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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 RAN4#98bis-e the following was agreed on the group delay and TDD switching requirements, [3]:
Group delay requirement:
Further analysis required to see what's achievable performance on group delay for repeater and the potential impact on NW performance. 
· FFS whether group delay requirements needed or not
TDD Switching requirement:
It was agreed that a TDD switching requirement is needed at least for on/off mask. The following was agreed in the GTW. It is also noted that discussion on detailed requirements should take place under the RF requirements agenda in future.
TDD Switching Requirement is needed, and detailed requirements will be further discussed under RF requirements agenda.
· At least On/Off mask requirements will be introduced, FFS whether other additional requirements needed or not
· FFS how to cover both UL and DL directions for repeater
· FFS both directions jointly tested or not if repeater support both DL and UL
In this contribution we further 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.
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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. TP1 and TPr are constants and TA control essentially follows only the variation of the propagation delay TP2 on the access link.
With varying propagation delay of TP2 (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.

Fig.2 further illustrates the TX switching time between a DL slot followed by an UL slot, which is the more time critical case. Referring to Fig.1, the RX/TX switching gap (TSW_Repeater) is shown in Fig.2 relative to DL TX and UL TX signals. DL TX will be delayed from the DL RX within the repeater by the group delay, shown as a red bar. For UL TX, there is no need to consider the group delay as the UL TX timing is governed by the TA control and it is based solely on the compensation of the propagation delay over the BH link to the gNB. The DL slot TX is followed by a ramp-down of the TX power from the end of the slot. There is a power ramp-up period preceding the UL TX slot.
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Figure 2. Relative UL/DL slot timing in a repeater
The gap between DL TX and UL TX at the repeater is the RX/TX switching gap (on the backhaul link based on the timing advance control) reduced by the group delay and the power ramp-down and ramp-up period. The remaining margin (‘DL/UL DL/UL TX turnaround period’ in Fig.2) will be the available time period to switch the direction from DL to UL. 
Observation 5: The available gap between DL TX and UL TX will be the RX/TX switching gap on the backhaul link reduced by the group delay of the repeater and the ramp-down/-up periods of the DL/UL TX power.
The impact of the group delay on the available time to change the TX direction between DL/UL could be studied in different deployment (supported cell ranges) scenarios, and final decision on the need of group delay requirement could be taken later.
Proposal 1: RAN4 to study the impact of group delay to the available time for DL/UL switching and decide the need on group delay requirement based on the outcome.
As the time for DL/UL switching depends on the propagation delays and group delay, there will be no definite case based on what the maximum allowed switching time would be defined. Therefore, the requirements for the repeater TX OFF/ON and ON/OFF periods do not have to be any stricter than those for the base station, also considering the fact that the timing in general does not seem critical – with the assumption of reasonable group delay.
Proposal 2: Requirements for the repeater TX OFF/ON and ON/OFF times can be based on the base station requirements.

3. Conclusion
In this contribution we have analyzed the TDD timing with the usage of repeaters concluding with following observations and proposals:
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.
Observation 5: The available gap between DL TX and UL TX will be the RX/TX switching gap on the backhaul link reduced by the group delay of the repeater and the ramp-down/-up periods of the DL/UL TX power.
Proposal 1: RAN4 to study the impact of group delay to the available time for DL/UL switching and decide the need on group delay requirement based on the outcome.
Proposal 2: Requirements for the repeater TX OFF/ON and ON/OFF times can be based on the base station requirements.
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