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1. Introduction
In the WF document [1] for TDD repeaters, following was stated for repeater synchronization:
· RAN4 specify RF requirements based on the assumptions of TDD repeater has to synchronize to the gNB for TDD DL-UL pattern 
· FFS whether dedicated requirements need to be specified for the sync with gNB
· FFS the exact methods to achieve sync with gNB in repeater side, implementation based on solution not excluded;
· RAN4 should respect the WID scope, to focus the discussion which aligned with the WID
Note: The definition of “precise of synchronization between TDD repeater and the gNB for TDD DL-UL pattern” need to be further clarified in RAN4  
In this contribution we discuss the FFS points and provide proposals how to address these in RAN4.
2. Discussion
We may assume that time synchronization of repeaters normally happens over the air. This would correspond to UE synchronization to DL signals broadcast by base stations. Initial synchronization searches for SSB signals and time-synchronizes to that of the candidate cell. SSB signals do not cover the whole channel BW and therefore the time accuracy will be limited. For UEs, there can be e.g. TRS signal configured enabling more accurate channel monitoring.
Considering the WID scope, RAN4 do not assume anything about the implementation how the repeater would acquire the frame/slot/symbol timing. The options mentioned above can be candidates, but other implementation options may exist.
Observation 1. There are multiple implementation options for frame/slot/symbol synchronization of the repeater, but the assumptions of the implementation are out of scope of the Rel.17 WI.
As for the timing accuracy, the timing of UL and DL signals within a repeater and what kind of margins there may be need, requires further study in RAN4. Based on estimated margins, one could assess what could be timing inaccuracies that can be tolerated considering the UL/DL switching and the available transient times based on the timing of the UL and DL within the repeater. More detailed discussion on the signal timing is in [3].
Observation 2. The frame/slot/symbol timing accuracy requirement should consider the available switching times of UL/DL signals.
Proposal 1. RAN4 to consider UL/DL signal timing within a repeater in practical deployment scenarios when determining the inaccuracy that will be tolerated for frame/slot/symbol timing.
UEs learn the TDD UL-DL pattern based on RRC configurations, either via SIB or dedicated signalling. The same option would be available for repeaters although, like with acquiring the timing, it is out of Rel.17 WI scope. RRC configured TDD patterns are basically static or at least semi-static allowing semi-static UL/DL switching at the repeater.  
Additional uncertainty can be caused by potential usage of dynamic slot configurations. With group common PDCCH, the serving base station may configure slots/symbols for UL or DL (slot format indication, SFI). To cope with control of UL/DL resource, the repeaters should have further capabilities to be able to react to more dynamic changes in the UL/DL pattern. As the smart features are out of scope of Rel.17, it is unlikely that repeaters will have baseband processing capabilities to interpret this signaling, or at least it should not be mandated. 
Observation 3. Base station may configure UL/DL resource with SFI which causes further requirements for a repeater to follow the UL/DL patterns. These requirements may be out-of-scope of rel-17 NR repeater work.
Furthermore, dynamic configuration of UL/DL resources may result in cross-link interference. Cross-link interference is manageable when it happens co-channel, i.e. the network causes interference to itself, but there is much less control over adjacent channel interference impacting other networks. RAN4 studied the impacts of adjacent channel cross-link interference in rel-16 and the results are documented in [4].
It can be seen that adjacent channel interference may result in network performance degradation, and sets additional burden on network planning and deployment, which may need to consider more in detail also other operators in the area. It is also useful to note that current NR TDD BS requirements have been derived assuming that the network is synchronized. Therefore, it would be challenging to consider both re-using emission requirements and making sure that dynamic resource allocation does not cause interference issues. The straightforward way to avoid these issues together with the more complex UL/DL configuration of repeater is to leave dynamic TDD out of scope of the NR repeater work.
Proposal 2. Dynamic UL/DL resource configuration should be out-of-scope of rel-17 NR repeaters work.

3. Conclusion
In this contribution we have discussed issues related to repeater synchronization that RAN4 should consider while defining Rel.17 requirements for repeaters. We made following observations and concluded proposals below:
Observation 1. There are multiple implementation options for frame/slot/symbol synchronization of the repeater, but the assumptions of the implementation are out of scope of the Rel.17 WI.
Observation 2. The frame/slot/symbol timing accuracy requirement should consider the available switching times of UL/DL signals.
Observation 3. Base station may configure UL/DL resource with SFI which causes further requirements for a repeater to follow the UL/DL patterns.
Proposal 1. RAN4 to consider UL/DL signal timing within a repeater in practical deployment scenarios when determining the inaccuracy that will be tolerated for frame/slot/symbol timing.
Proposal 2. RAN4 should discuss to what degree Rel.17 repeaters would support semi-static and dynamic configurations of the UL/DL resources.
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