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Introduction

During the RAN4#98-bis-e meeting, a WF document[1] for synchronization issues agreed following:

	There is no need for an explicit synchronization requirement

It’s FFS whether sync can be implicitly captured/verified in some requirements i.e. TDD switching requirements.

There is no need to explicitly capture any synchronization method. During the test, SSB can be provided in the test. 

Whether repeater will use SSB signal for sync or not up to repeater implementation; no mandating on repeater side to use SSB signal with the present SSB signals during test


However, even if RAN4 do not discuss the synchronization issue of the repeater (i.e. the repeater can be synchronized with the TDD network in some way), some requirements in the TDD synchronization network still need to be discussed. For instance, timing related requirements are the core part of the TDD system to work properly. In this contribution, we want to share some analysis about this issue.
Discussion 

For TDD system, devices operating in the same frequency range and within the same area shall be strictly synchronized, i.e. the basic frame/slot timing alignment is required to avoid the UL/DL interference. Therefore, repeaters working in TDD mode also need to be synchronized with the network. For BS/UE, it is acceptable to utilize satellites (connected to BS) or networks (such as IEEE 1588, which requires base band processing capabilities) to achieve synchronization. However, as an inexpensive solution, the repeater only has the function of amplify and forward(A/F), as shown in  Figure 1 below, where downlink signal is 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.

[image: image1.emf]
Figure 1. RF diagram of TDD repeater [Revised from TR 25.956]
Obviously, due to the cost and hardware design of the repeater, it is not appropriate to use the above method for synchronization. Hence, The synchronization of repeaters usually happens via OTA. As an intermediate node between the BS and the UE, repeaters have the behavior characteristics of the BS and the UE simultaneously, which is highly similar to IAB.  
As agreed in RAN4#98-bis-e, RAN4 will not discuss anything about how the repeater would obtains the frame/slot/symbol timing. However, this premise does not affect the phase requirements. The purpose of utilizing repeater is to enhance coverage, it is not difficult to predict that the coverage of repeaters and base stations will overlap. A typical TDD repeater implementation topology is shown as below:
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Figure 2. Typical repeater implementation topology

In this scenario, the BS/repeaters are operating on same frequency and may have overlapping coverage. If synchronization is poor between cells, a neighboring cell transmission can interfere with local cell, hence the precise synchronization between cells is required. The Cell phase synchronization accuracy requirement is one of the key indicators of inter-cell synchronization, defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas. In fact, this requirement is normally implemented as a timing requirement to central clock, so it is not within the scope of synchronization requirements. In addition, the introduction of this requirement could be aligned with Timing requirements in UTRA TDD repeater specification[2]and IAB specification.[3] 
Proposal 1: Introduce Cell Phase Synchronization Accuracy requirements for TDD repeater, the value could be set to 3µs as the baseline. How to measure this requirement is FFS.
Conclusions
In this contribution, we shared some considerations on NR based TDD repeater, the following proposals are made:

Proposal 1: Introduce Cell Phase Synchronization Accuracy requirements for TDD repeater, the value could be set to 3µs as the baseline. How to measure this requirement is FFS. 
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