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1 Introduction

A new WID on “Integrated Access and Backhaul for NR” was approved in RAN#82 [1]. One of objectives for the work item is as follows:

	· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:

· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.

· Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 

· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints) 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 

· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 

· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 

· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.

· Specification of mechanism to support the “case-1” OTA timing alignment.


This contribution discusses necessary specifications in order to support “case-1” OTA timing alignment across IAB nodes.
2 Case 1 OTA Timing Alignment
From the previous RAN1 agreements, Case 1 timing alignment means that DL transmission timings for both access and backhaul link are aligned across IAB nodes and donor nodes:
	RAN1 #93 Agreements:

· IAB supports TA-based synchronization between IAB nodes, including across multiple backhaul hops

· Enhancements to existing mechanisms can be further studied

· The following cases should be further studied:

· Case 1: DL transmission timing alignment across IAB nodes and donor nodes

RAN1 #94 Agreements:

· At least Case #1 is supported for both access and backhaul link transmission timing. 


Figure 1 shows Case 1 timing alignment in a situation where Donor, IAB 1 and IAB 2 are deployed and UEs connects to IAB 1. As shown in Figure 1, all DL transmission timings are aligned across Donor and IAB nodes even for access and backhaul within an IAB node. In order for a child IAB node (IAB 1) to align its DL transmission timing with DL transmission timing from Donor, IAB 1 can utilize TA value signaled from the Donor to adjust UL transmission timing from IAB 1. By using the TA value, the IAB 1 can know propagation delay (T1) from a path between Donor and IAB 1 and then IAB 1 can set its DL transmission timing as –TA/2 at the starting timing of DL reception. In this regard, Rel-15 NR phase 1 TA mechanism can be reused for Case 1 OTA timing alignment.
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Figure 1: One example for Case 1 timing Alignment
On the other hand, further agreements for Case 1 OTA timing alignment were made:
	RAN1#94b Agreements:

· For Timing and Synchronization

· For case #1 & case #7, if DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization
RAN1 AH1901 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


In case that the mis-alignment between DL TX and UL RX in a parent node may happen, a TA value itself from the parent node does not reflect propagation delay (T1) from a path between the parent node and the child node well any more. Therefore, in addition to the TA value, it was agreed that T_delta is signaled from the parent node to the child node. Remaining aspects are the details of the T_delta. Regarding value range and granularity of T_delta, it should be determined taking into account some requirements for IAB-specific implementations such as TX/RX switching gap in a parent node, HW impairments (e.g. LCO drift, processing delay) and etc. which can be provided in [2]. Therefore, the relevant decision would be up to RAN4. 
Observation: The details of value range and granularity for T_delta is up to RAN4.
Regarding update of T_delta, our view is that an update of T_delta should not be frequent because it will impact the DL transmission timing of child IAB nodes and also DL receptions by grandchild IAB nodes as well as access UEs. In this regard, if it is justified, T_delta may be updated in aperiodic manner and then the T_delta should be kept until a new T_delta is indicated from the parent node. In such a case, a triggering mechanism needs to be studied for T_delta updating. A possible way is to follow similar procedures to modify system information for access UEs. If the range of T_delta is large and many bits are needed for updating T_delta, offset value of T_delta can be signaled in order to reduce signaling overhead.
Proposal: T_delta may be updated in aperiodic manner considering significant impacts from periodic updates.
3 Conclusions 

This contribution discusses necessary specifications in order to support “case-1” OTA timing alignment across IAB nodes:
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.
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