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1. Introduction
At the RAN1#97 meeting, the mechanism to support the “case-1” OTA timing alignment was discussed and following agreements were made [1]. 
	Agreements:
In Rel-16, an IAB node is not expected to receive T_delta when the IAB node MT is not in RRC_Connected mode. 
Proposals:
TA in (TA/2+T_delta) equals to the most recent time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i once T_delta is received.
•FFS whether or not additional information is necessary to convey to RAN4 for related performance requirements.  
Discuss till next meeting
Proposals:
Choose one of following signalling solutions to indicate T_delta to IAB node.
•Alt-1: MAC-CE 
•Alt-2: RRC 
Discuss till next meeting 



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
2.1	Necessity on simultaneous update of TA and T_delta
In the last RAN1 meeting, a necessity on simultaneous update of TA and T_delta were discussed. In order to analyze the necessity, we discuss what brings the update of TA and/or T_delta that may or may not lead the update of  downlink (DL) transmission (Tx) timing for IAB node DU, even once the DL Tx timing is set based on initial TA and T_delta. Figure 1 shows the mechanism to define the DL Tx timing for IAB node with compensating a propagation delay time using TA and T_delta with considering three typical cases for triggering the change of TA and/or T_delta, and potentially DL Tx timing.

(Case 1)  Changing propagation path
When a propagation path is changed (e.g. Path 0 to Path 1), a propagation delay time is also changed and it brings necessity on the update of TA. On the other hand, although the TA needs to be changed, a reception timing of DL signal at a child IAB node MT is also changed. Anyway, DL Tx timing of the child IAB node DU should be kept in this case. In fact, changing propagation path is not directly related to the DL Tx timing.
(Case 2)  Synchronization clock shift at IAB node
Synchronization clock at an IAB node is shifted with time and it affects transmission and reception timings of an IAB node. In this case, TA is updated for compensation of UL Tx timing and the IAB node should apply the updated TA also for compensation of DL Tx timing. On the other hand, the variation of TA value might be smaller than that in Case 1. 
(Case 3) Potential Tg change at parent node
Tg at a parent node may or may not be changed with time, and it brings necessity on the update of TA in order to compensate a reception timing of UL signal at a parent IAB node. Simultaneously, T_delta also needs to be updated according to the change of Tg, and updated T_delta shall be informed to a child IAB node. Anyway, DL Tx timing of the child IAB node should be kept since the Tg change is not directly related to the DL Tx timing. Furthermore, Tg change may rarely happen, and a LS reply on the range and granularity of T_delta from RAN4 would be helpful for the discussion.

Based on the discussion for above three cases, the OTA DL Tx timing adjustment would be mainly for compensating the synchronization clock shift at IAB node and/or the propagation delay change where TA update without T_delta update would be necessary, once the IAB node sets the DL Tx timing. Therefore, simultaneous update of TA and T_delta might not be necessary. Another discussion point is how an IAB node recognises that the update of TA is triggered by the shift of synchronization clock. On the other hands, the synchronization clock shift might be small and may not happen frequently. Thus, we believe that update timing of TA and T_delta can be left for implementations, e.g. setting a window for TA with considering a range of synchronization clock shift and a variation of TA is within the window, DL Tx timing for IAB node is updated.
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Figure 1: Mechanism to define the DL Tx timing for IAB node

Observation 1: “case 1” OTA DL Tx timing adjustment would be mainly for compensating synchronization clock shift at IAB node and/or the propagation delay change where TA update without T_delta update would be necessary, once IAB node sets the DL Tx timing. Therefore, simultaneous update of TA and T_delta might not be necessary. In addition, updating timing of TA and T_delta can be left for implementations.

2.2	Mechanism to improve DL Tx timing accuracy
At the RAN1#96 meeting, following agreements were made [2]. 
	Agreements:
· 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
· Send LS to RAN4 asking them to determine the exact values and granularity of T_delta and provide confirmation on RAN1’s assumption on the DL timing accuracy requirements for IAB nodes in case of OTA Case 1 timing is applied across multiple hops – R1-1903693 (Xinghua, Huawei), approved with final LS in R1-1903810



In above agreements, it is described that “if it is using OTA Timing Case 1 to obtain its DL timing”. Then, a question is whether any other DL Tx timing adjustment mechanism is supported/allowed in Rel-16 IAB or not. For example, if the IAB node has its own synchronization source such as GNSS, it should be clarified whether the IAB node shall follow the agreed OTA synchronization Case 1 mechanism or the IAB node can determine its DL TX timing based on its own synchronization source.
In our view, it is beneficial to support/allow using accurate synchronization source such as GNSS. For an IAB node having accurate synchronization source, at least it should be allowed to adjust T_delta value to be indicated to its child node. It can be used to reduce an accumulated residual timing error in case of multi-hop topology as shown in Figure 2. In order to generate appropriate T_delta value, the IAB node should be informed of target absolute DL Tx timing from the network (i.e., CU). 
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.
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Figure 2: Examples of OTA synchronization in multi-hop topology

If the IAB-node is allowed to use accurate synchronization source such as GNSS, as shown in Figure 2, such IAB-node can provide accurate T_delta value for DL Tx timing alignment even if a hop order of the IAB-node is high. For example, in case where an IAB-node has multiple parent nodes, the accuracy of T_delta value provided by each parent node would be dependent on the hop order of the parent node from the node having accurate synchronization source rather than a hop order from the donor node. Therefore, it would be beneficial for IAB node to indicate its hop order from a node having accurate synchronization source together with T_delta value to its child 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.

In addition, the IAB-node having accurate synchronization source can evaluate how accurate the T_delta value indicated by its parent node is, e.g., by comparing DL Tx timing derived by OTA synchronization Case 1 mechanism and DL Tx timing derived by its synchronization source and target absolute DL Tx timing information. If the parent node seems to have a certain DL Tx timing error, the child IAB-node having accurate synchronization source can report it. 
Proposal 3: The IAB-node having accurate synchronization source can report on an error regarding the indicated T_delta value to its parent node.


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.
Observation 1: “case 1” OTA DL Tx timing adjustment would be mainly for compensating synchronization clock shift at IAB node and/or the propagation delay change where TA update without T_delta update would be necessary, once IAB node sets the DL Tx timing. Therefore, simultaneous update of TA and T_delta might not be necessary. In addition, updating timing of TA and T_delta can be left for implementations.
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.
Proposal 3: The IAB-node having accurate synchronization source can report on an error regarding the indicated T_delta value to its parent node.
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