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Introduction
This contribution further discusses OTA based case-1 timing on IAB backhaul, based on the following agreements made in RAN1 AH #1901 [1].
Agreements:
An IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta
· T_delta is signalled 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 Tdelta
· need for aperiodic/periodic updates of Tdelta
· other timing impairment factors for adjusting IAB node timing to be included in Tdelta
· timing alignment when the IAB node has multiple parents
· Note: once the design of the above FFS points is in a good shape, an LS to RAN4 may be necessary to solicit their input
Further discussions
Update of Tdelta
First of all, there seem no needs for the parent node to periodically update the child node with new values of Tdelta. The fact is that even if the parent node periodically sends the notifications of Tdelta values to the child node, because these notifications are carried inside higher layer signaling and subject to the potential re-transmissions in the physical layer HARQ procedure, the successful receptions of such notifications at the child node may not be periodic any more. On the other hand, it should not be excluded that RAN4 may, per performance wise, require the parent node update the Tdelta at least once per one period of time for each child node.  
Proposal 1: From RAN1 perspective, there is no need for the parent node to periodically update the values of Tdelta for the child nodes. It is not excluded that RAN4 may require the parent node update the Tdelta at least once per one period of time for each child node. 
On the child node side, the successful reception of the Tdelta notification does not necessarily mean the child node has to update the DL Tx timing with the notified Tdelta. As one of the reasons, the TA and Tdelta are independently measured at the child node and parent node, respectively; due to measurement errors, TA/2 + Tdelta may or may not be positive. If TA/2 + Tdelta, which reflects the one-way propagation delay, is not positive, the child node should discard the notified Tdelta. On the other hand, if the child node can validate TA/2 + Tdelta and decides to update the DL Tx timing, the child node should do so within a pre-determined time window known to the parent node. This is because the parent node needs to ensure when it is safe to either send new TA command to the child node or measure the new Tdelta so that the child node would not have a wrong pairing of TA and Tdelta in calculation of TA/2 + Tdelta [2]. 
Proposal 2: Upon successful reception of the Tdelta notification, the IAB node chooses one of following two behaviors: 
· Discard Tdelta without updating the DL Tx timing; or
· Update DL Tx timing using notified Tdelta within a pre-determined time window that is known to the parent node.    
Granularity of Tdelta
Although the TA is adjusted in steps with fixed step unit size, it is measured locally at the child node. So there is no concern on TA granularity in terms of calculation of TA/2 + Tdelta. In principle, the smaller the granularity of Tdelta, the closer the TA/2+Tdelta to one way propagation delay. However, there are measurement errors in time of arrival (TOA) measurements in both parent node and child node. Any Tdelta granularity less than those measurement errors may not be able to contribute much to the precise setting of DL Tx timing. The TOA measurement error may depend on the carrier numerology. As a tradeoff between simplicity and estimation accuracy, the Tdelta granularity can be defined per frequency range (FR). 
Proposal 3: Two separate granularities are defined for Tdelta in FR1 and Tdelta in FR2. 
Range of Tdelta
[bookmark: _GoBack]Tdelta is the time different between DL-Tx and UL-Rx in the parent node, and is relating to the propagation delay and the timing advance between DL-Rx and UL-Tx in the child node. The timing advance is given by [image: ], where NTA is an adjustable value accumulated by consecutive TA commands carried in MAC-CE, and [image: ]depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). [image: ] is known to both parent node and child node via high layer signalling (n-TimingAdvanceOffset) or a default value (if high layer signalling is not provided). So it is feasible for the indicated Tdelta value not to account for [image: ]. Further, for the case-1 timing, it is sufficient for the parent node to keep the UL-Rx timing within such a range that it can be adjusted by one (or just a few) TA commands to become as close to DL-Tx timing as possible, by assuming no effect of [image: ]. In other words, the range of TA command in MAC CE, i.e., [-31, 32], provides a good reference to range of Tdelta. For more specific range of Tdelta, it would be better to have further joint consideration with RAN4.
Proposal 4: The range of Rel-15 TA command in MAC CE can be used as a reference to decide the range of Tdelta.
Timing alignment in case of multiple parents
It is concluded in IAB SI [3] that:
With the assumption of a <=3us timing requirement across IAB-nodes within overlapping coverage, TA-based OTA synchronization can support a multi-hop IAB network (up to 5 hops) for FR2. TA-based OTA synchronization may not be sufficient to support multiple hops in FR1.
Apparently the IAB node on a deeper hop more likely has larger synchronization error comparing to the DL Tx timing of its donor node. Without loss of generality, assume one IAB node has two parents: one parent (A) on x-th hop and another (B) on y-th hop, where x≤y.  
·  In case of route selection, the IAB node switches the parent from one to another. If the switching is from A to B, RAN1 may need to study whether the timing alignment accuracy should be considered as one of criteria to allow or disallow the switching to a new parent on a deeper hop, and (if yes) how.   
·  In case of route redundancy, which is based on NR-NR DC, the parent node serving as MCG could be on the deeper hop. Then RAN1 may need to study whether to follow the MCG parent or the parent on the shorter hop to perform the case-1 timing alignment. 
Conclusions
Based on the discussion, we have the following proposals:
 Proposal 1: From RAN1 perspective, there is no need for the parent node to periodically update the values of Tdelta for the child nodes. It is not excluded that RAN4 may require the parent node update the Tdelta at least once per one period of time for each child node. 
Proposal 2: Upon successful reception of the Tdelta notification, the IAB node chooses one of following two behaviors: 
· Discard Tdelta without updating the DL Tx timing; or
· Update DL Tx timing using notified Tdelta within a pre-determined time window that is known to the parent node.    
Proposal 3: Two separate granularities are defined for Tdelta in FR1 and Tdelta in FR2. 
Proposal 4: The range of Rel-15 TA command in MAC CE can be used as a reference to decide the range of Tdelta.
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