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1 Introduction

In previous meetings, some agreements regarding on IAB node DL Tx timing alignment were made as below. 
	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

Agreements:

· 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 – R1-1903693 (Xinghua, Huawei), approved with final LS in R1-1903810
Agreements:

In order to align the DL TX timing of the IAB node with the DL TX timing of the parent node by setting DL TX timing of the IAB node (TA/2 + T_delta) ahead of its DL Rx timing, T_delta should be set to the (-1/2) of time interval at the parent node between the start of UL RX frame i for the IAB node and the start of DL TX frame i. 

· The setting of T_delta is not necessarily specified. 

· Note: The above setting of T_delta assumes that, for the same purpose, TA should be the time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i.

· Send LS to RAN4 for timing clarification. (Xinghua, Huawei)  R1-1905841, which is approved with the following updates:

· IAB_cCore

· Fix meeting location for the August meeting

· Fix the top blue box in the appendex from UL to DL

Final LS in R1-1905842
Agreements:

· In case the calculated TA/2 + T_delta at IAB node is negative, the IAB node should not adjust its DL-Tx timing. 

Agreements:

In Rel-16, an IAB node is not expected to receive T_delta when the IAB node MT is not in RRC_Connected mode. 


In this contribution, we discuss remaining issues on timing alignment mechanism for IAB nodes.
2 Downlink Tx timing alignment
Based on above agreements, an IAB node determines its DL Tx timing to be ahead of its DL Rx timing by TA/2 + T_delta where TA is the timing gap between UL Tx timing and DL Rx timing.  Figure 1 depicts an illustration of DL Tx timing alignment. There are two remaining issues on this OTA timing alignment for case 1. One is consistency between TA and TA_delta, and the other is how to indicate T_delta to child node. 
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Figure 1. Illustration of DL Tx timing alignment
Signaling for T_delta
In NR, TA is carried by MAC-CE and it may be straightforward extension to use MAC-CE for carrying T_delta. According to the agreement, T_delta value is intended to account for factors such as offset between parent DL Tx and UL Rx including DL/UL switching time, HW impairment, etc. Thus, T_delta may not be updated as frequently as TA value. So, RRC signaling is more preferable to deliver T_delta. 
Proposal 1: Use RRC signaling to carry T_delta. 

Consistency between TA and T_delta
In Rel-16 IAB scenario, DL Tx timing is obtained by DL Rx timing – (TA/2+T_delta). Also, by the definition of TA, TA can include T_delta. In other words, in order to align DL Tx timing at child node, parent node would calculate TA and T_delta together. Also, it was agreed that TA and T_delta can be indicated independently from parent node. Thus, it may be ambiguous at child node that whether or not to adjust its DL Tx timing in case of update of TA or T_delta. Normally, TA is signaled to child node in order to control its UL Tx timing. So, if the child node adjust its DL Tx timing based on every TA updates, the child node may be suffer from DL timing error. This issue may be more problematic in case of IAB node changes or link failure. Thus, in order to minimize timing error, child node should adjust its DL Tx timing only when T_delta is updated. Here, on the DL Tx timing calculation, child node should employ the most recent TA value before T_delta update.  
Proposal 2: DL Tx timing at child node is updated only when the T_delta is updated, and child node should employ most recently received TA value before T_delta update for DL Tx timing adjustment. 
Mismatch TA between parent and child node
In Rel-15 TA mechanism, the actual TA applied at child node is calculated by accumulating all the successfully received TA values. Thus, there may be some timing error due to the mismatch of TA value between parent and child nodes. As a simple solution for this issue, absolute TA value intended for DL Tx timing adjustment can be signaled to child node together with T_delta. 

3 Conclusion 

In this contribution, we discussed remaining issues on DL Tx timing alignment. Based on the discussion, we have following proposals:

Proposal 1: Use RRC signaling to carry T_delta. 
Proposal 2: DL Tx timing at child node is updated only when the T_delta is updated, and child node should employ most recently received TA value before T_delta update for DL Tx timing adjustment. 
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