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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.

Required timing alignment granularity
Company proposals:
	Huawei
	[bookmark: _Hlk535917087]Proposal 1: The IAB node should set its child link DL TX timing ahead of its parent link DL Rx timing by TA/2 + T0, where T0 reflects the misalignment between UL RX and DL TX timing at parent node and should be indicated to the IAB node by the parent node. T0 = (TA_offset-Tg)/2, where Tg is the actual switching gap from UL RX to DL TX at parent node.
Proposal 2: To enhance the performance of OTA synchronization, the granularity of the timing offset T0 should be smaller than that of TA command.
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 7: The IAB node should adjust its local DL TX timing in case of T0 being updated, and the requirements for the timing adjustment should be specified by RAN4.

	AT&T
	Proposal 1: To support Case 1 timing alignment (DL transmission timing alignment across IAB-nodes and IAB-donors), explicit signalling is provided from the parent to an IAB-node DU to apply a relative timing offset equal to TA/2 between the DL subframe received by the IAB node MT function on the backhaul link and DL subframe transmitted on the access link by the IAB DU function.

	Intel
	Proposal 1: If there is a  time misalignment for DL TX and UL RX at an IAB node, the new TA value at its child node should be 

where. The uplink-downlink timing relation with DL TX/UL RX misalignment follows Figure 3. 

	LGE
	Proposal 1: The IAB node DU DL (Tx) timing is ‘MT DL (Rx) timing – (1/2∙NTA+α)Ts’, where α is configured by parent node.
Proposal 2: Discuss how to update IAB node DU DL (Tx) timing among ‘DU DL (Tx) timing + 1/2∙ΔNTA∙Ts’ and ‘DU DL (Tx) timing + Δt∙Ts’.


	Nokia
	Proposal 2: The step size and how fast the DL TX timing of the IAB node can be changed, applicable both in single/multi-connectivity and after BH link change, is up to RAN4 to discuss and agree.

	Ericsson
	Proposal 3	Information provisioning about T should allow for granularity of T not higher than for the timing advance update.


	ZTE
	Proposal 1: For the time-varying TA, RAN1 should study the mechanism for the IAB node to obtain the “effective TA”. 
Proposal 2: RAN1 decides whether the new case-1 timing mechanism should be impacted by the scenario where one IAB node observes more than one parent node either simultaneously or consecutively. 

	Qualcomm
	Proposal 1: A mechanism needs to be defined to communicate the value of Δ from the parent node to the IAB-node. The resolution of Δ needs to be selected to meet the synchronization accuracy requirements when OTA synchronization to the parent is the sole synchronization method used by the IAB node.

	NTT DOCOMO
	Proposal 1: The parent IAB-node/donor semi-statistically configures the timing offset between DL TX and UL RX at the parent node to the child IAB-node.
· The child IAB-node derives its DL TX timing based on the configured timing offset, TA value used for BH UL transmission and DL RX timing.

	Samsung
	Proposal: It should be further discussed if the TA value can absorb an effect from the mis-alignment taking into account current Rel-15 TA mechanism for the accuracy of OTA based timing & synchronization.



Offline discussion: How to set DL Tx timing at a child IAB node? Factors to consider:
· Propagation delay (e.g TA/2)
· Misalignment between parent DL Tx and UL Rx timing
· HW impairments (e.g. LCO drift, processing delay)
· Tx/RX switching gap at parent node
· How to set the DL Tx timing of a child node that has more than one parent nodes


Figure 1: T_delta


Offline agreement:
An IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta, where T_delta includes at least the offset between parent DL Tx and UL Rx (if any due to factors such as Tx to Rx switching time, HW impairments etc.)
· FFS: 
· 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: the above FFS points should also be studied in RAN4

Signaling mechanism
Company proposals:
	Huawei
	Proposal 3: The additional timing offset T0 should be indicated to the IAB node by dedicated signaling.
Proposal 4: The IAB node should trigger its DL TX timing adjustment by TA/2 + T0  when it receives the timing offset T0 indication from its parent node and the TA value is calculated based on the latest TA update command from the parent node.
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: To support Case 1 timing alignment (DL transmission timing alignment across IAB-nodes and IAB-donors), explicit signalling is provided from the parent to an IAB-node DU to apply a relative timing offset equal to TA/2 between the DL subframe received by the IAB node MT function on the backhaul link and DL subframe transmitted on the access link by the IAB DU function.

	Intel
	Proposal 2: Two TA signaling solutions can be considered for an IAB node with misaligned DL TX and UL RX timing. 
· Solution 1: Indicate  for child IAB nodes and child UEs in current NR Rel-15 TA command; indicate  for child IAB nodes with new signalling. 
· Solution 2: Indicate  for child IAB nodes and child UEs in current NR Rel-15 TA command; indicate  for child IAB nodes with new signalling.   
Proposal 3: To avoid negative TA in signaling Solution 2, two methods can be considered. 
· Method 1: Apply additional UL TX timing adjustment to compensate the negative TA, which makes the RX timing at an IAB node symbol-level aligned instead of slot-level aligned. 
· The uplink frame number for transmission from a child node shall start 

before the start of the corresponding received downlink frame  at the child node. 
· The uplink-downlink timing relation is updated in Figure 6.
· Method 2: With current NR Rel-15 TA commands, use TA command in MAC RAR during initial access with a positive  value, then use TA command in MAC CE in connected node to further adjust to    


	Nokia
	Proposal 1: For IAB synchronization, Rel.15 TA control signalling can be used for OTA based synchronization.

	Ericsson
	Proposal 1	An IAB parent node provides information about the timing difference between its DL transmission and its set UL reception timing to all its IAB child nodes.
Proposal 2	Information about T is not broadcasted, but provided by parent IAB nodes to all child IAB nodes as dedicated and/or IAB-specific signaling.


	Qualcomm
	Proposal 1: A mechanism needs to be defined to communicate the value of Δ from the parent node to the IAB-node. The resolution of Δ needs to be selected to meet the synchronization accuracy requirements when OTA synchronization to the parent is the sole synchronization method used by the IAB node.


	NTT DOCOMO
	Proposal 1: The parent IAB-node/donor semi-statistically configures the timing offset between DL TX and UL RX at the parent node to the child IAB-node.
· The child IAB-node derives its DL TX timing based on the configured timing offset, TA value used for BH UL transmission and DL RX timing.




Offline discussion: signalling mechanism for IAB node DL Tx timing adjustment. Factors to consider:
· Semi-static vs. dynamic indication
· Use of existing TA mechanism vs. additional signalling
· Broadcast vs. dedicated signalling
· Impact of route switching/multiple connectivity

Offline agreement: 
The TA is derived from existing Rel 15 mechanisms ( such as RAR, MAC CE)

Offline proposal: Explicit signalling for parents T_delta is provided to an IAB node to set its DL Tx timing
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