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1. Introduction
In the RAN4#98-e 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  
RAN4#98bis-e further discussed the synchronization and agreed following, [4]:
· 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
Dynamic TDD:
No RAN4 requirements impact on dynamic TDD for repeater in Rel-17 RAN4 repeater WI. 
· It’s not precluded dynamic TDD can be supported with implementation
In RAN4#99-e following issues were identified for further elaboration on TDD switching, [4]:
· How to differentiate the two directions (UL/DL) in the diagram and the requirements?
· How to measure gain switching?
· Stimulus signal should remain ON for the whole time or also switch ON/OFF at TDD switching times?
· How to specify requirement to avoid stimulus signal power being measured (for OTA)?
· Are the above questions only conformance or are they relevant for how the core requirement is specified?
· Whether there is any requirement impact from the connection between DL switching occasion and UL switching occasion or can they be treated independently?
· Whether the test can be merged to other requirements such as output power, off power, EVM, etc
· Further refine the figure is not excluded. Repeater gain for DL and UL can be different.
· How to name the requirement
Agreed diagram for the baseline:
[image: ]
Figure 1 Baseline diagram for repeater TDD switching

RAN4#99-e left open whether a requirement for group delay is needed. Following issues need clarification, [4]:
· Would a group delay requirement or excessively long group delay constrain certain implementations or deployments?
· Should a group delay requirement apply only to an integrated repeater?
In this contribution we discuss the FFS points and provide proposals how to address these in RAN4.
2. Discussion
Time synchronization of repeaters can be achieved without wired backhaul over the air, or with GNSS receiver. The former one 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 time/frequency tracking. Considering the WID scope, and as agreed in RAN4#98bis-e, RAN4 does not assume anything about the implementation how the repeater would acquire the frame/slot/symbol timing. The options mentioned above can be candidates, but they do not exclude other implementation options.
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 1: The frame/slot/symbol timing accuracy should consider the available switching times of UL/DL signals, which need to be taken into account in how the switching time requirement is set.
It should be noted that the repeater synchronization is used to enable the RX/TX chain either for DL or UL signals at the correct time when the gNB/UE transmitted signal passes through the repeater, The timing of the transmitted signals are controlled by the gNB for DL TX and with TA control for UE UL TX. The repeater just causes a (constant) delay to the signal in its RF units. The synchronization should therefore just guarantee that the RX/TX path is ON and stable when DL/UL signal is passing. This implies that the RX/TX chain ON/OFF transition can happen somewhat earlier/later to guarantee the quality of the forwarded signal. This in turn mean the requirement for ON/OFF timing is not the same as signal timing.
Observation 2. Repeater synchronization to the received signal enables suitable timing for ramping up/down of the RX/TX chain but the timing of the TX signals are under the control of serving gNB.
UEs learn the TDD UL-DL pattern from the 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. However, as agreed in RAN4#98bis-e, there will be no Rel.17 requirements for dynamic TDD and the potential support it left of repeater implementation.
While there is no further work on dynamic TDD support, similar CLI scenarios as identified for dynamic TDD may occur if high power UL transmissions are allowed. As the issue is not specific for TDD timing, further discussion on these possible issues should take place in RF requirement discussion, where possible power classes, associated maximum output power limits and unwanted emission limits are considered.
Proposal 1: Possible further discussion on CLI due to high power UL transmissions should take place together with discussion on other associated RF requirements, such as maximum output power and unwanted emissions.
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: The frame/slot/symbol timing accuracy should consider the available switching times of UL/DL signals, which need to be taken into account in how the switching time requirement is set.
Observation 2. Repeater synchronization to the received signal enables suitable timing for ramping up/down of the RX/TX chain but the timing of the TX signals are under the control of serving gNB. 
Proposal 1: Possible further discussion on CLI due to high power UL transmissions should take place together with discussion on other associated RF requirements, such as maximum output power and unwanted emissions.
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