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[bookmark: OLE_LINK1]Introduction
RAN1#AH1901 has made the following agreements for IAB Timing [1]. 
· 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
RAN1#96 has further made the following agreements [2]. 
· 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. 
In this contribution, based on those agreements and the WI scope for derivation of DL timing at a given IAB node based on OTA synchronization to parent node when operating with Case #1 timing, we further elaborate on the timing and synchronization for NR IAB Case #1.
[bookmark: _Ref510628869]Uplink-Downlink Timing Relation with DL TX/UL RX Misalignment in an IAB Parent Node
We re-draw the case that UL RX and DL TX are not well aligned at a parent IAB in LS R1-1903810 [3].
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Figure 1: add one notation Tx to the Case 2 figure in LS R1-1903810 [3]
We add a notation of Tx in Figure 1 to describe the extra misalignment, i.e. when the switching gap Tg is not equal to the TA_offset and 
                                                                           Tx = Tg – TA_offset                                (1)
According to the definition of T_delta = (TA_offset-Tg)/2 in LS R1-1903810 [3], actually 
                                                                         T_delta = (TA_offset-Tg)/2
                                                                                      = -Tx/2.                                      (2)
Then, the TA (grey block as in the figure) duration is 
TA = 2*Tp + Tg – TA_offset                 
                                                                              = 2*Tp + Tx                                     
                                                                              = 2*Tp – 2*T_delta.                         (3)
The IAB node can set its DL TX timing ahead of its DL RX timing by TA/2 + T_delta, which can be easily derived to Tp. 
                                                                       TA/2 + T_delta = Tp.                              (4)
From the clarification of equation (1)-(4), firstly we can directly see that theoretically TA/2 + T_delta value can never result in a negative timing offset.  Secondly, the IAB node’s DL TX timing is actually always Tp ahead of its DL RX timing. We can consider indicating Tp from the parent node instead of indicating T_delta. 
If T_delta needs to be indicated from the parent node, 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. Those methods have the benefit that the T_delta information is transmitted together with the TA commands in current specifications, so that it is easy to define and locate. Note that those methods are UE-specific, either during the random access of a child IAB node, or MAC CE TA command to individual child IAB node in connected mode. 
In the case of the T_delta is common to all child nodes, i.e. the UL Rx timing at an IAB node is aligned for all its children, the T_delta information can be broadcast to the child IAB nodes/child UEs, through MIB/SIB1 or group common PDCCH. 
Observation 1: The IAB node’s DL TX timing is always Tp ahead of its DL RX timing. 
Proposal 1: The T_delta information can be signalled from an IAB node to its child nodes in the following manner:
· The T_delta information can be signalled with similar methods as the current TA signaling, i.e. carried over MAC RAR during initial access and MAC CE in connected mode.
· If the T_delta information is common for all the child IAB nodes, it can be broadcast to the child IAB nodes. 

Conclusion
In this contribution, we discussed timing and synchronization for NR IAB Case #1. It is summarized by the following observations and proposals. 
Observation 1: The IAB node’s DL TX timing is always Tp ahead of its DL RX timing. 
Proposal 1: The T_delta information can be signalled from an IAB node to its child nodes in the following manner:
· [bookmark: _GoBack]The T_delta information can be signalled with similar methods as the current TA signaling, i.e. carried over MAC RAR during initial access and MAC CE in connected mode.
· If the T_delta information is common for all the child IAB nodes, it can be broadcast to the child IAB nodes. 
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