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Introduction and discussion
At RAN1 #93, the following cases regarding the timing of IAB transmissions were captured for further study: 
· 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 slots
The following is our view/understanding of these cases: 
First, we do not see any reason for differentiating the timing of access-links transmissions and backhaul transmissions, that is, for case 5 above.
[bookmark: _GoBack]In practice, case 1 can achieved by having the downlink transmission timing of an IAB node being shifted TA/2 relative to the timing of the downlink reception (from the serving cell), where TA is the current time alignment of the IAB node uplink transmission relative to the downlink reception (controlled by the serving cell). This ensures approximate alignment between downlink transmissions of the IAB node and its parent cell, assuming that downlink transmission and uplink reception is time aligned at the serving cell. Note that the latter, although a typical way of operating the system, is not something that is required by any specifications. 
Case 2 and 3 (and in practice also case 1, see above), inherently assumes that the timing of IAB node downlink transmissions is (approximately) aligned with the timing of the IAB node uplink reception. Thus, case 3 can also be described as downlink transmissions from an IAB node beingh (approximately) time aligned with downlink reception (from the parent) at the IAB node.
Case 4 is identical to case 2/3 with the assumption of time-aligned downlink transmission / uplink reception being relaxed. 
Case 1-4 can thus be roughly illustrated according to Figure 1 below.
[image: ]
Figure 1
The main arguments for case 2 are 
· It allows for orthogonal frequency multiplexing of downlink and uplink IAB-node transmissions. It has been argued that, at least for mmw operation, such frequency multiplexing is anyway not possible due to the use of analog beam-forming. Although probably true as of today, digital beam-forming also for mmw may definitely be an option for the future.
· It provides a more aligned interference from a given IAB node as all transmissions from the IAB node (on the downlink to child nodes and UEs as well as on the uplink to the serving cell) are aligned.
· It may allow for somewhat lower transmitter-side complexity of the IAB node.
In contrast, case 3 allows for orthogonal frequency multiplexing of downlink and uplink IAB-node receptions.
The main argument for case 1 is that current specifications require that downlink transmissions from different cells with overlapping coverage should be frame aligned [2].[footnoteRef:1] If this requirement should be carried forward into the specification for IAB nodes, alternative 1 would, in practice, be the only possible alternative unless one is prepared to accept severe (unacceptable?) restrictions on IAB-node maximum cell size and number of IAB hops.   [1:   Note that this is a specified requirement only for unpaired spectrum] 

The requirement on inter-cell transmission time alignment originates from the basic assumption on DL/UL alignment between cells and the corresponding avoidance of DL-to-UL and UL-to-DL interference. The following should be noted though:
· In general, this is a somewhat strange requirement as, typically, requirements (except those related to regulatory requirements) are not expressed as requirements on base-station transmissions but rather as what a UE can assume regarding signals received from base stations. Time alignment between transmissions from different cells will obviously not necessarily imply the same time alignment between the corresponding receptions at the UE due to different propagation delays. 
· For IAB, the issue of DL-to-UL and UL-to-DL interference is anyway much more complex. It is, e.g. not clear if an IAB node uplink transmission should be seen as an uplink transmission or a downlink transmission from an interference point-of-view, see e.g. [1]. As indicated above, one could even argue that, from an interference point-of-view, alternative 2 may make more sense as it aligns all transmissions from the IAB node.
In our view, the key issue that would decide in favour of alternative 1 is therefore if a deviation from the requirement on inter-cell synchronization for IAB nodes goes against the basic IAB requirement on backwards compatibility, i.e. if a deviation from the from the requirement on inter-cell synchronization for IAB nodes would negatively impact the ability of legacy UEs to access the system via an IAB node. If the answer is yes, we believe that alternative/case 1 is the only choice. If not, our view is that alternative 2 is preferred.  
Proposal
Proposal:
Conclude on if a deviation from the requirement on inter-cell synchronization for IAB nodes goes against the basic IAB requirement on backwards compatibility
· Yes: Agree on case 1, i.e. downlink transmissions of the IAB node is (approximately) time aligned with the downlink transmissions of the serving cell. This is achieved by shifting the downlink transmission of the IAB node TA/2 relative to the downlink reception from the serving cell.
· No: Agree on case 2, i.e. downlink transmission of the IAB node is time aligned with the uplink transmission of the IAB node

References
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