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Introduction
This contribution provides a summary of section 7.2.3.5 on potential enhancements to IAB node timing alignment and provides proposals synthesized from the views expressed in contributions listed in the Appendix.
IAB node timing alignment
Observations and proposals in this section are primarily related to the following objectives from the IAB WID:
1. Specification of mechanism to support the “case-1” OTA timing alignment.

Company proposals:
	Huawei
	Proposal 1: Specify the value range and granularity of T_delta according to table 1.
Table 1. Value range and granularity of T_delta
	Frequency range
	Range
	granularity
	Notes

	FR2
	[-5.5μs,  2μs]
	32 Tc
	8 bits after quantization

	FR1 (TA_offset~=13μs)
	[-29.5μs, 1.5μs]
	128 Tc
	8 bits after quantization

	FR1 (TA_offset~=20μs)
	[-26μs, 5μs]
	128 Tc
	8 bits after quantization


Proposal 2: The additional timing offset T_delta should be indicated to the IAB node by dedicated signaling.
Proposal 3: The IAB node should trigger its DL TX timing adjustment by TA/2 + T_delta when it receives the timing offset T_delta indication from its parent node.
Proposal 4: After setting the initial DL TX timing, the DL TX timing for IAB node DU should be adjusted by reconfiguring T_delta, but not the TA update. Besides, the requirements for the timing adjustment should be specified by RAN4.
Proposal 5: The IAB node should re-adjust its local DL TX timing in case of local crystal oscillator drift, and the requirements for the timing adjustment should be specified by RAN4. 
Proposal 6: In case of route switching, to enable synchronization error average among multiple parent nodes, the child IAB node should send the gap between the DL TX timing from the old parent node and DL RX timing from the new parent node.


	AT&T
	Proposal 1: Explicit signalling is provided from the parent to an IAB-node DU indicating the value of T_delta with a value range between 0 and min(TA value range). 
Proposal 2: T_delta is provided independently of TA on an aperiodic basis.

	Intel
	Proposal 1: Clarify the definition of TA as follows
· TA is the timing gap between UL Tx timing and DL Rx timing assuming time-aligned DL Tx timing and UL Rx timing at a parent node, which is derived based on existing Rel-15 mechanism
Proposal 2: The  information can be signalled from an IAB node to its child nodes/child UEs in the following manner:
· If the  information is different for each child node/child UE, it can apply similar methods as the current TA signalling, i.e. carried over MAC RAR during initial access and MAC CE in connected mode.
· If the  information is common for all the child IAB nodes/child UEs, it can be broadcast to the child IAB nodes/child UEs, through system information. 
Proposal 3: When an IAB node has multiple parent nodes, for IAB MT’s UL transmission timing, the MT will apply the respective TA signaled from each of the parent nodes; for IAB DU’s DL transmission timing, the DU can decide the DL timing by averaging over the DL timings obtained from each of the parent nodes.

	LGE
	Proposal 1: DU DL (Tx) timing is updated to ‘MT DL (Rx) timing – (TDU_DL,init + ΣΔTDU_DL)’ where TDU_DL,init is TA/2 + Tdelta and ΔTDU_DL is configured by parent node.

	Nokia
	Proposal 1: The definition of signaling of T_delta shall take the value range, granularity and update cycle jointly to reach a suitable compromise between signaling overhead and accuracy.
Proposal 2: Parameter T_delta should be signaled when measured time deviation exceeds a given threshold.
Proposal 3: Used TA (NTA) value as well as signalled T_delta can be considered jointly when deriving the IAB DL TX timing adjustment. RAN4 to be involved to define the requirements for the timing adjustment.
Proposal 4: The IAB node behaviour for the synchronization do not need to be specified separately for multi-connectivity scenario.
Proposal 5: Enhanced MAC-CE can be used to signal T_delta.
Proposal 6: Specify a new MAC-CE separate from TA to signal T_delta to the child IAB node.


	Ericsson
	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.


	ZTE
	Proposal 1: From RAN1 perspective, there is no need for the parent node to periodically update the values of Tdelta for the child nodes. It is not excluded that RAN4 may require the parent node update the Tdelta at least once per one period of time for each child node. 
Proposal 2: Upon successful reception of the Tdelta notification, the IAB node chooses one of following two behaviors: 
· Discard Tdelta without updating the DL Tx timing; or
· Update DL Tx timing using notified Tdelta within a pre-determined time window that is known to the parent node.    
Proposal 3: Two separate granularities are defined for Tdelta in FR1 and Tdelta in FR2. 
Proposal 4: The range of Rel-15 TA command in MAC CE can be used as a reference to decide the range of Tdelta.

	Qualcomm
	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 .

Proposal 2: T_delta is computed as T_delta = (GRx2Tx – NTA,offset) / 2, where GRx2Tx is the UL Rx to DL Tx switch time used at an IAB node.


	NTT DOCOMO
	Proposal 1: In order to generate accurate T_delta value to be indicated to child node, information regarding target absolute DL Tx timing can be provided to the IAB-node.
Proposal 2: For the IAB-node having multiple parent nodes, each parent node can indicate its hop order from a node having accurate synchronization source.

	Samsung
	Observation: The details of value range and granularity for T_delta is up to RAN4.
Proposal: T_delta may be updated in aperiodic manner considering significant impacts from periodic updates.



Background
NR Adhoc #4:
Agreements:
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

Offline 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

Offline conclusion: 
· Further consider the signaling mechanism for T_delta (e.g. MAC-CE or higher layer signaling)

Offline conclusion: 
· Further consider whether there is a need for specification impact to address Case 1 timing alignment when an IAB node has multiple parents, assuming both parents already have had their DL transmission timing aligned (e.g. via OTA case 1 or GNSS)
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