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Introduction
This contribution provides a description of the envisioned synchronization framework for IAB based on the agreements and contributions to date [1] and it addresses the main remaining open issues:
1) Support for multiple synchronization sources beyond OTA synchronization to parent node(s).
2) Support for OTA synchronization in presence of multiple parent nodes.
[bookmark: _Ref16886352]OTA synchronization for single parent node case 
Based on the studies and agreements to date RAN1 has concluded that OTA synchronization to a parent node is a viable approach for a given IAB node to achieve synchronization according to the agreed “case 1 timing” whereby the DL frame boundaries are aligned at each IAB node. The OTA synchronization method relies on the Rel-15 existing mechanisms of 1) DL receive timing estimation at the MT and 2) timing advance (TA) control by the DU of the parent node, and the addition of 3) a new parameter T_delta used primarily to resolve a potential timing ambiguity due to a degree of freedom in the allowed relative skew between DL Tx frame boundaries and UL Rx frame boundaries at the DU, which is implementation specific.
With this definition, as illustrated in Figure 1 for the TDD case, the downlink transmit timing TxD at an IAB node DU can be computed as:


It should be noted that T_delta needs to be updated in alignment with any associated changes in TA, 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 estimate. Failure to do so, i.e. using inconsistent values of NTA and the T_delta, would result in a temporary incorrect calculation of the DL Tx timing.
Proposal 1:
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.


[bookmark: _Ref16886083]Figure 1 – OTA timing synchronization for TDD
In general, when new time and frequency estimates become available at an IAB node, it is up to the node implementation to determine when to update its actual timing and frequency based on the newly available estimates, as the node is responsible to meet synchronization requirements and it can decide when to update timing and frequency based on all available information, potentially including multiple synchronization sources. As a result, it is not necessary to specify a strict procedure for updating the DL Tx timing upon reception of updated TA and T_delta values.
Observation 1:
It is up to the IAB node implementation to determine when to update its actual timing and frequency based on newly available values of TA and T_delta, as the node is responsible to meet synchronization requirements and it can decide when to update timing and frequency based on all available information, potentially including multiple synchronization sources.
[bookmark: _Ref16886387]IAB node synchronization with multiple sources
Considering that IAB is designed to allow flexible deployment of nodes in a plug-and-play fashion without relying on traditional network planning, it is conceivable that there should be the ability to design an IAB node with a robust synchronization solution. Such a solution would typically support the capability to use multiple synchronization sources, e.g. OTA synchronization and GNSS based synchronization. Whether or not other synchronization sources in addition to OTA synchronization are available at a given IAB node is an implementation decision. In this context the important point from an IAB design perspective is to ensure that the use of additional synchronization sources is not precluded.
Observation 2:
Whether or not other synchronization sources in addition to OTA synchronization are available at a given IAB node is an implementation decision. In this context the important point from an IAB design perspective is to ensure that the use of additional synchronization sources is not precluded.
When multiple synchronization sources are available, a timing estimate and a frequency estimate can be generated independently from each source. Typically, it is up to the implementation on whether to select the timing and frequency estimates from a given source or to perform some weighted average of the estimates based on the perceived quality of each source. Note that source selection is a special case of the weighted average of all sources. As a result, the timing estimate  and frequency estimate  at a given IAB node can be written in a general form as:
 ,
 ,
[bookmark: _Hlk16071831]where:
·  is the timing estimate derived from source ,
·  is the timing estimate derived from source ,
·  is a weighting factor for the timing estimate derived from source ,
·  is a weighting factor for the frequency estimate derived from source j.
In general, it is up to the implementation to determine the appropriate weighting factors based on information available about the quality of the source and/or other considerations. For instance, in the case of a GNSS receiver, information is available about the received SNR, number of available satellites, etc., from which one can derive a measure of reliability of the resulting timing and frequency estimates.

Proposal 2:
An IAB node with multiple synchronization sources computes its timing and frequency estimates as a weighted average of the estimates provided by each source:
 ,
 ,
where:
·  is the timing estimate derived from source ,
·  is the frequency estimate derived from source ,
·  is a weighting factor for the timing estimate derived from source ,
·  is a weighting factor for the frequency estimate derived from source j.

The weighting factors are up to the implementation.

In the case of OTA synchronization to a parent node the quality of the achievable synchronization at a given IAB node depends on the quality of the link the parent node as well as on the quality of the synchronization at the parent node. For instance, even in presence of an ideal communication link between the two nodes, the synchronization quality at the child node can only be as good as the synchronization quality at the parent node if OTA synchronization is the only source available to the child node. If the child node has access to a separate synchronization source (and its associated quality), then it can derive an improved estimate if the parent node can provide information about the quality of its synchronization. Hence it is proposed that a given node provides a measure of the quality of its synchronization to its child IAB nodes. The synchronization quality can be viewed as a measure of the confidence on the synchronization timing and frequency estimates.
Observation 3:
In the case of OTA synchronization to a parent node the quality of the achievable synchronization at a given IAB node depends on the quality of the link the parent node as well as on the quality of the synchronization at the parent node.
Proposal 3:
An IAB node provides to its child nodes an indication of quality  of its synchronization.
FFS the range, values, and update / communication frequency of .
A given node would typically compute the weighting factor to apply to the OTA derived timing and frequency estimates from a parent node via an implementation specific monotonically increasing function of , given that a higher quality should correspond to a higher weight. This aspect is envisioned to be implementation specific.
A given node would typically compute the quality   to communicate to its child nodes based on the quality of its synchronization sources, the corresponding weight factors used, and a measure of the added uncertainty deriving from estimation and processing error at the node. That is consistent with the analysis showing that synchronization quality will progressively decrease (i.e. the synchronization error will progressively increase) from hop to hop when relying solely on OTA synchronization to the parent [2]. This aspect is envisioned to be implementation specific.
[bookmark: _Ref16886404]IAB OTA synchronization with multiple parent nodes
In a configuration where a node has multiple parent nodes, the mechanism to obtain OTA synchronization from a single parent node can be applied independently to the OTA link to each parent. As a result, the child node can derive synchronization estimates  and   from parent .
Treating the multiple parent nodes as separate synchronization sources, one can apply the generalized approach described in section ‘IAB node synchronization with multiple sources’ so that the node can then obtain overall synchronization estimates by applying a weighted average of the individual synchronization estimates obtained from the OTA link with each parent node.
Proposal 4:
An IAB node with multiple parents treats each parent as a separate OTA synchronization source.
Conclusion
This contribution provided a description of the envisioned synchronization framework for IAB based on the agreements and contributions to date and it addressed the main remaining open issues.
The following observations were made:
Observation 1:
It is up to the IAB node implementation to determine when to update its actual timing and frequency based on newly available values of TA and T_delta, as the node is responsible to meet synchronization requirements and it can decide when to update timing and frequency based on all available information, potentially including multiple synchronization sources.
Observation 2:
Whether or not other synchronization sources in addition to OTA synchronization are available at a given IAB node is an implementation decision. In this context the important point from an IAB design perspective is to ensure that the use of additional synchronization sources is not precluded.

The following proposals were made:
Proposal 1:
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 2:
An IAB node with multiple synchronization sources computes its timing and frequency estimates as a weighted average of the estimates provided by each source:
 ,
 ,
where:
·  is the timing estimate derived from source ,
·  is the frequency estimate derived from source ,
·  is a weighting factor for the timing estimate derived from source ,
·  is a weighting factor for the frequency estimate derived from source j.

The weighting factors are up to the implementation.
Proposal 3:
An IAB node provides to its child nodes an indication of quality  of its synchronization.
FFS the range, values, and update / communication frequency of .
Proposal 4:
An IAB node with multiple parents treats each parent as a separate OTA synchronization source.
[bookmark: _GoBack]
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