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In RAN1 #94bis, the following agreements on IAB node timing alignment were achieved [1].
	Agreements:
· For Timing and Synchronization
· For case #1 & case #7, if DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization


In RAN #82, the IAB WI is approved and the objectives of WI include: 
	· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.
· Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 
· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints) 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 
· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 
· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 
· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 
· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.
· Specification of mechanism to support the “case-1” OTA timing alignment.


In this contribution, we discuss the mechanism to support the “case-1” OTA timing alignment. 
[bookmark: _Ref129681832]OTA synchronization
DL TX timing adjustment
TA/2 based OTA synchronization can achieve DL TX timing synchronization for Case #1. When the DL TX timing and UL RX timing are well aligned at the parent node, TA/2 is equal to the propagation delay and the IAB node can set its DL TX timing before the DL Rx timing by TA/2 to achieve synchronized DL TX timing.
As shown in Figure 1, in TDD systems, the exact alignment at the parent node means that the switching gap Tg of UL RX to DL TX is equal to TA_offset, where TA_offset is defined in the existing specification [2]. However, the actual value of the switching gap depends on the implementation of the parent node, and thus it is not necessarily equal to TA_offset. TA/2 can be used for the DL TX timing adjustment at IAB node only in case of exact alignment at parent node. Otherwise, an additional offset T0  should also be indicated to the IAB node, which reflects the misalignment between UL RX and DL TX timing at parent node and the TX timing adjustment at IAB node is equal to TA/2 +T0, where T0 = (TA_offset-Tg )/2.

Figure 1:  Aligned and misaligned DL TX and UL RX timing at parent node 
In conclusion, we have the following proposal:
Proposal 1: The IAB node should set its child link DL TX timing ahead of its parent link DL Rx timing by TA/2 + T0, where T0 reflects the misalignment between UL RX and DL TX timing at parent node and should be indicated to the IAB node by the parent node. T0 = (TA_offset-Tg)/2, where Tg is the actual switching gap from UL RX to DL TX at parent node.
According to the analysis in [2], the TA quantization error due to the limited bit number in the TA command is one of the key factors for the overall OTA synchronization error. This quantization error is equal to , where  is the min. granularity of TA command. When μ is large, i.e., the subcarrier spacing is small, the quantization error is non-negligible. If the additional offset T0 is introduced, the quantization error becomes min(, ), where  is the min. time granularity of T0. Therefore, a smaller time granularity of T0  than that of TA command is preferred. Therefore, we have the following proposal: 
Proposal 2: To enhance the performance of OTA synchronization, the granularity of the timing offset T0 should be smaller than that of TA command.
Generally, parent node will send an initial TA value to child node in MSG2, while this initial TA value is just a rough estimation due to the limited bandwidth of SSB and preamble, which will be further improved by the wideband TRS or SRS after initial access. The TA value will be updated and indicated to the child node via TA update signaling, so that the uplink signal arrival becomes well aligned with the parent node’s reception window. Actually, the child 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, which should be indicated by parent node.
From the child node perspective, it doesn’t know 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 T0 is also indicated by the parent node, a simple mechanism to trigger the DL TX timing adjustment is that:
· The parent node will send the timing offset T0 to the child node by dedicated signaling, after the child node’s uplink signal arrival is aligned with the parent node’s reception window.
· The child node will trigger its DL TX timing adjustment once it receives the timing offset T0 indication from the parent node, and set its DL TX timing ahead of its parent link DL Rx timing by TA/2+T0, where the TA value is calculated based on the latest TA update command from parent node.
Proposal 3: The additional timing offset T0 should be indicated to the IAB node by dedicated signaling.
Proposal 4: The IAB node should trigger its DL TX timing adjustment by TA/2 + T0  when it receives the timing offset T0 indication from its parent node and the TA value is calculated based on the latest TA update command from the parent node.
It should be noted, using the timing offset T0, Case #7 timing with symbol shift can be supported by parent node without any other additional specification impact. In other word, Case #7 is a special implementation of Case #1. If Case #7 is used by the parent node, it should set T0 to be (TA_offset-Tsym+ )/2 and send it to the IAB node, where Tsym is the symbol duration, and  is the timing gap between the DL TX timing and DL RX timing of the parent node.

Figure 2:  DL timing setting when parent node supports Case #7
Therefore, we have the following observation:
Observation 1: With the timing offset T0=(TA_offset-Tsym+ )/2, Case #7 can be viewed as a special implementation of Case #1.
DL TX timing maintenance
OTA based DL TX timing synchronization can be achieved by TA/2+T0 adjustment. However, the practical DL TX timing will vary due to the following reasons:
· IAB node local crystal oscillator drift
· Parent node changing due to route switching
For the first case, if IAB node finds that the timing gap between its parent link DL RX and child link DL TX is not equal to TA/2+T0 anymore, it has to re-adjust its DL TX timing according to the TA/2+T0 indicated by its serving node. The timing adjustment is mostly an implementation issue for an IAB node, 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 [3].
Proposal 5: 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 second case, after route switching, the IAB node has to follow the updated DL TX timing command from the new parent node. If the DL TX synchronization error of the two parent nodes is non-negligible, e.g., large than 3μs, it is necessary to do error average between the two parent nodes in order to minimize the impact of synchronization error. Specifically, assuming that the exact DL TX timing of IAB node is DT0, and the actual DL TX timing 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.
The DL TX timing by average 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.) variables. Therefore, we have the following observation:
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 not improve the performance of OTA synchronization, or even cause performance degradation. 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. Heuristically, if the DL timing of the old parent node is more accurate, we have , and if the DL timing of the new parent node is more accurate, we have . In other words, the weighted averaged timing is more close to the DL timing which is more accurate, and thus it can avoid the degradation of OTA timing accuracy. According to the above discussion, in case of route switching, IAB node should report the timing gapbetween 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 for a better DL TX timing adjustment accuracy between the old and the new parent node. And the new parent node will indicate the updated additional timing offset T0 to the IAB node by , where TA2 is the TA value estimated by the new parent node.

Figure 3:  TX and RX timing in case of route switching
Therefore, we have the following proposal: 
Proposal 6: In case of route switching, to enable synchronization error average among multiple parent nodes, the child 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.
If a new offset T0 is sent by the new parent node, the IAB node need to adjust the DL TX timing of child link. Similar to the aforementioned automatic DL TX timing re-adjustment, the adjustment of DL TX timing due to the updated of T0 should satisfy some requirement. Therefore, we have the following proposal:
Proposal 7: The IAB node should adjust its local DL TX timing in case of T0 being updated, and the requirements for the timing adjustment should be specified by RAN4.
Conclusions
In this contribution, we discuss the DL transmission timing alignment for IAB. Based on the discussion, we have the following observations and proposals:
Observation 1: With the timing offset T0=(TA_offset-Tsym+ )/2, Case #7 can be viewed as a special implementation of Case #1.
Observation 2: The DL TX synchronization error can be mitigated by averaging the DL TX timing of multiple parent nodes.
Proposal 1: The IAB node should set its child link DL TX timing ahead of its parent link DL Rx timing by TA/2 + T0, where T0 reflects the misalignment between UL RX and DL TX timing at parent node and should be indicated to the IAB node by the parent node. T0 = (TA_offset-Tg)/2, where Tg is the actual switching gap from UL RX to DL TX at parent node.
Proposal 2: To enhance the performance of OTA synchronization, the granularity of the timing offset T0 should be smaller than that of TA command.
Proposal 3: The additional timing offset T0 should be indicated to the IAB node by dedicated signaling.
Proposal 4: The IAB node should trigger its DL TX timing adjustment by TA/2 + T0  when it receives the timing offset T0 indication from its parent node and the TA value is calculated based on the latest TA update command from the parent node.
Proposal 5: 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 6: In case of route switching, to enable synchronization error average among multiple parent nodes, the child 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.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 7: The IAB node should adjust its local DL TX timing in case of T0 being updated, and the requirements for the timing adjustment should be specified by RAN4.
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