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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 #96 [1].
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, approved with final LS in R1-1903810.
Further discussions
Dependency between T_delta and TA
In the mechanism of OTA-based case-1 timing alignment, T_delta is measured at the parent node and TA is measured at the child node. So far there are two understandings regarding to dependency between these two values. 
· Understanding #1: The change of TA at child node (i.e., change of UL-Tx timing) would cause the change of T_delta (interval between DL-Tx and UL-Rx) at parent node. 
· Understanding #2: The purpose of TA adjustment is to stabilize the UL-Rx timing at the parent node. So even though TA changes at child node, the corresponding interval between DL-Tx and UL-Rx at parent node (i.e., T_delta) can be stable or unchanged. 
The difference decision between above two understandings would lead to different design for case-1 timing mechanism.
Within understanding #1, T_delta is the function of TA and therefore should be time-stamped with application of TA adjustment. To be more specific, as shown in Figure 1, the parent and the child need to take the following steps to maintain the case-1 timing. 


[bookmark: _Ref4592588]Figure 1 Parent-child communication to maintain case-1 timing
· At time tp,1, the parent node sends to the child a first TA command denoted as TA1; at time tp,3, the parent node sends to the child a second TA command denoted as TA2. 
· At time tc,1 and tc,5, the child node successively receives the TA commands TA1 and TA2 respectively. Note that these two time instance would be known to the parent based on the positive ACK feedback. 
· At time tc,2 and tc,6, the child node applies the received TA commands TA1 and TA2 respectively. The time intervals of (tc,2- tc,1) and (tc,6- tc,5) are specified as Rel-15 UE behavior in TS38.213 and therefore known to the parent as well. Here the IAB MT is assumed to reuse Rel-15 UE behavior for TA adjustment. 
· At time tp,2 (after the parent ensures the TA1 is applied), the parent node measures T_delta and sends it to the child. Note: the timing relation between tc,2 and tp,2 in this steps can be considered as “good will” behavior of parent node and therefore left unspecified.
· At time tc,3, the child node successively receives the T_delta. Note that this time instance of tc,3 would be known to the parent based on the positive ACK feedback.
· At time tc,4 or by the time tc,4, the child node applies the received T_delta, i.e., derives the case-1 timing offset based on T_delta and current TA that associates with TA1. 
From the above steps, it can be seen that the parent needs to know the time instance of tc,4, or equivalently the time interval (tc,4- tc,3), in order to keep tc,6 no earlier than tc,4; otherwise, the child node may mistakenly derive the case-1 timing by using the received T_delta (which corresponds to TA1) and the latest TA offset corresponding to TA2. So it is necessary to specify the interval length or maximum interval length of (tc,4- tc,3). This is to allow the parent taking proper timing behavior in sending new TA command, even if this proper timing behavior can be implementation issue. In addition, MAC-CE could be more meaningful than RRC signaling to carry T_delta in this case in order to complete the timing diagram shown in Figure 1 not above MAC layer. 
Within understanding #2, T_delta is not considered as the function of TA, which means T_delta can be paired with any TA to calculate the one-way propagation delay. There is no need to specify the delay of applying the T_delta, and T_delta can be carried in RRC signaling. 
Proposal 1: RAN1 selects one assumption from following two options, before looking into delay of applying T_delta and signaling carrying T_delta. 
· Option 1: The change of TA at child node causes the change of T_delta at parent node.  
· Option 2: The change of TA at child node does not cause the change of T_delta at parent node.  
Accuracy indication for DL-Tx timing 
For the OTA-based case-1 timing, the DL-Tx timing of an IAB node is determined as DL-Rx timing at that IAB node less than the estimated one-way propagation delay, where the DL-Rx timing at this IAB node is the DL-Tx timing at the parent node plus one-way propagation delay. Therefore, the accuracy of DL-Tx timing at an IAB node is relating to: 
· the accuracy of DL-Tx timing at its parent node and accuracy of one-way propagation delay, if the IAB node performs OTA-based timing alignment;
· the accuracy of GPS timing, if the IAB node performs GNSS-based timing alignment.   
In a multi-hop IAB topology tree, because the GNSS-equipped IAB node can be on any hop level, the accuracy of DL-Tx timing of an IAB node on the larger-hop-order layer is not necessarily worse than that of an IAB node on the smaller-hop-order layer. So as far as DL-Tx timing accuracy is concerned, a metric of DL-Tx timing variation is more meaningful than the straight indication of hop order. Each IAB node and donor node can either broadcast or dedicatedly inform each child node of its own estimated DL-Tx timing variation in terms of statistics variation from the ideal DL-Tx timing. This estimated DL-Tx timing variation is derived based on either its GPS timing error range (if using GPS) or the DL-Tx timing variation indicated by its parent for backhaul link plus the estimation error upon one-way propagation delay. How the derivation is done can be node implementation issue. This statistics metric of DL-Tx timing variation maybe anyway desirable in RAN4 requirement for inter-node synchronization. It is also useful in the multi-parent scenario. 
· In case of route selection, the metric of DL-Tx timing variation could serve as a criteria in the decision whether the target parent can be selected by the current IAB node as new parent. The IAB node should not stay with a new parent whose DL-Tx timing variation could make the IAB node’s own DL-Tx timing variation riskily large comparing to RAN4 requirements. 
· In case of route redundancy, the IAB node observes at least two backhaul downlinks, each with its own DL-Tx timing variation/metric. There could be numerous ways for the IAB node to derive its DL-Tx timing on child link based on these multiple DL-RX timing on backhaul links and multiple one-way propagation delay estimations, with the consideration that the DL-Rx timing variation at its receiver end is on top of DL-Tx timing variation at the parent side. The whole algorithm can be implementation based. The key issue is that the multiple DL-Tx timing variations/metrics could serve as algorithm inputs.    
Proposal 2: Each of IAB node and donor node signals to the child IAB node its own estimated DL-Tx timing variation on child link, where this timing variation represents the statistics variation from the “ideally synchronized network wide” DL-Tx timing. 

Conclusions
Based on the discussion, we have the following observation and proposals:
Proposal 1: RAN1 selects one assumption from following two options, before looking into delay of applying T_delta and signaling carrying T_delta. 
· Option 1: The change of TA at child node causes the change of T_delta at parent node.  
· [bookmark: _GoBack]Option 2: The change of TA at child node does not cause the change of T_delta at parent node.  
Proposal 2: Each of IAB node and donor node signals to the child IAB node its own estimated DL-Tx timing variation on child link, where this timing variation represents the statistics variation from the “ideally synchronized network wide” DL-Tx timing. 
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