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[bookmark: _Ref524607970]Introduction
At RAN1#93, the following alternatives/cases regarding IAB-node transmission and reception timing were captured:
· Case #1: DL transmission timing alignment across IAB nodes and donor nodes
· Case #2: DL and UL transmission timing is aligned within an IAB node
· Case #3: DL and UL reception timing is aligned within an IAB node
· Case #4: within an IAB node, when transmitting using case 2 while when receiving using case 3
· Case #5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB node in different time slot

At RAN1#94, the list of cases was extended with the following two cases:
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 

It was also agreed that timing according to case #1 should at least be supported.


Discussion
Figure 1 illustrates the transmission and reception timing of different links according to Case #1 and case #7. The two cases are identical in terms of the timing of the IAB-node downlink transmission, i.e. the downlink transmission timing is assumed to be aligned between all IAB nodes. However, the two cases differ in terms of the assumed timing of the IAB-node uplink reception, something which then indirectly impacts also the uplink transmission timing of the corresponding child node (or UE). 
· Case #1: The IAB-node uplink reception timing is (approximately) aligned with the IAB-node downlink transmission timing implying that IAB-node uplink reception (from child nodes and UEs) and downlink reception (from parent) are not aligned[footnoteRef:1] [1:  One could argue that case #1 does not say anything specific about the uplink reception timing. However, from the discussion that took place when the first five cases were identified it is clear that the assumption was that, for case #1, the IAB-node uplink reception is (approximately) aligned with the IAB-node downlink transmission. This is also the typical way of operating a bi-directional TDD link. ] 

· Case #7: The IAB-node uplink reception timing is aligned with the IAB-node downlink reception timing
The IAB-node uplink reception timing should be fully under control by the IAB node itself and is not visible above the IAB node. Rather, the IAB node achieves a certain uplink reception timing by adjusting the uplink transmission timing of the corresponding child IAB node (or UE) by means of conventional (release-15) mechanisms. Thus, one can conclude that, from a specification point-of-view, there should be no difference between case #1 and case #7
Observation: From a specification point-of-view, there should be no difference between case #1 and case #7 timing

[image: ]
Figure 1 Timing according to Case #1 and Case #7
In contrast, case #6 achieves transmitter-side timing alignment at the IAB node by adjusting the uplink transmission timing to align it with the downlink transmission timing.[footnoteRef:2] This will obviously have an impact on the parent node as it impacts the parent-node reception timing outside of direct parent-node control. It also implies that the uplink reception timing at the parent node will depend on the propagation time between the parent node and the IAB node, in many cases preventing the timing alignment between different uplink transmissions when received by the parent node.  [2:  This is different from case #2 for which transmitter-side timing alignment is achieved by aligning the DL transmitter timing with the, by the parent node controlled uplink transmitter timing. Case #2 thus does not provide timing alignment between downlink transmissions from different IAB nodes.  ] 

Observation: Case #6 timing implies that the parent node is no longer in control of the IAB-node uplink transmitter timing and prevents timing alignment between different uplink transmissions received by the parent node.
Thus, we do not see case #6 as a reasonable alternative. 
[image: ]
Figure 2 Timing according to Case #6

For case #2 and case #3 timing it has been shown that the downlink timing of an IAB node deviates proportionally to the aggregated propagation delay up to this node. Assuming that the downlink transmission timing should be aligned between different nodes with a maximum specified deviation, this implies a strong limit of the geographical extend of an IAB chain 
Observation: Timing case #2 and #3, in combination with an assumption that the downlink transmission timing should be aligned between different nodes with a maximum specified deviation, strongly limit the geographical extend of an IAB chain.
[bookmark: _GoBack]Based on the above, taking into account that case #1 has already been agreed to be supported and the fact that, from a specification point-of-view, case #1 and case #7 are identical, we therefore propose that the downlink transmission timing of IAB nodes should follow the basic principle of case #1 and case #7, i.e. downlink transmissions of IAB nodes are mutually aligned, together with an understanding that uplink reception timing is an IAB-node implementation issue not covered by the specification. 
Proposal 1: IAB-node downlink transmissions are time-aligned between IAB nodes. IAB-node uplink reception timing is an IAB-node-internal decision not covered by the specification
To enable case #1, it has been suggested that the IAB node should set its downlink transmission timing so that it precedes the downlink reception timing by TA/2 where TA is the difference between the timing of the IAB node downlink reception and the timing of the IAB node uplink transmission, see left part of Figure 3. 
[image: ]
Figure 3 
This is based on an assumption that uplink reception and downlink transmission at the parent node are aligned, i.e. assumes a certain uplink reception-timing strategy, more specifically case #1 timing, at the parent node. In the more general case (case #7 being one example), this is not the case, see right part of Figure 3 as an example. Rather, in the general case the uplink reception timing has a certain offset T compared to the downlink transmission timing at the parent node, an offset that “propagates” down to the IAB node uplink transmission timing. This offset must be taken into account when the IAB node decides its downlink transmission timing.  
The offset T depends on the exact strategy for uplink reception timing.
· For case #1 timing at the parent node, the offset T = 0 
· For case #7 timing at the parent node, the offset equals the propagation time between the parent node and its respective child node
· In practical situations, the value of T can, and typically will, take other values, for example to take into account receiver/transmitter switching times at the parent node
The offset T thus needs to be provided explicitly to the IAB node in order for the IAB node to properly set its downlink transmission timing Note that, in the typical case, the same value would be applicable to all IAB nodes served by a certain parent node. In this case, the parameter T could be broadcast by the parent node. 
Proposal 2: The downlink transmission timing of an IAB node is derived from the downlink reception timing, the timing alignment of the MT part of the IAB node (TA) , and a parameter T provided by the parent node. 
Proposals
Proposal 1: IAB-node downlink transmissions are time-aligned between IAB nodes. IAB-node uplink reception timing is an IAB-node-internal decision not covered by the specification
[bookmark: _In-sequence_SDU_delivery]Proposal 2: The downlink transmission timing of an IAB node is derived from the downlink reception timing, the downlink-to-uplink timing offset of the MT part of the IAB node (TA), and a parameter T provided by the parent node. 
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