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Introduction
In RAN#82, the following objectives of IAB work item were agreed [1]:
· Specification of mechanism to support the “Case-1” OTA timing alignment.

In RAN1-AH-1901, it has been agreed on
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

In this contribution, will discuss required granularity, update periodicity and impact of HW (e.g. LCO drift) on the DL transmission timing and timing alignment strategy in the multi-parent case.
OTA Downlink Transmit Timing
Impact of LO Drift on DL Tx Timing Setting
According to [2] the initial setting and updates for the timing advance is signaled to a UE in multiples of nTc, where n depends on the subcarrier and Tc defined in [3]. [4] specifies a requirement on the OTA modulated carrier frequency error of not more than 0.1ppm for any base station class. That means that no oscillator in a base station and therefore IAB node should deviate more than 0.1ppm from its nominal frequency (otherwise this oscillator should be synced to the carrier frequency).
In order to see the effect of having different oscillator clocks in parent and child on the reporting accuracy of T_delta, we assume the T_delta signaling from parent to IAB node follows the same rules as for the timing advance.  Further, the nominal oscillator clock in an IAB node is assumed Tc and parent and IAB node having oscillator errors of  in opposite directions. One can assume that /Tc  0.1ppm.
In the ideal case, without oscillator deviation, a node would identify a given T_delta as N multiple of nTc, whereas N is defined by T_delta= NnTc, neglecting rounding errors that would rather fall in a discussion about T_delta signaling granularity.
The non-ideal parent node would see the T_delta as NP multiples of n(Tc+), according to T_delta=NPn(Tc+) and signal this NP; the non-ideal IAB node would use a T_delta for its DL TX timing derivation of NPn(Tc-) = T_deltan(Tc-)/(n(Tc+))  T_delta(1-2/Tc)  T_delta(1-20.1ppm). Thus, the relative error in T_delta from wrong reporting and interpretation due to having different oscillator clock in parent and IAB node is smaller than a fraction of a thousandth, i.e. few ps or ns, if T_delta is in the range of s. The effects of having slightly different oscillators in parent and IAB node on DL Tx timing is much smaller than the effects due to the finite granularity of the TA command [5].
Observation 1: The effects of having slightly different oscillators in parent and IAB node on DL Tx timing is much smaller than the effects due to the finite granularity of the TA command.
As has been shown the error magnitude in T_delta reporting and interpretation is limited to a very small, negligible amount. Once the DL Tx timing is determined and set, a non-ideal oscillator might lead to a timing drift between parent and IAB node. However, a drift in the same direction drift would also occur in the IAB node’s UL Tx timing and be visible to the parent node. A correction would be implemented by a TA command from the parent that would also (at least partially) correct the drift in T_delta. In addition, by re-syncing the DL Tx timing to the IAB node’s DL Rx timing (DL Tx timing ahead of its DL Rx timing by TA/2 + T_delta), any accumulated timing misalignment would be reset to its initial value after the first determination.
Observation 2: Accumulated DL Tx timing misalignment due to oscillator drift in the IAB node is automatically compensated for by TA command and can be eliminated by re-syncing the DL Tx timing to the IAB node’s DL Rx timing.
T_delta Update Cycles
T_delta, intended to account for factors such the offset between parent node’s DL Tx and UL Rx timing, is a sole parent property or setting and as such should be fully under parent control. Parent IAB-node T_delta setting and updating is a parent internal decision and should not be covered by the specification. However, the parent should not delay signaling any changes to child IAB nodes.
Proposal 1: Parent IAB-node T_delta setting and updating is a parent internal decision and should not be covered by the specification.
Note, that for proper operation, the parent should not delay signaling any T_delta changes to child IAB nodes.
T_delta Granularity
In [5], a of maximum per-hop time deviation has been calculated. Based on that, a maximum number of hops has been derived that can be supported by OTA synchronization under worst case assumptions. Assumptions of sources of error for the timing derivation based on timing advance information included detection errors for the DL Rx and UL Rx timing at the parent and IAB node, quantization errors of TA commands, timing error limits and ﻿UE timing advance adjustment accuracy. A T_delta and its possible impact on the DL Tx timing derivation was not included.
It is assumed that DL Tx timing can be determined as (symbolically)
DL Tx = DL Rx – (TA/2 + T_delta)					(1)
T_delta has very similar properties with respect to the DL Tx timing derivation as TA. It is therefore obvious to first investigate a T_delta impact, assuming it would have similar granularity as TA.
Table 1 compares the number of supported hops under the assumption of an ideal T_delta signalling (as in [5]) and assuming T_delta granularity is half of that for TA; i.e. the maximum error contribution due to finite T_delta granularity is determined as ½ of the T_delta granularity, which is assumed to be half the TA command granularity (38.213: 1664Tc/2^μ for subcarrier spacing of 2^μ15 kHz).
Table 1: Maximum time deviation per hop, and maximum number of allowable hops
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As can be seen, with T_delta granularity being half of that of the TA command, there is no significant degradation in the number of supported hops. Only in two cases of assumed SCS (both cases when SSB SCS is 240kHz) the hop count is reduced by one.
Observation 3: With T_delta granularity being half of that of the TA command, there is no significant degradation in the number of supported hops.
Considering cascade effect along an IAB chain due to changes of nodes close to or being the donor node and the unknows of their dynamics, one should further consider smaller T_delta granularity or granularity being somehow configurable.
Timing alignment when the IAB node has multiple parents
In [6], it has been emphasized that the multi-parent case is of relevance for topology adaptation, which is a requirement for IAB and is inherent in DAG (Directed Acyclic Graph) [7]. And it was observed that if an IAB-node has more than one parent IAB-node, it has several sets of information available that can it use to set its single DL transmission timing so that it is in alignment to all its parents’ DL transmission timing.
At the same time, all sets of information that can be used for timing setting have likely different kind of imperfection having impact on the accuracy of determining the child node’s DL transmission timing reference. Without going into details, it is easy to understand that different links between the child node and its parents can contribute to different extend in determining a timing reference. In addition, determining the child node’s DL transmission timing according to the information from and about only one certain parent/link combination, seems only beneficial for this parent, not necessarily for all parents or the network. It is reasonable to assume that the best DL transmission timing to be used by the child node should be ideally derived based on all available information.
Proposal 2: The DL transmission timing of an IAB node having multiple parents should be based on the DL reception timing and timing-advanced settings of all the involved parent links.

Conclusion
In section 2 we made the following observations:
Observation 1	The effects of having slightly different oscillators in parent and IAB node on DL Tx timing is much smaller than the effects due to the finite granularity of the TA command.
Observation 2	Accumulated DL Tx timing misalignment due to oscillator drift in the IAB node is automatically compensated for by TA command and can be eliminated by re-syncing the DL Tx timing to the IAB node’s DL Rx timing.
Observation 3	With T_delta granularity being half of that of the TA command, there is no significant degradation in the number of supported hops.

[bookmark: _GoBack]Based on the discussion in section 2 we propose the following:
Proposal 1	Parent IAB-node T_delta setting and updating is a parent internal decision and should not be covered by the specification.
Proposal 2	The DL transmission timing of an IAB node having multiple parents should be based on the DL reception timing and timing-advanced settings of all the involved parent links.
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