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1. Introduction
At the RAN1 NR-Adhoc #1901 meeting, the mechanism to support the “case-1” OTA timing alignment was discussed and following agreements were made [1]. 
	R1-1901417
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



In this contribution, we discuss further on the mechanism to support the “case-1” OTA timing alignment. 
2. Discussion on mechanism to support the “case-1” OTA timing alignment
As shown in Figure 1, it was agreed that an IAB node should set its DL Tx timing ahead of its DL Rx timing by TA/2 + T_delta. Even if the IAB node has another synchronization source such as GNSS or IEEE 1588 PTP, the IAB node should follow the agreed OTA synchronization mechanism based on DL Rx timing, TA and T_delta provided by its parent node.
In addition to how to determine DL Tx timing at IAB-node, we consider that how to generate T_delta value at parent node/donor should also be specified. If it is not well specified, inappropriate T_delta value may be indicated from parent node to child node. In addition, if the accuracy of T_delta for OTA synchronization is ensured by the specification at least within a certain tolerance, it would be easy to specify timing alignment mechanism for the case where the IAB-node has multiple parent nodes. For example, hop order of each parent node can be used for selecting and/or weighting the DL Tx timing. 
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Figure 1: Example of “TA with T_delta” based OTA synchronization

The possible problem of OTA synchronization in multi-hop topology is an accumulation of residual timing errors e.g., due to limited granularity of TA and T_delta indications, as shown in Figure 2 (a). If an IAB-node with e.g., 3rd hop order has accurate synchronization source such as GNSS and knows target absolute DL Tx timing, although the IAB-node should follow the agreed OTA synchronization mechanism based on DL Rx timing, TA and T_delta provided by its parent node, T_delta value generated at the IAB-node for its child node can be adjusted by using the synchronization source and information of target absolute DL Tx timing so that accumulated residual timing error can be reduced at the IAB-node, as shown in Figure 2 (b). In addition, assuming such accurate T_delta indication from IAB-node having accurate synchronization source, information of hop order from such node (instead of hop order from donor node) would be beneficial for selecting and/or weighting the DL Tx timing in case of multiple parent nodes.
[image: ]
Figure 2: Examples of OTA synchronization in multi-hop topology
Proposal 1: In order to generate accurate T_delta value to be indicated to child node, information regarding target absolute DL Tx timing can be provided to the IAB-node.
Proposal 2: For the IAB-node having multiple parent nodes, each parent node can indicate its hop order from a node having accurate synchronization source.


3. Conclusion
In this contribution, we discussed on the mechanism to support the “case-1” OTA timing alignment. Based on the discussion, we made following proposals.
Proposal 1: In order to generate accurate T_delta value to be indicated to child node, information regarding target absolute DL Tx timing can be provided to the IAB-node.
Proposal 2: For the IAB-node having multiple parent nodes, each parent node can indicate its hop order from a node having accurate synchronization source.
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(a) OTA synchronization in multi-hop topology (b) OTA synchronization with T_delta adjustment 

based on sync source in multi-hop topology


