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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

Internal discussions with RAN4 delegates have indicated that the LS [7] may be difficult to understand due to some apparent misalignment with current 3GPP terminology used in some specification. In this contribution, we want to discuss and clarify how terms in the context of OTA Timing Alignment relate to existing specifications and their meaning.
Clarification on OTA Timing Alignment Terminology and Definitions
It has been agreed that the timing alignment procedure should be DLTx@c = DLRx@c – T_shift, whereas DLTx@c and DLRx@c denote the DL transmission and reception timing at the child node and T_shift is, by agreement, defined as T_shift = TA/2 + T_delta.
It has been agreed on that TA is the timing gap between ULTx@c and DLRx@c, whereas ULTx@c and DLRx@c denote the UL transmission and DL reception timing, i.e. TA = DLRx@c – ULTx@c (see Fig. 1), to be derived based on existing Rel-15 mechanism.
In [2] it is stated that the reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus (N_TA + N_TA,offset)*Tc.
In [3] it is stated that an UL frame for transmission from the UE shall start (N_TA + N_TA,offset)*Tc before the start of the corresponding DL frame at the UE.
N_TA, N_TA,offset and Tc are specified in [2,3,4].
From that we conclude that TA as described in [6] is actually TA = (N_TA + N_TA,offset)*Tc. Note that the definitions of reference points rather refer to the detected frame starts (and ends) a) from a UE perspective and b) not necessarily to any actual transmission or reception by gNB-DU or UE, e.g. a gNB-DU does not need to actually transmit in DL or receive in UL throughout a complete slot. We would like to also mention that there is no positive or negative limit imposed on N_TA in the 3GPP 38.xxx series; this is different in LTE, where [5] specifies limits on N_TA (e.g. making N_TA strictly non-negative). Thus, to our best knowledge, TA is a signed parameter.
In an ideal system, the shift parameter T_shift as defined above is to account for the propagation delay Tp = DLRx@c – DLTx@p (see Fig. 1) between parent and IAB-node. If we set T_shift = Tp, one gets TA=2*Tp – 2*T_delta. Comparing with Fig. 1, one can recognize that T_delta = 0.5*T, with T defined as T = ULRx@p – DLTx@p. Note that T in the timing configuration as used in Fig. 1 is actually negative, and therefore T_delta would be as well.
This is in agreement with T_delta being the value 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, and HW impairments. Neglecting factors such as HW impairments that is difficult to account for, we believe it is reasonable to define T_delta = 0.5*(ULRx@p – DLTx@p).
We would like to comment that TA (as defined above) is measured only at the child IAB node (like a UE) and generally not known to the parent node, since the parent node cannot guarantee any correct reception and implementation of timing advance commands. T_delta, on the other side, is only known to the parent node.
In Fig. 1, Tg, the gap between end of UL frame reception and beginning of DL frame transmission at the parent node, can be derived as Tg = DLTx@p - (end of) ULRx@p = DLTx@p - (beginning of) ULRx@p – from a timing point of view. We have therefore the relation 2*T_delta = -Tg. Note again, that frame beginning (or end) is practically not related to when a gNB (or gNB-DU) and UE (or IAB-node MT) start/stop transmitting/receiving symbols or slots in a frame (e.g. a transmission can stop before the transmit frame duration ends).
We recognize that in many actual implementations of gNBs, the switch gap between reception (UL) and transmission (DL) is close to N_TA,offset * Tc in magnitude. 3GPP does not impose any such relation, and therefore, from a specification point of view, N_TA,offset should not be used to define or describe Tg and in consequence not T_delta. However, nothing prevents to signal information from parent to child IAB node, e.g., as the difference between T_delta and 0.5*N_TA,offset * Tc (likely in multiple of Tc).

[image: ]
Figure 1: DL and UL timing alignment at parent and child-IAB node. Red arrows indicate signed parameters being positive if the arrow is right-pointing.

Note: We believe the TA parameter as agreed on in RAN1-AH-1901, is the time an UL frame for transmission from the UE starts before the start of the corresponding DL frame at the UE. This should not be confused with T_A as define in [4], the timing advance command from parent to child node for the sake of updating N_TA.

Summary
DLTx@c = DLRx@c – T_shift
T_shift = TA/2 + T_delta
TA = DLRx@c – ULTx@c
TA = (N_TA + N_TA,offset)*Tc
Tp = DLRx@c – DLTx@p
T_delta = 0.5*T
T = ULRx@p – DLTx@p
T_delta = 0.5*(ULRx@p – DLTx@p)
Tg = DLTx@p - (end of) ULRx@p = DLTx@p - ULRx@p
2*T_delta = -Tg

Conclusion
The LS is related to RRM for IAB, which is not on the agenda in RAN4#90-Bis (April 2019, Xi'an, China). RAN4 is therefore not expected to treat the LS in the coming RAN4#90-Bis. RAN1 should consider the opportunity of an update of the LS that is more aligned with current 3GPP terminology in order to support RAN4 in providing a timely response.
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