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Introduction
In RAN4#100e meeting the WF on timing enhancement agreed as below
	Timing error between IAB-DU and IAB-MT transmission within one node for timing case#6:
· Timing error between IAB-DU and IAB-MT simultaneous transmission is to be considered as new dedicated RAN4 requirement to be decided to capture it in which section in TS38.174.
· Study on associated test configuration and test model in performance part if the core requirement is agreed.
· Take 3us as starting point for maximum Timing error between IAB-DU and IAB-MT simultaneous transmission
· To review this value if improvement needed dependent on RAN1 agreement
Timing error between parent IAB-DU and child node IAB-DU transmission:
· It is acknowledged that for shared hardware architecture, the parent IAB node can tolerate the certain value of timing error uncertainty between its child IAB node and its own DL timing
· FFS on the value of time error tolerance on parent IAB node 
· To investigate if this has already been covered in Rel-16 cell phase synch requirement and can be ensured in legacy release.
· No RAN4 RF requirement impact is expected due to this currently. 
· This can be reviewed if update needed due to further agreement in RAN1


In RAN1#106-e and RAN1#106e, the following agreement was made for Case 6 timing:
	Agreement
For Case 6 timing at a given IAB-node, the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.
· FFS: Need for additional details with reference to support of OTA synchronization (e.g. T_delta)
RAN1 to downselect in RAN1#107-e one of the following for an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode:
· Alt 1: no change or enhancement to the Rel-16 OTA synchronization specification is supported in Rel-17 for Case 6 timing.
· Alt 2: in Rel-17 the Rel-16 OTA synchronization specification is updated to support OTA synchronization for an IAB-node operating solely in Case 6 timing during IAB-MT Tx. 
· FFS range of T_delta.



In RAN1#106-e and RAN1#106bis e, the following was agreed for Case 7 timing at the parent node:
	Agreement
For Case 7 timing at a parent node, the IAB-MT Tx timing of the node is obtained via the legacy TA loop plus an offset from the parent node.
· Case 7 UL timing offset is indicated by the parent-node via MAC-CE
· The granularity of Case 7 UL timing offset is the same as the UL TA granularity.
· FFS on TA range



For timing mode indication, it’s agreed that
	Agreement
An IAB-node is explicitly indicated by the parent node when Case 6 timing is performed at the IAB-node at least for specific time resources.
· FFS: whether the indication should be associated with another dimensions, e.g. multiplexing cases
· FFS whether an IAB-node is explicitly indicated by the parent node when Case 7 timing is performed at the IAB-node.



This contribution discusses further on timing related enhancement from RAN4 perspective based on above RAN4 agreement and corresponding PHY layer progress. 
Discussion   
Timing error between IAB-DU and IAB-MT transmission within one node for timing case#6
According to RAN1 agreement on case 6 timing for simultaneous MT-TX/DU-TX, the discussion converges on Alt2 generated in RAN1#105. But there is still a divergence of views on whether the Rel-16 OTA synchronization mechanism should be updated for operation in Case 6 timing. The controversial issues are such as whether extension of T_delta range is required or whether operation in case 6 timing without switching back to case 1 timing is normal case. Considering these, the remaining issue on case 6 in RAN1 should have no significant implication on timing error for simultaneous MT-TX/DU-TX in RAN4 discussion. 
Observation 1: RAN1 remaining issue on timing case# 6 has no significant impact on RAN4 discussion
As discussed before, if timing error between intra-node IAB-MT and IAB-DU to be defined, this should be recognized as minimum requirement or upper boundary verification which should be agnostic to specific implementation and/or conditions, similar to many other RF requirements. Of course this should be applied only for IAB node for which [case 6 timing alignment] reports as supported. Apparently, there is similarity between TAE of BS node (or IAB-DU) and timing error of this case from transmitter perspective. But still the IAB-MT and IAB-DU are not expected to point to the same receiver as one to parent link and the other to child link as emphasized before. Furthermore, the typical case should be that coverage of IAB-MT and IAB-DU will not be overlapping in reality. Obviously, there is no restriction e.g. timing misalignment within certain ratio of CP length to enable the single FFT implementation of reception for this case. On the other hand, it’s believed the switching from case1 timing to case 6 timing should be transparent to UE served by IAB-DU link. No additional effort is expected for UE under such condition. And the for the donor IAB-DU which indicates this transition to its subsequent child node as target should be well prepared for this update and it should be able to ensure corresponding adjustment on its own reception timing. Moreover, from angle of parent node UL reception of child node in case 6 timing could not be multiplexed with other UEs and IAB node. Hence specific fine tuning is possible for this restricted and dedicated case. Based on above considerations, it’s suggested that if timing error to be defined for this case 3us would be reasonable level which perfectly matches the purpose of this requirement.   
Observation 2: no UE behavior update is expected due to IAB operation in case 6 timing.
Observation 3: dedicated improvement if needed on reception of parent IAB for child IAB operation in case#6 timing could be achieved on case by case basis. 
Proposal 1: 3us is agreeable as maximum timing error between intra-node IAB-DU and IAB-MT in case# 6 timing operation. 

Timing error between parent IAB-DU and child node IAB-DU transmission
This issue is kind of consequent case of previous one. However, it’s not convinced yet why dedicated requirement or specific improvement needed for this case. According to RAN1 current discussion for timing case#6 the UL timing is obtained together with the node’s DL timing. The timing error between parent IAB-DU and child node IAB-DU transmission should still be the same as cell phase synchronization defined in RRM specification as 3us regardless of IAB implementation. Hence no further specification effort needed on this aspect according to our understanding.
Proposal 2: Timing error between parent IAB-DU and child node IAB-DU transmission is the same as 3us and there is no specification impact for this. 

Timing case#7
Timing case #7 is for simultaneous MT-Rx/DU-Rx case. And in RAN1 discussion is with respect to the configuration mechanism of its child node’s UL TX timing. According to latest agreement the UL timing is “obtained via the legacy TA loop plus an offset from the parent node” in which the offset mechanism is similar to legacy TA comment except FFS on offset range. Obviously, there is no RF impact due to this enhancement. And it’s supposed the necessity on new RRM requirement for this is also limited. However, it should be decided finally in RRM session. 
[bookmark: _GoBack]Proposal 3: Timing case#7 has no RF requirement impact on IAB.  
Conclusion   
This contribution discusses further regarding the Rel-17 IAB enhancement on timing alignment mechanism based on corresponding agreement from RAN1 and RAN4. The proposals are as below:
Proposal 1: 3us is agreeable as maximum timing error between intra-node IAB-DU and IAB-MT in case# 6 timing operation. 
Proposal 2: Timing error between parent IAB-DU and child node IAB-DU transmission is the same as 3us and there is no specification impact for this. 
Proposal 3: Timing case#7 has no RF requirement impact on IAB.  
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