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Introduction
In RAN4#99e meeting it is concluded that except TAE for FFS no other RF requirement impact would be expected for timing enhancement on Rel-17 IAB, as power imbalance aspect would be taken into account in discussion of simultaneous operation. This contribution discusses further on timing related enhancement from RAN4 perspective based on based on corresponding PHY progress. 
Discussion   
In Rel-16, timing case#1 is supported with alignment of DL transmission of child IAB-DU to the DL transmission of its Donor gNB or Parent IAB-DU. The mechanism on OTA timing alignment is defined for IAB to adjust its DL transmission (TA/2 + T_delta) ahead of reception of donor gNB or Parent IAB-DU as one alternative way. It’s also possible for IAB to obtain DL timing by other timing reference such as GNSS. However, there is no constraint on how IAB node enable timing case#1 which is just left as implementation flexibility.
[bookmark: _Hlk49269411]Under Rel-17 eIAB WI earlier phase, timing case#6 and timing case#7 are agreed to be supported for IAB enhancement on simultaneous transmission or simultaneous reception scenarios:
	Agreement
· 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 following discussion, below agreements were made for timing case#6 which makes it’s possible to leverage on OTA timing alignment mechanism introduced in Rel-16 for Rel-17.
	Agreement
An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode
· FFS whether the Rel-16 OTA synchronization mechanism is sufficient or enhancements are required 
· If required, details of enhancements including the uplink timing(s) required to support different timing alignment cases
Agreement
Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for.


In the context of timing case#7 for simultaneous MT Rx and DU Rx, similar to timing case#6, Rel-16 OTA timing alignment mechanism can be applied as timing reference. 
	Agreement 
Select one or both of the following modes of operation for Case 7 timing in RAN1#104-e:
· symbol level alignment without slot level alignment
· slot level alignment
Agreement
An IAB-node, when operating in Case 7 timing mode, can enable a child node to set its DL Tx timing based on Rel-16 OTA timing synchronization mechanism.
· FFS whether Rel-16 OTA synchronization mechanism enhancements are required 
· FFS details of enhancements, if required



In Apr RAN1 discussion this year, there is not too much progress on timing detail except switching between timing case #1, Case #6 and Case #7 which seems no explicitly impact on RF requirement. 
	Agreement 
Case 7 timing is supported with symbol level alignment without explicit support for slot level alignment
Agreement
Switching between Case 1, Case 6, and Case 7 timing is supported.
· FFS whether Case 6 and Case 7 timing shall be restricted to certain resources, e.g. excluding resources used for access or TDM backhaul
· FFS details on switching including the switching conditions
· FFS relationship between switching timing modes with the usage/indication of different resource multiplexing modes
· FFS whether Rel-16 OTA synchronization shall be enhanced to support switching timing modes



And in last RAN1 meeting there are further agreements on alternatives for downselection on how IAB-node obtains timing case#6 timing configuration as below. For both Alt1 and Alt3, the timing reference is provided by parent node with certain timing offset indication. In Alt2 the IAB-MT transmission timing is aligned with its own IAB-DU DL transmission. 
	Agreement
RAN1 to downselect how the IAB-MT Tx timing is set for Case 6 timing at a given IAB-node:
· Alt1: the IAB-MT Tx timing is obtained by the node via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset.
· Alt2: the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· Alt3: the IAB-MT Tx timing is obtained by the node jointly with the IAB-DU Tx timing via a common offset from the parent node.
Downselection to consider at least the following aspects:
· Dependency of DL synchronization schemes at the IAB-DU
· Potential additional signaling overhead.
· Achievable DU Tx / MT Tx alignment error tolerance.
· Suitability for switching between timing modes.
Agreement 
An IAB-node is indicated when Case 6 timing is performed at the IAB-node.
· FFS details of the indication (e.g. semi-static and/or dynamic, implicit and/or explicit, linkage to multiplexing capability, etc.).
FFS whether an IAB-node is also indicated when Case 7 timing is performed at the IAB-node.


Each alternative would its own pros and cons. And RAN1 is the leading group to decide the mechanism to enable timing case#6 during this discussion. Regarding way forward agreed in RAN4 to study further on necessity to define the TAE between MT UL TX and DU DL TX, as indicated in our contribution submitted in May meeting there is no necessity identified for this requirement. According to legacy discussion the motivation for TAE of BS is to ensure UE successful reception with the time alignment error between two signal sources. While the IAB-MT and IAB-DU should direct to different receiver as one to parent link and the other to child link. Consequently, no receiver is expected to take signal from both IAB-MT and IAB-DU. Hence from our point of view, there is no necessity to define additional TAE requirement between IAB-DU and IAB-MT. But as indicated in RAN1 discussion, IAB-DU and IAB-MT alignment error if agreed to be addressed in RAN1 discussion and related request sent to inquire RAN4, the discussion is not precluded. However, at current stage it may be premature to go ahead in RAN4 discussion without RAN1 final decision on mechanism to be supported in Rel-17.
Proposal 1: there is no need to define TAE between IAB-DU TX and IAB-MT TX as RF requirement for Rel-17 IAB. 
Proposal 2: Time alignment accuracy discussion if needed should be triggered by RAN1 decision. 

[bookmark: _GoBack]For timing case#7 all candidate solutions on timing reference are based on configuration from parent node as agreement in table below. Obviously, RAN1 will continue on downselection among the alternatives with considerations addressed in chairman notes. There is no clear implication on RAN4 RF requirement based on current agreement as well. 
	Agreement 
RAN1 to downselect how the IAB-MT Tx timing is set at an IAB-node for Case 7 timing at the parent node:
· Alt1: the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
· FFS details of the required offset
· Alt2: the IAB-MT Tx timing of the node is obtained via the legacy TA loop from the parent node.
· Alt3: the IAB-MT Tx timing of the node is obtained via a Case 7 specific TA loop from the parent node.
Downselection to consider at least the following aspects:
· Potential impact to OTA synchronization availability for DU Tx at the IAB-node.
· Potential additional signaling overhead.
· Suitability for switching between timing modes.



Conclusion   
This contribution discusses further regarding the Rel-17 IAB enhancement on timing alignment mechanism based on corresponding agreement from RAN1 and RAN4. The conclusion is that there is no need to define TAE RF requirement for simultaneous transmission of IAB-DU and IAB-MT. However, it should not be precluded the discussion on timing alignment accuracy between two interface if agreed by RAN1 and request sent to RAN4.  
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