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Introduction
Aiming to increase the frequency utilization efficiency of IAB, IAB enhancements in Rel-17 will support the following duplex enhancements according to the WID [1],
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.
The related discussion started in RAN1#103-e. The following agreements have been made [2],
· [bookmark: _Hlk49269411]Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 2 (simultaneous MT-Rx/DU-Rx)
· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)
· RAN1 should strive to minimize specification impact due to this feature
· FFS: Whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 4 (simultaneous MT-Tx/DU-Rx)
In this contribution, we further discuss the details on timing alignment for simultaneous operation.
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Case #7 timing mode
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Figure 1: Case #7 timing mode for simultaneous RX of parent and child links

As shown in Figure 1, case #7 timing mode is defined as follows,
· The DL TX timing for all IAB-nodes is aligned with parent or donor DL TX timing
· The UL RX timing of an IAB-node can be aligned with the IAB node's DL RX timing
 
Here the timing alignment can be at symbol level or slot level. When slot-level timing alignment is achieved, more symbols can be used for simultaneous operation and thus the frequency utilization efficiency can be improved. 
The existing TA command can be used to align the RX timing of child UL with that of parent DL at symbol-level.  But it is not enough for slot-level alignment because a 6-bit TA command which can be used for both positive and negative advance has a limited range compared with the range of positive timing advance that can be achieved after receiving the RAR. Basically, the 6-bit TA command is used for timing adjustment within the duration of CP length. In the other hand, the timing adjustment during initial access is based on an 11-bit TA command in RAR and TA_offset. The 11-bit TA command in RAR indicates only positive timing advance and the default values for TA_offset are 13us for FR1 TDD band and 7us for FR2 TDD band. 
Observation 1: Symbol-level alignment for case#7 timing in which UL RX timing is ahead of DL RX timing by a few symbols can be achieved by using the legacy TA mechanism. 
A straightforward way to achieve slot-level timing alignment is to signal a symbol level timing shift to be applied in addition to aligning symbol timing by using the existing TA mechanism. The symbol level timing shift could be jointly signaled with the existing TA in the MAC CE. It could also be indicated by RRC signaling, or a new field in an UL grant. As a result, the final timing shift to be supported can be considered as an “effective” negative TA.  The IAB node can schedule the child node and UEs those supporting the symbol level timing shift based on the new slot timing. It is noted that the IAB node is still required and able to schedule the child nodes and UEs of previous releases based on the slot timing without the timing shift.
Observation 2: Slot-level alignment for case #7 can be achieved by introducing a symbol level timing shift in addition to the symbol-level alignment. The IAB node can schedule the child node and/or UEs which are capable or not capable of level timing shift in the same slot.
Proposal 1: Support slot-level alignment of case #7 timing for simultaneous operation of MT RX/DU RX in Rel-17.

Case #6 timing mode
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Figure 2: Case #6 timing mode for simultaneous TX of parent and child links
As shown in Figure 2, case#6 timing is defined as follows,
· The DL transmission timing for all IAB-nodes is aligned with the parent IAB-node or donor DL timing; 
· The UL transmission timing of an IAB-node can be aligned with the IAB-node’s DL transmission timing.
Since case #6 timing for simultaneous TX of parent and child links may require maintenance of separate RX timing, it is concluded in the TR38.874 that the use of case 6, if supported, at the IAB node should be under control of the parent node or network. The control depends on the usage scenario. In the case where simultaneous TX is operated by using a single panel, then the UL TX timing of the parent BH should be tightly locked with the TX timing of the child DL. The parent node or network can only indicate which resources can be used for the simultaneous TX. The UL TX timing for those resources cannot be changed by the parent node or network. 
[bookmark: _GoBack]In case the DL TX and UL TX are operated by using separate panels with separate IFFTs, there could be some room to adjust the UL TX timing for the purpose of preferable RX timing at the parent node. Aligning the UL TX timing with the DL TX timing at the IAB node may help to mitigate the interference between those links. The parent node may optimize the UL TX timing considering its RX operation from both the perspectives of RX timing and interference mitigation. Depending on the requirement of timing alignment the parent node may still maintain the TA procedure for the simultaneous TX.    
Observation 3: In a scenario where simultaneous TX is operated by using a single panel, UL TX timing is not adjusted by the TA.
Observation 4: In a scenario where the UL TX and the DL TX are operated by using separate panels, the requirement on the degree of timing alignment for simultaneous TX is not clear.  From the perspective of RX operation at the parent node, it may still be useful to apply TA to the UL TX in a slot used for simultaneous TX.

Proposal 2: Clarify the requirement on the degree of timing alignment of case#6 timing for multi panel scenario. 

Conclusions
In this contribution, we discussed timing alignment for simultaneous operation of MT RX/DU RX and simultaneous operation of MT TX/DU TX. The observations and proposals are summarized as below,
Observation 1: Symbol-level alignment for case#7 timing in which UL RX timing is ahead of DL RX timing by a few symbols can be achieved by using the legacy TA mechanism. 
Observation 2: Slot-level alignment for case #7 can be achieved by introducing a symbol level timing shift in addition to the symbol-level alignment. The IAB node can schedule the child node and/or UEs which is capable or not capable of symbol level timing shift in the same slot.
Proposal 1: Support slot-level alignment of case #7 timing for simultaneous operation of MT RX/DU RX in Rel-17.
Observation 3: In a scenario where simultaneous TX is operated by using a single panel, UL TX timing is not adjusted by the TA.
Observation 4: In a scenario where the UL TX and the DL TX are operated by using separate panels, the requirement on the degree of timing alignment for simultaneous TX is not clear.  From the perspective of RX operation at the parent node, it may still be useful to apply TA to the UL TX in a slot used for simultaneous TX.
Proposal 2: Clarify the requirement on the degree of timing alignment of case#6 timing for multi panel scenarios. 
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