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Introduction
This contribution addresses the need for a mechanism that allows case-1 OTA timing alignment in case of out-of-band operation.
Discussion
Case-1 OTA Timing Alignment
RAN1 has specified an OTA method for case-1 timing alignment based on timing advance information on the parent backhaul uplink and additional information about parent node internal uplink/downlink timing arrangements [1].
The method allows to align timing for overlapping cells, such as spanned on parent and child backhaul links as presented in Figure 1.
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Figure 1: Parent backhaul links LP, child backhaul links LC and access links LA

RAN1 differentiates between scenarios operating in-band and out-of-band with respect to the access link. In-band backhauling includes scenarios where access- and backhaul links at least partially overlap in frequency creating half-duplexing or interference constraints [2]. Out-of-band scenarios are understood as not operating on overlapping spectrum.
IAB is not limited to operation on a single carrier (meaning transmission in common spectrum) spanning all cells, i.e. parent node access, parent node backhaul, IAB node access and IAB node backhaul cells, but out-of-band IAB scenarios should also be supported using the same set of RAN features designed for in-band scenarios.
3GPP has certain minimum requirements for transmission timing alignment errors (TAE) for some base station types [3]:
· For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.

· For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.


· For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3μs.

· For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3μs.

TDD based operation has been considered for IAB. Especially operation in FR2 is attractive due to its spectrum abundance compared to FR1. However, use of high frequency spectrum might be good for performing backhaul, but has low performance when it comes to, e.g., indoor penetration. Operation on access links using spectrum in FR1 can help here, whether it is complementing higher frequency transmission on access links or substituting them. Figure 1 illustrates the potentially used carrier combination with 3.5GHz used on access links and 28GHz carrier used on backhaul links.
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Figure 1: IAB out-of-band operation with 3.5GHz and 28GHz

This leaves the question how to align transmission timings between parent node and IAB node on access links that share no timing alignment with the across IAB nodes timing aligned backhaul link transmission.

[bookmark: _Toc40467749]Presently, timing alignment is not defined for parent a node and an IAB node on access links that share no timing alignment with backhaul link transmissions.

[bookmark: _Toc40463759][bookmark: _Toc40465754][bookmark: _Toc40465817][bookmark: _Toc40467750]RAN1 to agree on support for transmission timing alignment between a parent node and an IAB node on access links that share no timing alignment with backhaul link transmissions.

The timing alignment method as specified in [1] relies on estimating the propagation delay (based on timing advance and T_delta) and together with the inherently known, by the IAB node, estimate of the backhaul link reception timing as reference, estimate the parent node’s backhaul transmission timing. A similar principle could be re-used in that the parent node provides the timing offset between its transmit timing on access and backhaul link to the IAB node. Together with the, by the IAB node, determined backhaul transmission timing, the IAB node can set its access link transmission timing to that of the parent node.

[bookmark: _Toc40463760][bookmark: _Toc40465755][bookmark: _Toc40465818][bookmark: _Toc40467751]If the transmission timing on an access link of a parent node is misaligned by an offset relative to the timing on the backhaul link, the parent node provides information to the IAB node, so the IAB node can derive this offset. Details about signalling and what kind of information is signalled is FFS.

Conclusion
In the previous sections we made the following observations:
Observation 1	Presently, timing alignment is not defined for parent a node and an IAB node on access links that share no timing alignment with backhaul link transmissions.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to agree on support for transmission timing alignment between a parent node and an IAB node on access links that share no timing alignment with backhaul link transmissions.
Proposal 2	If the transmission timing on an access link of a parent node is misaligned by an offset relative to the timing on the backhaul link, the parent node provides information to the IAB node, so the IAB node can derive this offset. Details about signalling and what kind of information is signalled is FFS.
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