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1. Introduction
In the Way Forward document [1] from RAN4#98e following FFS items were identified on TDD specific conducted requirements:
Candidate TDD specific requirements for further discussion:
· time accuracy
· TDD switching
· REFSENSE
· transmit off requirements
· transient period requirements
In this contribution we elaborate the timing issues related to TDD operation of a NR repeater. 
2. Discussion
An amplify and forward (A/F) -type repeater should be able to switch the DL/UL signals according to used TDD pattern and resource allocations. The basic frame/slot timing shall be synchronized with the serving gNB DL signal; synchronization issues are discussed in detail in [2].
The UL/DL timing on TDD bands (TDD patterns) shall be synchronized in order to avoid excessive interference between UL/DL signals. DL is synchronous based on gNB TX timing common for all nodes. UL timing is based on timing advance (TA) control adjusting the UL TX timing to compensate the two-way propagation delay between UE and the serving node. The target UL RX timing at the gNB shall guarantee sufficient RX/TX switching time which shall be at least TAoffset which is either fixed for specific band or configurable (using broadcast system information). Fig.1 illustrates relative slot timing of a UL and DL signals when UE signals are going through a repeater.
[image: ]
Figure 1. Relative UL/DL slot timing with a repeater
In the illustrated case there is a propagation delay TP1 between the gNB and the repeater, and, another propagation delay TP2 between the repeater and UE. We may assume a delay between the RX and TX signals of the repeaters, indicated as TPr. The UE UL timing will be controlled the same way as without a repeater by TA control loop. The TA value at the UE shall compensate all delays (two-way) over two radio links and through the repeater, i.e. 2x(TP1+TPr+TP2), extended with additional TA value (min TAoffset) to provide the sufficient RX/TX gap (TSW) for the gNB.
If the propagation delays vary over the access link (between the repeater and a UE), the UL timing will remain constant with TA control loop as the link to the gNB (and TP1) is constant. This results essentially identical relative UL/DL timing of all UE signals.
Observation 1: Relative timing of UL/DL signals are essentially the same for all UEs at the repeater.
From the figure 1 it can be deducted that:
· the RX/TX switching gap will be larger at the repeater than at the gNB causing no further requirements for UL timing
· the group delay through the repeater will have the same impact as the propagation delays assuming that the delay is identical for both directions; the group delay can be assumed small and will have marginal impact on supported cell range
· for UE, the resource allocations by the gNB shall guarantee sufficient RX/TX switching time (TSW_UE, i.e. the transition time specified in TS 38.211) which will allows sufficient switching time (TSW_Repeater) also at the repeater.
Observation 2: Normal TA control loop for UL timing will have no additional requirements due to usage of repeaters.
Observation 3: Any group delay through the repeater will contribute the same way for timing as the propagation delays over the radio links.
Observation 4: The RX/TX switching times will be larger at the repeater than guaranteed for gNB and the UE with NR TA control loop and related parameters.
The switching time shall cover the time required for signal ramp-down and ramp-up. As the repeater will experience less time critical operation, there will be no need for tighter requirements for timing that is already specified for gNB and UE.
Proposal: The usage of repeaters does not cause additional requirements for DL timing or UL timing control.
3. Conclusion
In this contribution we have analyzed the TDD timing with the usage of repeaters concluding with following observations and proposal:
Observation 1: Relative timing of UL/DL signals are essentially the same for all UEs at the repeater.
Observation 2: Normal TA control loop for UL timing will have no additional requirements due to usage of repeaters.
Observation 3: Any group delay through the repeater will contribute the same way for timing as the propagation delays over the radio links.
Observation 4: The RX/TX switching times will be larger at the repeater than guaranteed for gNB and the UE with NR TA control loop and related parameters.
Proposal: The usage of repeaters does not cause additional requirements for DL timing or UL timing control.
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