirements, including EVM, frequency stability
· Unwanted emission including out-of-band related requirements, spurious related requirements and output intermodulation
For FDD repeater, no reference sensitivity related requirement is considered as the DL and UL RF part doesn’t need to decode the received signal and what they should do is amplifying the received signal. No matter how weak the signal is, repeater amplify and transfer it. FDD repeaters are always working once it is deployed.
For TDD repeater equipped with the baseband processor, the baseband processor part can’t decode control information in the case that the received signal power is much poor, which will result in the DL and UL cross-link interference. Therefore, the baseband processor part should be designed with the capability of signal decode when the received signal power is relatively poor. 
Observation 1: the capability of decoding control information in worse propagation condition should be guaranteed for TDD repeaters equipped with baseband processor for synchronization with DL/UL configuration.
Proposal 2: For TDD repeater equipped with baseband processor to decode control information, extra reference sensitivity level requirement should be specified.
3. Conclusions
In this contribution, architecture and RF requirements for TDD repeater are discussed with following observation and proposals:
Proposal 1: it is preferred to design TDD repeater equipped with baseband processor in order to get the NR DL/UL configuration information.
Observation 1: the capability of decoding control information in worse propagation condition should be guaranteed for TDD repeaters equipped with baseband processor for synchronization with DL/UL configuration.
Proposal 2: For TDD repeater equipped with baseband processor to decode control information, extra reference sensitivity level requirement should be specified.
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