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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #96, the following agreements on IAB DL Tx timing alignment were achieved [1].
	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


In this contribution, we discuss the details of the DL TX timing adjustment and maintenance in IAB.
[bookmark: _Ref129681832]OTA synchronization
DL TX timing adjustment
According to the previous agreements, an IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta, where T_delta is indicated by a parent node on an aperiodic basis.
Generally, the parent node will send an initial TA value to IAB node in MSG2, while this initial TA value is just a rough estimation due to the limited bandwidth of SSB and preamble. The initial TA will be further improved by the wideband TRS or SRS after initial access. The updated TA will be indicated to the IAB node via TA update command, so that the uplink signal is well aligned with the parent node DU’s reception window. The IAB node’s DL TX timing adjustment should be triggered only in case that the uplink signal arrival is well aligned with the parent node’s reception window.
From the IAB node perspective, it has no idea when the TA update value from the parent node can be used for its DL TX timing adjustment until it receives an indication from its parent node. Considering that T_delta is also indicated by the parent node, a simple mechanism to trigger the DL TX timing adjustment is that:
· The parent node sends the timing offset T_delta to the IAB node by dedicated signaling, after the IAB node’s uplink signal arrival is aligned with the parent node’s reception window.
· The IAB node triggers its DL TX timing adjustment TA/2+ T_delta once it receives the timing offset T_delta indication from the parent node.
After the IAB node set its DL TX timing, the offset between the MT reception and DU transmission, referred to as effective timing offset hereafter, is TA/2 + T_delta. To achieve synchronized DL transmission, the parent node should estimate the propagation delay, and set its effective timing offset equal to the estimated propagation delay. Therefore, in this situation, the effective timing offset is always positive.
It can be observed from Figure 1 that the value of effective timing offset may have an impact on the number of available symbols at the MT. To be more specific, if the effective timing offset is smaller than the DU TX-to-MT RX switching gap of IAB node (Case #1 in Figure 1), the first symbol, i.e. symbol #0, may not be unavailable. And if the effective timing offset is larger than the TX-to-RX switching gap of IAB node (Case #2 in Figure 1), the first symbol, i.e. symbol #0, is available.
It should be noted that the switching gap is relatively small in FR2 (e.g. about 3μs), and thus both cases can occur. To be specific, by assuming ideal synchronization between IAB node and parent node, if the distance between the two nodes is smaller than 900 meters, Case #1 is applicable; otherwise, Case #2 is applicable.


Figure 1:  Resource multiplexing cases with different effective timing offset
[bookmark: _GoBack]Both the IAB node and parent node should be aware of the effective timing offset to avoid resource collision between IAB node MT and DU. Obviously, the IAB node can always get the effective timing offset. And if the DL TX timing of IAB node DU is set by parent node, the parent node can also figure out the effective timing offset. However, if the DL TX timing of IAB node is not set by the parent node, e.g. by GNSS, the parent node cannot figure out the effective timing offset. 
To be more specific, if the DL TX timing of IAB node is not set by the parent node, parent node can only assume that the DL TX of the two nodes are synchronized and the effective timing offset is equal to the estimated propagation delay. However, there will be some misalignment due to the DL TX timing error between the two nodes. Therefore, the parent node and IAB node may have different understanding on the number of available symbols for the backhaul link. For example, in Figure 2, the actual effective timing offset is smaller than the DU TX-to-MT RX switching gap of IAB node, and thus the first symbol is unavailable. However, because of the timing error, the parent node assumes that the effective timing offset is larger than the TX-to-RX switching gap of IAB node, and thus the first symbol is available. Therefore, a symbol may be scheduled by the parent node, but it will collide with the DU hard symbol. 
The error of the assumed effective timing offset is equal to the DL TX timing error between the parent node and IAB node, which has a maximum value of 3μs according to the current requirement which may change in the context of IAB. It should be noted, the symbol duration is about 8.9μs for 120 KHz SCS. Therefore, the collision may degrade the performance of backhaul link due to the loss of 1 symbol. To avoid such collision, the IAB node can report the effective timing offset to its parent node.


Figure 2: Difference between the actual timing offset and assumed timing offset
Therefore, we have the following observation:
Observation 1: When the DL TX timing of IAB node is not set by the parent node, the parent node should be aware of the effective timing offset of the IAB node to avoid possible resource collisions.
It was agreed that TA and T_delta are indicated by different signaling, and both of them can be updated after the initial DL TX timing setting. If T_delta is updated, the DL TX timing should be adjusted accordingly. However, it is not clear whether the DL TX timing should be adjusted with the updating of TA.
After the IAB node DU sets its DL timing, the TA of MT may be changed due to the following reasons. 
· Case 1: The parent DU refines the estimation accuracy of propagation delay
· Case 2: The parent node adjusts its switching gap between the UL RX and DL TX
· Case 3: The parent BH link fails, and the TA of MT is reset to 0
· Case 4: The IAB node handovers, and the TA of MT is reset to 0
Once the TA value is updated, IAB node should determine whether its DL timing should change accordingly or not. If the IAB node changes the DL timing based on the new TA, severe DL timing error may happen for Cases 2, 3, and 4. Therefore, after the initial DL TX timing setting, the adjustments of DL TX timing for DU and UL TX timing for MT should be decoupled to simplify the procedure of DL TX timing maintenance. To be more specific, if TA of MT is changed after the initial DL TX timing setting, the UL TX timing for MT should follow the TA updating procedure as an ordinary UE, but the DL TX timing of DU should remain unchanged. Therefore, we have the following proposal:
Proposal 1: After the initial DL TX timing setting, the DL TX timing for IAB node DU should not be adjusted by the subsequent TA updating of MT.
For initial DL TX timing setting, the IAB node should apply T_delta once the DL TX of DU is activated. However, for DL TX timing updating, there should exist a delay between receiving T_delta and application of T_delta. In detail, the updating of DL TX timing will results in changing of DL RX timing at child nodes and UEs. If the adjustment is smooth enough, the child nodes and UEs can track the timing changing by reference signals. However, if the adjustment is too fast, the child nodes and UEs can’t track the timing changing, and performance of child links will degrade.
Accordingly, the maximum step of timing adjustment should be specified to avoid performance degradation of child links during DL TX timing updating. Meanwhile, the minimum step of timing adjustment should also be specified, which can reduce the delay of timing updating.
Proposal 2: For DL TX timing updating, the maximum and minimum steps of timing adjustment should be specified by RAN4.
DL TX timing maintenance
OTA based DL TX timing synchronization can be achieved by TA/2+ T_delta adjustment. However, the practical DL TX timing may vary due to the following reasons:
· IAB node local crystal oscillator drift
· The DL TX timing of parent DU is updated
· Parent node changing due to route switching
In fact, the IAB node cannot differentiate the first two cases: the only phenomena IAB node can observe is that its practical timing gap between its parent link DL RX and the child link DL TX is not equal to the configured TA/2 +T_delta. If this happens, the IAB node has to re-adjust its DL TX timing according to the TA/2+ T_delta indicated by its parent node. The timing adjustment is an implementation issue, however, some requirement (e.g., the max. step of timing adjustment) should be specified in RAN4, just like that for the autonomous TA adjustment of the UE, which is captured in 38.133 [2].
Proposal 3: The IAB node should re-adjust its local DL TX timing in case of local crystal oscillator drift, and the requirements for the timing adjustment should be specified by RAN4.
For the third case, if the DL TX synchronization error of the two parent nodes is non-negligible, it is beneficial to do error averaging between the two parent nodes in order to minimize the impact of synchronization error. Specifically, assuming that the exact DL TX timing for all the nodes is DT0, and the actual DL TX timing of IAB node from the old parent node and the new parent is DT1 and DT2, respectively.
DT1=DT0+E1
DT2=DT0+E2
where E1 and E2 are timing errors for the old parent node and the new parent node, respectively, and the situation can be shown by Figure 3.


Figure 3:  TX and RX timing in case of route switching
The averaged DL TX timing is calculated as:
DT3=(DT1+DT2)/2=DT0+ (E1+E2)/2
Therefore, the timing error variation of DT3 is reduced to half if E1 and E2 are independent and identically distributed (i.i.d.). 
Observation 2: The DL TX synchronization error can be mitigated by averaging the DL TX timing of multiple parent nodes.
However, in practice, E1 and E2 are not the i.i.d. variables, e.g., the hop order of the two parent nodes are different, or one of the parent nodes has GPS. In this situation, simply averaging may cause performance degradation instead of  improving the performance of OTA synchronization. Therefore, the weighted averaging is preferred which could determine the contribution of different parent node according to their synchronization accuracy.  To be more specific, the averaged DL timing adjustment of the IAB node is

where is the timing gap between the DL TX timing from the old parent node and the DL RX timing from the new parent node which can be measured only by the IAB node itself, as illustrated in Figure 3.  is the propagation delay between the new parent node to the IAB node measured at the new parent node, and and  are their weight respectively. The IAB donor which has the global information of all the IAB nodes can determine the weights, and calculates  according to the weights by , where TA2 is the TA value estimated by the new parent node. According to the above discussion, in case of route switching, IAB node should report the timing gap between the DL TX timing from the old parent node and the DL RX timing from the new parent node, so that the synchronization error could be averaged between the old and the new parent nodes. And the new parent node will indicate the updated additional timing offset  to the IAB node.
As is discussed in section 2.1, the parent node should be aware of the effective timing offset to avoid resource collision between IAB node MT and DU. In case of route switching, the effective timing offset is equal to the timing gap between the DL TX timing from the source parent node and DL RX timing from the new parent node. Therefore, even it is not for error average, the IAB node should send the gap to the new parent node.
Therefore, we have the following proposal: 
Proposal 4: In case of route switching, to enable synchronization error average among multiple parent nodes, the IAB node should send the gap between the DL TX timing from the old parent node and DL RX timing from the new parent node.
The signaling procedure for DL TX timing setting can be summarized as follows:
· After the initial access of IAB node MT, the parent node estimates the propagation delay, and calculate 
· If the DL TX timing of IAB node has been set by an old parent node, the IAB node can report , i.e. the timing gap between the DL TX timing from the old parent node and DL RX timing from the new parent node,  to the new parent node
· Parent node sends  and  to the donor node
· The donor node updates , and send it back to the parent node
· Parent node sends the updated  to the IAB node
To support the above procedure, it is preferred that  is configured by RRC signaling. 
Proposal 5: T_delta is configured by RRC signaling, and the following procedure should be supported:
· After the initial access of IAB node MT, the parent node estimates the propagation delay, and calculate 
· If the DL TX timing of IAB node has been set by an old parent node, the IAB node can report , i.e. the timing gap between the DL TX timing from the old parent node and DL RX timing from the new parent node,  to the new parent node
· Parent node sends  and  to the donor node
· The donor node updates , and send it back to the parent node
· Parent node sends the updated  to the IAB node
Conclusions
In this contribution, we discuss the DL transmission timing alignment for IAB. Based on the discussion, we have the following observations and proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: When the DL TX timing of IAB node is not set by the parent node, the parent node should be aware of the effective timing offset of the IAB node to avoid possible resource collisions.
Observation 2: The DL TX synchronization error can be mitigated by averaging the DL TX timing of multiple parent nodes.
Proposal 1: After the initial DL TX timing setting, the DL TX timing for IAB node DU should not be adjusted by the subsequent TA updating of MT.
Proposal 2: For DL TX timing updating, the maximum and minimum steps of timing adjustment should be specified by RAN4.
Proposal 3: The IAB node should re-adjust its local DL TX timing in case of local crystal oscillator drift, and the requirements for the timing adjustment should be specified by RAN4.
Proposal 4: In case of route switching, to enable synchronization error average among multiple parent nodes, the IAB node should send the gap between the DL TX timing from the old parent node and DL RX timing from the new parent node.
Proposal 5: T_delta is configured by RRC signaling, and the following procedure should be supported:
· After the initial access of IAB node MT, the parent node estimates the propagation delay, and calculate 
· If the DL TX timing of IAB node has been set by an old parent node, the IAB node can report , i.e. the timing gap between the DL TX timing from the old parent node and DL RX timing from the new parent node,  to the new parent node
· Parent node sends  and  to the donor node
· The donor node updates , and send it back to the parent node
· Parent node sends the updated  to the IAB node
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