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Introduction
This contribution further discusses OTA based case-1 timing on IAB backhaul, based on the following agreements made in earlier RAN1 meetings.
Agreements [RAN1 #96]:
· 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
Agreements [RAN1 #96b]:
In order to align the DL TX timing of the IAB node with the DL TX timing of the parent node by setting DL TX timing of the IAB node (TA/2 + T_delta) ahead of its DL Rx timing, T_delta should be set to the (-1/2) of time interval at the parent node between the start of UL RX frame i for the IAB node and the start of DL TX frame i. 
· The setting of T_delta is not necessarily specified. 
· Note: The above setting of T_delta assumes that, for the same purpose, TA should be the time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i.
· Send LS to RAN4 for timing clarification. R1-1905841, which is approved with the following updates:
· IAB_Core
· Fix meeting location for the August meeting
· Fix the top blue box in the appendix from UL to DL
Final LS in R1-1905842
Agreements [RAN1 #96b]:
· In case the calculated TA/2 + T_delta at IAB node is negative, the IAB node should not adjust its DL-Tx timing. 
Agreements [RAN1 #97]:
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
Several pending issues
Whether to trigger DL-Tx timing adjustment due to other relevant parameters
It is agreed in the earlier meetings that the DL-Tx timing of an IAB node should be set to 
                           (1)
and that the indication of T_delta would trigger the adjustment of . Now the question is whether there should be some other parameters whose value change or signaling indication should have the same obligation. 
· Indication of NTA and NTA,offset: the change of either NTA or NTA,offset would change TA, which would changes UL-Tx timing at the IAB node and very likely the UL-Rx timing at the parent node, and then may eventually change T_delta. Therefore, the IAB node should not adjust its DL-Tx timing just due to indication of NTA or NTA,offset while not waiting for the potential indication of the resultant change of T_delta. 
· Change of DL-Rx timing ():  This timing change could be caused by either the change of DL-Tx timing of the parent node or the change of one-way propagation delay between the IAB node and the parent node. 
· If the reason is just the change of DL-Tx timing of the parent node, application of (1) after the IAB identifies the change of DL-Rx timing should fulfill the timing target if the IAB node would know when the parent changes the DL-Tx timing. However, the signaling for parent to inform the IAB node of the DL-Tx timing change seems not much different from the signaling to inform the IAB node of T_delta, in terms of functionality, signaling cost and complexity.  
· If the reason is just the change of one-way propagation delay, the IAB node should not apply (1) immediately because the new one-way propagation delay is not correctly reflected by , which may not yet updated by the parent node.
It should be noted that both of above reasons may or may not happen at the same time. It is also hard for the IAB node or the parent node to identify whether the two reasons happen simultaneously at a moment. Therefore, compared to taking risk in deriving the incorrect DL-Tx timing, to maintain the current DL-Tx timing until the equation (1) is triggered upon a new T_delta indication should be a better choice.  
It was mentioned in RAN1 #97 meeting to wait for RAN4’s decision on the granularity of T_delta before RAN1 decides whether TA can trigger the DL-Tx timing adjustment. It is noted that RAN4 already made their decision as following [2]:
· The granularity of T_delta shall be finer than the granularity of TA command. 
According to the RAN1 discussion, this RAN4 decision is not in favor of using TA command to additionally trigger DL-Tx timing adjustment. 
Proposal 1: Any changes in NTA, NTA,offset  and DL-Rx timing at an IAB node do not trigger the adjustment of its DL-Tx timing.
How to avoid inconsistency between TA and T_delta
[image: ]
[bookmark: _Ref16505573]Figure 1 OTA-based timing alignment
Within the OTA-based timing alignment as shown in Figure 1 and outlined in [2], the one-way propagation delay (Tp), TA value and T_delta (=-Tg/2) satisfy Tp = TA/2 + T_delta.
· The parent node measures T_delta at the time t1, which satisfies Tp = TA(t1)/2 + T_delta(t1).
· Upon reception of T_delta(t1), the IAB node uses the local TA, which is measured at t2, to derive the propagation delay .
It can be seen that . The inconsistency happens when , due to the time-varying of NTA upon TA commands and unsynchronized measurements of TA and T_delta in two different nodes. For example, the parent node sends to IAB node an indication of T_delta first and then sends to the IAB node a new TA command; for some reason the IAB node successfully receives the new TA command first so that the newly-adjusted TA is incorrectly paired with T_delta which corresponds to the earlier TA. Two solutions were identified in RAN1 #97 meeting [1]:
· Solution 1: To specify that the TA in (TA/2+Tdelta) equals to the most recent TA value before T_delta is received. Then it is parent’s implementation to ensure not to send a new TA command before the IAB node successfully receives T_delta, e.g., by receiving ACK from the IAB node. 
· Solution 2:  To specify the IAB node behaviour of (up to) when to apply the T_delta so that the parent node can be aware of when the T_delta and the correct TA are already used by the IAB node for its DL-TX timing adjustment. Then it is parent’s implementation to ensure not to send a new TA command before the IAB node applies T_delta.
If proposal 1 is agreed, i.e., NTA update does not trigger the DL-Tx timing adjustment, the solution 1 should be a natural consequence, because the specification anyway needs to clarify which NTA instance within the TA history should be paired with T_delta, and any NTA instance other than the latest one before receiving T_delta would be lack of justification. Then it is better to adopt the Solution 1 given it can additionally solve the inconsistency issue mentioned above. 
Proposal 2: To specify that the TA in (TA/2+Tdelta) is the most recent TA before T_delta is received.
On the other hand, even if Solution 2 is dropped here, RAN1 should discuss whether the specification is needed for when to adjust DL-Tx timing after receiving T_delta, for example, at frame boundary or at any unspecified instance.   
Proposal 3: To discuss whether to specify the time for IAB node to adjust DL-Tx timing after receiving T_delta. 
[bookmark: _GoBack]Both Solution 1 and Solution 2 mentioned above requires TA updating and T_delta indication stay in the same protocol layer in order to easily maintain the timing relation in between. Because TA updating relies on MAC-CE, it is natural to use MAC-CE as signaling to carry T_delta indication. The specification would be more complicated on timing consistency issue if TA updating is in MAC and T_delta updating is in RRC. 
Proposal 4: To use MAC-CE to carry T_delta.
DL Tx timing error range based on OTA synchronization
Although how to keep network synchronization within a range such as 3us is an implementation issue on the eNB/gNB side in LTE/NR, it is valuable for IAB multi-hop and multi-parent scenarios to take into account certain timing reliability metric based on OTA synchronization, e.g., IAB node’s DL Tx timing error range, which could be as information to convey to RAN4 for related performance requirements.
· For multi-hop, synchronization error may be propagated and accumulated in the same error direction, thus, it is beneficial, for better fulfilling network synchronization requirement, to indicate DL-Tx timing error range.
· For route selection, in addition to hop order, DL-Tx timing error range could also be used as a reference to select which target node as new route selection.
· For route redundancy, similarly, DL-Tx timing error range could also be used as a reference to select which target node as source to trigger the child node’s DL-Tx timing. On the other hand, in a way of implementation, it could also be used as a criteria to weight for multiple child node’s DL-Tx timing result based on multiple source from multiple parents.
Proposal 5: It should be supported that the IAB node indicates to other IAB node its DL-Tx timing error range. How DL-Tx timing error range is derived can be based on implementation and therefore not necessarily specified.
Conclusions
Based on the discussion, we have following proposals:
Proposal 1: Any changes in NTA, NTA,offset  and DL-Rx timing at an IAB node do not trigger the adjustment of its DL-Tx timing.
Proposal 2: To specify that the TA in (TA/2+Tdelta) is the most recent TA before T_delta is received.
Proposal 3: To discuss whether to specify the time for IAB node to adjust DL-Tx timing after receiving T_delta. 
Proposal 4: To use MAC-CE to carry T_delta.
Proposal 5: It should be supported that the IAB node indicates to other IAB node its DL-Tx timing error range. How DL-Tx timing error range is derived can be based on implementation and therefore not necessarily specified.
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