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[bookmark: OLE_LINK1]Introduction
RAN1#AH1901-RAN1#96bis have made the following agreements for IAB Timing. 
· 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
· 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
· 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) final LS in R1-1905842. 
· In case the calculated TA/2 + T_delta at IAB node is negative, the IAB node should not adjust its DL-Tx timing. 
RAN1#97 has further made the following 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, 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]Discussion on inconsistent TA and T_delta
We re-use the  notation in our previous contribution [1] to denote the extra/floating offset at the parent node, as shown in Figure 1. 
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Figure 1: add one notation  to the figure in LS R1-1905842 [2]
Then the TA and can be expressed as [1]
                                                                         (1)
                                                                          (2)
Since both TA and have the component, they will change their values whenever there is update. However, if the parent node does not signal the new TA value or the new value in a timely manner, or there exists delay between receivingand application ofat an IAB node, there can be the scenario that the TA value and thevalue at an IAB node are inconsistent with each other, which means they are corresponding to different values (old and new at the parent node). 
For example, at an IAB node, the TA corresponds to a value and thecorresponds to a different value. Then with and   we have the corresponding DL TX timing at the IAB node as

                                                                                                                      (3)
We can see that with inconsistent TA and, the DL TX timing at an IAB node will shift offset from the exact DL TX timing, where is the difference between the values in TA and. 
If filtering/averaging is applied during a timing window for multiple received TA and values, there can be two options: either filtering with the calculated DL TX timing ( value as a whole as one of the inputs, which requires each TA and element used to calculate one DL TX timing input to be consistent; or filtering separately for TA and, which requires the filter window to have group of consistent TA/ values. Hence, when filtering/averaging is applied, the inconsistent TA andissue still needs to be addressed. 
There can be several alternative solutions to avoid the DL TX timing offset due to the inconsistent TA and. Firstly, TA andcan be considered to be signaled together, for example, within the same MAC CE as the TA signaling (new fields extended to accommodate), or with different MAC CEs but within the same MAC PDU. Secondly, we can confine the TA andtransmission within a limited timing window. Thirdly, we can also add a non--update indication together with the TA signaling to easily decide whether update should be addressed or not. 
Then, whenever a TA update is received, before the IAB node re-calculates/updates its DL TX timing, it needs to make sure there is further update on or not with the alternative solutions discussed above. Whenever aupdate received, there must be an update in TA, and the IAB node needs to make sure to re-calculate/updates it DL TX timing with both updated and updated TA. 
If thevalue is very small and the effect of DL TX timing offset may be negligible, then the inconsistent issue can also be left to implementation. 
Observation 1: With inconsistent TA and, the DL TX timing at an IAB node will shift offset from the exact DL TX timing, where is the difference between the values in TA and. 
Proposal 1: The inconsistent TA andissue (which means they are corresponding to different values) needs to be addressed. 
Proposal 2: There can be several alternative solutions for the inconsistent TA andissue:
· Alt 1: TA andare signaled together.
· Alt 2: confine the TA andtransmission within a limited timing window. 
· Alt 3: add a non--update indication together with the TA signaling. 
· Alt 4: Left to implementation. 
Signalling of T_delta
Currently there are two alternatives regarding signaling solutions to indicateto an IAB node: 
· Alt 1: MAC CE
· Alt 2: RRC signaling
Regarding RRC signaling solution, firstly it has been agreed in RAN1#AH1901-RAN1#96 that needs to be indicated from the parent node and most of RRC messages are initially generated by the CU. Secondly, the RRC signaling benefits of supporting the CU to collectively determine thefor an IAB node with multiple parent IAB nodes can be fulfilled at the IAB node side with multiplevalues from different parent nodes, and the CU only indicates the weight factor for each parent IAB node. Thirdly, it will be difficult to guarantee consistent TA and for TA update with MAC CE andupdate with RRC signaling. 
On the other hand, regarding MAC CE solution, it has the benefit that the information is transmitted together or within a confined window with the TA commands in current specifications, so that it is easy to define and locate, and straightforward to solve the inconsistency TA and issue. Hence, MAC CE solution to indicateto an IAB node is preferred. 
Proposal 3: Theinformation can be signalled with MAC CE in RRC_Connected mode. 
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: With inconsistent TA and, the DL TX timing at an IAB node will shift offset from the exact DL TX timing, where is the difference between the values in TA and. 
Proposal 1: The inconsistent TA andissue (which means they are corresponding to different values) needs to be addressed. 
Proposal 2: There can be several alternative solutions for the inconsistent TA andissue:
· Alt 1: TA andare signaled together.
· Alt 2: confine the TA andtransmission within a limited timing window. 
· Alt 3: add a non--update indication together with the TA signaling. 
· Alt 4: Left to implementation. 
Proposal 3: Theinformation can be signalled with MAC CE in RRC_Connected mode. 
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