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RAN1#AH1901-RAN1#97 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. 
· In Rel-16, an IAB node is not expected to receive T_delta when the IAB node MT is not in RRC_Connected mode. 
RAN1#98 has further made the following agreements. 
· According to RAN1 #96bis agreement, whether T_delta is a “target value” or an “actual value” is up to parent node implementation.
· For the TA and T_delta in (TA/2+T_delta), to down-select:
· Opt-A: T_delta is given by the latest T_delta signaling, and TA is the current time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i, which is updated with the received TA command per Rel-15.
· Opt-B: T_delta is given by the target T_delta signaling, and TA is an average of timing advance intervals (e.g., TA1, TA2, TA3…) updated by a series TA commands.
· Once down-selected, further discuss how to reflect it in RAN1 specs. 
In this contribution, we further elaborate on the timing and synchronization for NR IAB Case #1.
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Basic Equations/Relations Review
We re-draw the figure regarding the alignment of DL TX and UL RX timing at a parent IAB in LS R1-1905842 [1].
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Figure 1: add one notation  to the figure in LS R1-1905842 [1]
We add a notation of  in Figure 1 to describe the extra/floating offset at the parent node, i.e. when the UL-RX and DL-TX switching gap  is not equal to the fixed offset  and 
                                                                                             (1)
Then we can express the following parameters in Eqs. (2)-(4).  
· TA: which is   as in LS R1-1905842 [1] 
· : which is related to the UL-RX and DL-TX switching gap 
· DL-TX timing setting: which is for an IAB node to set its DL-TX timing ahead of its DL-RX timing 
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                                                                                                          (4)
The TA can be also expressed as Eq. (5) according to Eq. (4).
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Note that DL-TX timing setting  is just the propagation delay between a parent IAB node and its child node. Theoretically, the  change will not trigger the DL-TX timing setting  to change. In detail, the  change at a parent IAB node will either change the parent DL-TX timing or parent UL-RX timing. On one hand, the parent UL-RX timing change has no effect on its child IAB node’s DL-TX timing. On the other hand, the parent DL-TX timing change will have effect on its child IAB node’s DL-RX timing. However, the relative DL-TX timing setting, which is the difference between parent DL-TX and child DL-RX timing still remain unchanged. Only TA change (which may be caused by) will trigger the DL-TX timing setting  to change. 
Observation 1: The  change will not trigger the DL-TX timing setting  to change. 


Issues with Different Granularity for TA and Tdelta
Issue 1: Time-varying Tdelta
can be calculated with Eq. (3) at an IAB parent node according to  (which is the gap of its UL-RX and DL-TX timing), and then signaled to its child nodes. The TA, which is related to  and  according to Eq. (5), is also signaled from an IAB parent node to its child nodes. If  and TA have the same transmission granularities,  should be treated as “constant target” or considered as a “target value”. 
However, RAN4 has provide finer granularity for  than the TA granularity, which may trigger the  re-calculation procedure at parent IAB node due to coarser TA transmission granularity as shown in Figure 2. Since the coarser TA received at an IAB child node will bring change to parent UL-RX timing which triggers  re-calculation,  should be treated as “actual and time-varying” or considered as an “actual value”. 


Figure 2: Tdelta re-calculation at parent IAB node due to coarser TA transmission granularity
Issue 2: Inconsistent TA and Tdelta for DL TX timing calculation
This granularity difference also brings similar effects as the inconsistent TA and  issue, which means the child IAB node receives TA is related to a coarser , denoted as .
                                                                                                           (6)
On the other hand, the child IAB node also receives a finer granularity  denoted as. Then, the child node will calculate the DL TX timing with TA and  as
                                                 
                                                                                                                   (7)
We can see that with different granularities of 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 finer transmission and coarser  in TA transmission. 
RAN1#98 has some discussion on the TA and  in  and provide Opt-A and Opt-B solutions to be down-selected. 
· For the TA and T_delta in (TA/2+T_delta), to down-select:
· Scheme1/Opt-A: T_delta is given by the latest T_delta signaling, and TA is the current time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i, which is updated with the received TA command per Rel-15.
· Scheme2/Opt-B: T_delta is given by the target T_delta signaling, and TA is an average of timing advance intervals (e.g., TA1, TA2, TA3…) updated by a series TA commands.
However, the most fundamental reason for above discussed issues is that  has finer granularity than TA. Hence, increasing TA granularity to be the same as  is a better solution if possible. With the same TA/ granularity,  can be treated as “constant target” (parent IAB will not need to re-calculate  frequently) and the DL-TX timing calculation in  won’t have coarse/fine  inconsistence. 
If increasing TA granularity cannot be fulfilled and considering the above two schemes, in scheme 1, there is inconsistence issue if  is not updated to reflect TA’s latest updates. To resolve this issue,  can be signalled as frequently as TA. In addition, as  has a finer granularity than TA, and considering parent DU can constantly estimate TA changes based on on-going child MT’s UL transmission, signalling of  can be even more frequent than TA to help child IAB node fine tune its DL timing. Having said so, signalling of TA and  are to provide information for IAB nodes to adjust DL timing. When to adjust DL timing can be left to IAB implementation. 
In scheme 2, there will be DL timing estimation error dominated by the gap between the target  and the actual. Also, time averaging of TA in scheme 2 may help increase the TA granularity, however it could cause error propagation. Since scheme 1 gives a more accurate way for DL timing calculation as long as we keep the  and TA consistency, scheme 1 with MAC-CE   signaling is preferred. 
Proposal 1: If possible, increasing TA granularity to be the same as. 
Proposal 2: If TA granularity cannot be changed, Scheme 1/Opt-A with MAC-CE  signaling is preferred. 
Proposal 3: When to adjust the DL TX timing at an IAB node can be left to implementation. 
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  change will not trigger the DL-TX timing setting  to change. 
Proposal 1: If possible, increasing TA granularity to be the same as. 
Proposal 2: If TA granularity cannot be changed, Scheme 1/Opt-A with MAC-CE  signaling is preferred. 
Proposal 3: When to adjust the DL TX timing at an IAB node can be left to implementation. 
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