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1 [bookmark: _GoBack]Introduction
This contribution provides an updated view on the envisioned IAB node synchronization framework encompassing the agreements made in the SI in the context of the scope of the IAB WID [1].
2 Synchronization framework for IAB nodes
The baseline synchronization framework for IAB has been agreed during the SI [2]. In summary the framework consists of the following:
1. Each IAB node is subject to the same synchronization accuracy requirements as currently defined in Rel 15 for a gNB unless RAN4 will specify different requirements.
2. For the DU the transmit timing of the downlink is aligned at all IAB nodes while the receive timing of the uplink is left to the DU implementation, as for a Rel 15 gNB. For the MT the receive timing of the downlink and the transmit timing of the uplink follow the Rel 15 UE specifications. This is referred as ‘Case 1’ timing in the SI [2].
3. An IAB node can use a method of choice, e.g. GNSS receiver, depending on implementation and/or configuration, to meet the synchronization accuracy requirements.
4. OTA synchronization to the parent IAB node(s) is an additional synchronization method available to an IAB node.
 
As per the synchronization framework described above, since an IAB node is not precluded from using multiple synchronization sources the estimate of the node’s DL Tx timing depends on the selected synchronization source(s). 
When multiple synchronization sources are available to an IAB node (e.g. GNSS receiver and OTA synchronization), estimates of the DL Tx timing can be derived from each source. It should also be noted that in this context if the IAB node has more than one parent node, each parent can also be considered as a separate synchronization source.
 
Proposal 1: The IAB node computes an estimate DL_Tx_timing_s of its DL Tx timing from each synchronization source s available to the IAB node.
The IAB node sets its DL Tx timing as DL_Tx_timing = Ʃ (DL_Tx_timing_s · ws) where ws is an appropriate weight factor for source s.
FFS how to determine the weights ws .

The agreements in RAN1 #96bis clarified the actual definition of TA.  With this definition, as illustrated in Figure 1 for the TDD case, the downlink timing TxD at an IAB node can be computed as:

As a result T_delta needs to be defined as T_delta = - (NTA,offset + Δ) / 2, where Δ is defined for TDD operation as Δ = GRx2Tx – NTA,offset.

[bookmark: _Hlk1056441][bookmark: _Hlk7453043]Observation 1: In the context of the computation of the DL Tx timing estimate at an IAB node based on OTA synchronization to the parent node as DL_Tx_timing = DL_Rx_timing – (TA/2 + T_delta), for proper operation the parent node needs to set the value of T_delta to T_delta = - (NTA,offset + Δ )/ 2 where Δ is defined for TDD operation as Δ = GRx2Tx – NTA,offset.




[bookmark: _Ref1037688]Figure 1 – Timing diagram for TDD with Tx and Rx misalignment at the DU


The value of Δ = GRx2Tx – NTA,offset is envisioned to be an implementation choice for an IAB node and it is a deterministic value rather than a quantity that needs to be estimated (and so applies to the derived value T_delta). As a result, provided the selection of Δ is done to match one of the values that can be communicated to the children nodes via the selected signalling choice (which in turn it depends on the resolution selected for ths valur, the value of Δ does not have an impact on the accuracy of the DL Tx timing estimate at the children nodes.

Observation 2: The granularity of T_delta has no bearing on the accuracy of the DL Tx timing estimate, provided the IAB node selects a value of Δ for its Tx/Rx alignment that matches one of the available values for T_delta.

The value of Δ is envisioned to be relatively static and hence it is not expected to require frequent updates to be sent to the children nodes. A change in the value of Δ means that the UL Rx boundary at the IAB node is modified, and hence it requires the timing advance NTA to be updated accordingly. As a result T_delta needs also to be updated in alignment with the associated changes in the timing advance, so that the child node receiving the new timing advance NTA and the new T_delta can apply them at the same in the context of the computation of the DL Tx timing. Failure to do so, i.e. using inconsistent values of NTA and the new T_delta, would result in a temporary incorrect calculation of the DL Tx timing.

Proposal 2: Consistent values of NTA and T_delta need to be made available to a child node in the context of the computation of the DL Tx timing from OTA synchronization.

With the esclusive use of OTA based timing derived from the parent node the synchronization error between two nodes generally increases as the number of nodes in between increases due to error propagation. However, certain nodes in the chain may actually rely on additional synchronization sources, and hence have the ability to reduce the synchronization error. As a result these nodes can offer a more reliable timing reference to the downstream nodes. The overall system can benefit if the downstream nodes can be provided with a measure of the reliability of the timing reference of a given parent node, as an appropriate weight factor (in the context of Proposal 1) can be applied accordingly improving the accuracy of the resulting Tx timing estimate.

Proposal 3: An IAB nodes provides to its child nodes a measure of the reliability of its timing reference.
3 Conclusion
This contribution provided some clarifications and updates for the IAB node synchronization framework.
The following observations and proposals have been made:

Proposal 1: The IAB node computes an estimate DL_Tx_timing_s of its DL Tx timing from each synchronization source s available to the IAB node.
The IAB node sets its DL Tx timing as DL_Tx_timing = DL_Tx_timing_s • ws where ws is an appropriate weight factor for source s.
FFS how to determine the weights ws .

Observation 1: In the context of the computation of the DL Tx timing estimate at an IAB node based on OTA synchronization to the parent node as DL_Tx_timing = DL_Rx_timing – (TA/2 + T_delta), for proper operation the parent node needs to set the value of T_delta to T_delta = - (NTA,offset + Δ )/ 2 where Δ is defined for TDD operation as Δ = GRx2Tx – NTA,offset.

Observation 2: The granularity of T_delta has no bearing on the accuracy of the DL Tx timing estimate, provided the IAB node selects a value of Δ for its Tx/Rx alignment that matches one of the available values for T_delta.

Proposal 2: Consistent values of NTA and T_delta need to be made available to a child node in the context of the computation of the DL Tx timing from OTA synchronization.

Proposal 3: An IAB nodes provides to its child nodes a measure of the reliability of its timing reference.
4 Appendix
Reference agreements from recent RAN1 meetings:
In RAN1 AH1901 the following agreement was made:
Agreement:
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


Moreover, in RAN1 #96 the following agreement was made:
Agreement:
· 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

Furthermore in RAN1 #96bis the following agreement was made:
Agreements:
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. (Xinghua, Huawei)  R1-1905841, which is approved with the following updates:
· IAB_cCore
· Fix meeting location for the August meeting
· Fix the top blue box in the appendex from UL to DL
Final LS in R1-1905842
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