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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.
- - - - - - - - - - - - - - - - - -

Finally, at RAN1#4b, the following was agreed:
· 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
· Case #7 to be supported if and only if compatible with release 15 Ues
· Further check w.r.t. compatibility
· Support of case #6 is FFS
· No other cases are supported



Discussion
Figure 1 to Figure 3 illustrates the three remaining timing alternatives Case #1, Case #7 and Case #6, where the assumption is that, for Case #1 timing, the uplink reception timing is approximately aligned with the downlink transmission timing within a node, with a small positive timing offset for the uplink reception timing corresponding to the uplink-to-downlink switching time. Note that, for all timing cases, it is assumed that the downlink transmission timing is aligned between different IAB nodes. 
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[bookmark: _Ref528791993]Figure 1 IAB-node timing – Case #1
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[bookmark: _GoBack]Figure 2 IAB-node timing – Case #7
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[bookmark: _Ref528791999]Figure 3 IAB-node timing – Case #6
Support for Case #7 
As illustrated in Figure 2, Case #7 timing may, and typically will, imply a negative MT time alignment (difference between downlink received timing and uplink transmit timing) at the node below the node applying Case #7 timing (compare timing of LCA,DL@CN/UE with timing of LCA,UL@CN/UE in Figure 2). Negative time alignment has been identified as not being supported in NR release 15 and it has therefore been suggested that Case #7 timing may not be compatible with legacy (Release 15) UEs. 
First it should be noted that the statement that negative time alignment is not supported for Release 15 UEs refers to the initial time alignment established as part of the random-access procedure. After initial time alignment, the uplink transmission timing of a UE can be updated by means of relative (incremental/decremental) timing-adjustment commands provided by the network. These timing-adjustment commands can indicate both positive and negative steps, making it possible to step-wise adjust the time alignment towards a target negative value. 
Second, although Figure 2 illustrates the typical interpretation of Case #7 timing, the key property of Case #7 timing is a symbol-level alignment between downlink and uplink reception within an IAB node, enabling orthogonal receiver-side FDM. Instead of using a negative time alignment according to Figure 2, this can also be achieved by means of shifting the uplink transmission timing an integer number of symbols to the left leading to a positive time alignment.  
Thus, there are several ways of ensuring that Case #7 timing is compatible with release 15 UEs
· Applying Case #7 timing only for IAB nodes (or only for IAB nodes and post-release-15 UEs). This would then not allow for orthogonal FDM between uplink child-node transmissions and uplink UE transmissions. Note though that it has been suggested that uplink UE transmissions and uplink IAB-node transmissions may anyway need to be separated in time as, from an interference point-of-view, uplink IAB-node transmissions are more similar to downlink transmissions.  
· Initially start with a positive time alignment and step-wise adjust time time-alignment towards a target negative value.
· Shifting the uplink transmission timing an integer number of symbol times
· 
Conclusion: Case #7 can be supported with retained compatibility for legacy devices
[bookmark: _Hlk528935689]Proposal 1: 	Remove the “if and only if compatible with release 15 Ues” for the RAN1 #94b “Case-#7-to-be-supported” agreement.
The remaining question is then if negative time alignment should be introduced for IAB. We propose this to be the case:
[bookmark: _Hlk528944363]Proposal 2: 	Introduce the support for negative time alignment for IAB 
Support for case #6
Case #6 timing implies transmitter-side time alignment within an IAB node, for example alignment between LCA,DL@IN and LP,UL@IN in Figure 3. The aim of Case #6 timing is to enable orthogonal transmitter-side FDM between backhaul and child links within an IAB node. However, this is done at the expense of negatively impacting the possibility for time alignment, and thus orthogonal FDM, between different uplink transmissions received by the corresponding parent node. Although this may make sense in certain situations, it clearly reduces the usability of Case #6 timing. It also implies that that the use of Case #6 timing must always be left as a decision for the parent node of the node applying Case #6 timing, and it cannot be assumed that such a parent node would support Case #6 timing in one of its child nodes. 
Proposal 3:  	Case #6 timing in an IAB node, if supported, should be under control of the parent node.
	It should not be required that a parent node has to support operation according to Case #6 	timing within a child node.

It is also not clear how to achieve over-the-air synchronization and, especially, alignment between downlink transmission of different IAB nodes, with case #6 timing. In case of Case #1 and #7 timing, such alignment is assumed to be based on the IAB node knowledge of the difference in timing between the IAB node downlink reception (LP,DL@IN) and uplink transmission (LP,UL@IN). However, this is based on an assumption that the uplink transmission timing is adjusted by the parent node in such a way that a fixed uplink reception timing is established at the parent node. In case of Case #6 timing, the uplink transmission timing is instead locked to the downlink transmission timing at the IAB node implying that the this approach is not directly applicable to Case #6 timing. Before Case #6 can be agreed to be supported, this needs to be resolved.
Proposal 4: 	How to achieve downlink time alignment between IAB nodes in case of Case #6 timing needs 	to be resolved before a decision to support Case #6 timing will be made

Proposals
Proposal 1: 	Remove the “if and only if compatible with release 15 Ues” for the RAN1 #94b “Case-#7-to-be-supported” agreement.
Proposal 2: 	Introduce the support for negative time alignment for IAB 
Proposal 3:  	Case #6 timing in an IAB node, if supported, should be under control of the parent node.
	It should not be required that a parent node supports the use of Case #6 timing within a child	 node.
Proposal 4: 	How to achieve downlink time alignment between IAB nodes in case of Case #6 timing needs 	to be resolved before a decision to support Case #6 timing will be made
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