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Introduction
In RAN#82, the following objectives of IAB work item were agreed [1]:
· Specification of mechanism to support the “Case-1” OTA timing alignment.

In RAN1-AH-1901, it has been agreed on
An IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta
· T_delta is signaled from the parent node, where the value is intended to account for factors such the offset between parent DL Tx and UL Rx, if any due to factors such as Tx to Rx switching time, HW impairments, etc.
· TA is the timing gap between UL Tx timing and DL Rx timing, which is derived based on existing Rel-15 mechanism
· FFS (not necessarily an exhaustive list):
· value range and granularity of T_delta
· need for aperiodic/periodic updates of T_delta
· other timing impairment factors for adjusting IAB node timing to be included in T_delta
· timing alignment when the IAB node has multiple parents

In RAN1 #96, it has been agreed on 
T_delta is indicated by a parent to the child node independently from the existing Rel.15 TA indication from the parent node used to set the UL Tx timing of the child IAB node’s MT
· T_delta is updated on an aperiodic basis determined by the parent node
· The child IAB node should trigger its DL TX timing adjustment by TA/2 + T_delta after it receives the timing offset T_delta indication from its parent node, if it is using OTA Timing Case 1 to obtain its DL timing.
· FFS: behavior if TA/2 + T_delta results in an effective negative timing offset
· FFS: delay between receiving T_delta and application of T_delta at the child node
· Separate value ranges/granularities may be considered for T_delta in FR1 and T_delta in FR2

[bookmark: _GoBack]In this contribution, we will discuss and propose child node behavior for its DL TX timing adjustment process in case the timing offset derived from signaling of the parent node results in an effective negative value.
OTA Downlink Transmit Timing in Case of Negative Adjustment Value 
The idea behind the agreement that an IAB node should set its DL transmission timing ahead of its DL reception timing by (TA/2 + T_delta) is that, with the definition and intention of TA and T_delta, the timing shift of (TA/2 + T_delta) should reflect the difference between the parent node’s DL transmission and the child IAB node’s DL reception timing due to propagation delay. Assuming ideal transmission and detection capabilities, (TA/2 + T_delta) would be identical to the propagation delay.
Observation 1: Assuming ideal transmission, detection and system capabilities, (TA/2 + T_delta) would be identical to the propagation delay between parent and IAB-node.
This implies that (TA/2 + T_delta) should be strictly non-negative. This is reasonable, since, if the child IAB node should ideally set its DL transmission timing identical to its parent node’s DL transmission timing, the child IAB node should not set its DL transmission timing after its DL reception timing – the parent node’s DL transmission timing can physically not been after the child node’s DL reception timing.
One can construct odd (unrealistic) cases, when correct parent signaling and reception at the child node of TA and T_delta could result in indicating an apparently negative propagation delay.
The setting/updating of timing advance TA of UL frames relative to DL frames at a child node and the signaling and setting of T_delta is under full control of parent node. What can happen, despite rouge signaling of a parent node, if the child node misses some, e.g. positive, TA update commands in combination with the parent signaling an increasingly negative T_delta (or the respective opposites), (TA/2 + T_delta) could turn out negative.
Observation 2: If the IAB-node misses timing advance update commands in combination with the parent signaling changes of T_delta, (TA/2 + T_delta) could turn out negative.
Since (TA/2 + T_delta) should (ideally) represent a physically non-negative quantity (propagation delay), we believe it is reasonable to assume a minimum timing adjustment term at the child node should be bound by zero. The resulting child node’s DL transmission timing would never be worse (i.e. further away from its parent node’s DL transmission timing) than using a negative adjustment value.
Since the reasons for a negative (TA/2 + T_delta) cannot necessarily be known at the child node, we believe that another reasonable choice for the behavior of a child node having a negative timing adjustment term, would be to simply keep the last DL transmission timing, before (TA/2 + T_delta) turned negative.
Proposal 1: In case an IAB node is signaled timing adjustment information leading to a negative timing adjustment term (TA/2 + T_delta), the IAB-node’s DL transmission timing should be set to its DL reception timing or to the last used DL transmission timing, before the negative occurrence of (TA/2 + T_delta).
More formally, if we denote as T_shift(n) the n-th update of (TA/2 + T_delta), and with DL Tx(n-1) the DL transmission timing at the child IAB node before its n-th update and DL Rx(n) the DL reception timing at the child IAB node at (i.e. in the moment of) the n-th update of DL Tx, we propose to derive the child IAB node’s DL Tx timing as
						(1)
i.e. the DL Tx timing is set ahead of the DL Rx timing by T_hat_shift(n),
with
						(2)
or
				(3)

Conclusion
In section 2 we made the following observations:
Observation 1	Assuming ideal transmission, detection and system capabilities, (TA/2 + T_delta) would be identical to the propagation delay between parent and IAB-node.
Observation 2	If the IAB-node misses timing advance update commands in combination with the parent signaling changes of T_delta, (TA/2 + T_delta) could turn out negative.

Based on the discussion in section 2 we propose the following:
Proposal 1	In case an IAB node is signaled timing adjustment information leading to a negative timing adjustment term (TA/2 + T_delta), the IAB-node’s DL transmission timing should be set to its DL reception timing or to the last used DL transmission timing, before the negative occurrence of (TA/2 + T_delta).
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