3GPP TSG-RAN WG4 Meeting #101-bis-e                                            R4-2200937                                                                  
Electronic Meeting, 17th– 25thJan, 2022


Agenda Item:    6.17.2.2	
Source:         Samsung
Title:            Timing enhancement on Rel-17 IAB  
Document for:   Approval 
Introduction
Regarding the RF requirement impact to enable timing case#6 as Rel-17 IAB enhancement, there is still remaining issue as summarized in WF agreed in RAN#101e. This contribution provides summary on background and further analysis on this issue with the goal to complete the technical detail within this meeting according to the agreed RAN4 work plan.  
Background in Rel-16 for timing case#1     
According to RAN1 conclusion the timing case#1 for IAB supported in Rel-16 can be supported by OTA timing synchronization mechanism or other solution such as GNSS.
	-	Case #1: DL transmission timing alignment across IAB-nodes and IAB-donors:
-	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.


OTA sync mechanism for IAB operation is derived by two factors as illustrated in figure 1 of LS from RAN1. One is TA, which is the gap between child IAB-MT UL TX and DL RX. The other one is Tg, which is gap between Parent-DU UL RX and DL TX. The key point for OAT time alignment is to derive the propagation delay correctly based on the TA, TA offset and T_delta introduced for IAB. T_delta specified in Rel-16 for case#1 is to compensate the potential misalignment UL RX and DL TX in parent side. 
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Figure 1
In RRM session, agreement is reached on Rel-16 OTA based synchronization with timing case#1 as that RAN4 does not specify OTA synchronization (OTA-S) accuracy for IAB node and Synchronization accuracy requirement defined in the legacy RRM specification shall also be applied for multi-hop scenarios for IAB.  
For cell phase synchronization requirement even the 3us accuracy is applied to nodes with overlapping coverage condition. That means in reality the synchronization accuracy is not mandatory to be requested or to be verified even it’s achievable between parent node DL and Child node DL if there is no overlapping coverage of two cells with co-existence purpose dependent on deployment scenario. No OTA synchronization accuracy is defined due to lack of necessity, since legacy cell phase sync accuracy applicable, and lack of feasibility since OTA-S would be implementation and deployment dependent which may result in huge complexity in requirement design and verification. 
Observation 1: Parent IAB-DU and Child IAB-DU DL synchronization requirement has been discussed and confirmed to the same as legacy cell phase accuracy requirement for timing case#1. 
Observation 2: from co-existence purpose the legacy sync accuracy would be enough to guarantee the system performance. 
Observation 3: no OTA-S requirement has been introduced in Rel-16 considering the necessity and complexity.  

Latest agreement in Rel-17 for timing case#6     
Similar to timing case#1, the timing case#6 can be supported by timing synchronization through OTA. Timing case#6 means simultaneous transmission between IAB-MT and IAB-DU within intra-node. This is understood to be supported in Rel-17 for IAB-nodes operating in multiplexing scenario 1. Furthermore, there is no constraint on synchronization solution of IAB node, i.e., same to timing case#1, both OTA based synchronization mechanism and other implementation solution such as GNSS are allowed for IAB timing case#6.
	-	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;
-	The UL transmission timing of an IAB-node can be aligned with the IAB-node's DL transmission timing.



According to [1] the RAN1 latest agreement on timing case#6 is as:
	Agreement
Select Alt 2 from the aforementioned RAN1#106b-e agreement without specification impact other than the following:
· Alt A: the T_delta range is updated to support Case 6 timing.
FFS: Update of one way delay estimation equation in TS38.213 subclause 14



Where the Alt2 in RAN#106b-e is that, 
	Agreement
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.
NOTE: this is to provide a feasible solution to the RAN1#103-e agreement: “An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode”



In agreed CR [4] to TS38.213 timing case#6 is incorporated as below besides the timing case#1 included in Rel-16. 
“If the indicated IAB-MT transmission timing mode in a slot is set to ‘Case6’, the IAB-node sets the IAB-MT transmission time to the transmission time of the IAB-DU.”
According to above agreement, it’s expected that the dedicated update on timing case#6, especially for T_delta range and to derive the preparation delay, will be further decided and specified in RAN1.If necessary the potential misalignment between DL timing of Parent and UL timing of Child in timing case#6 can be resolved as well. However, for OTA timing alignment, the timing case#1 and case#6 share common OTA-S framework with potential different equation. 
Observation 4: To enable timing case#6 by OTA synchronization, the mechanism would be still based the same criteria baseline applied for timing case#1. 
Observation 5: Rel-16 OTA synchronization specification will be updated further on T_delta range dedicatedly for timing case#6 to correct potential misalignment between parent and child.  

Discussion on IAB timing related requirement      
In context of requirement impact due to Rel-17 timing case#6, there are two aspects have been discussed as: 
· Aspect 1: Timing misalignment between parent node and child node
· Aspect 2: Timing error between intra-node IAB-MT and IAB-DU
Timing misalignment between parent node and child node 
As clarified in previous discussion, the aspect 1 is traditionally out of RF requirement scope, in which the specification and verification is intend only for intra-node. Even we also agree that the timing misalignment between parent DL and child UL would be one important factor should be considered, it’s believed this would be resolved by RAN1 update design as child will compensate the misalignment according to signal from Parent node. Furthermore, the concern such as necessity and complexity to define dedicated requirement considered in timing case#1 should be still valid for timing case#6. However, this should be still the decision in RRM session. And as agreed in previous meeting, RRM impact due to timing case#6 will be discussed further.     
Observation 6: PHY design would be available to enable the compensation on misalignment between parent and child node by child IAB. 
Proposal 1: whether additional timing misalignment between parent node and child node should be defined for timing case#6 should be decision in RRM session. 

Timing error between intra-node IAB-MT and IAB-DU
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. The purpose of this requirement is to verify the IAB node with case 6 timing alignment capability operates correctly when is configured as case 6 timing mode. From this angle, it should be recognized as functional requirement. And it’s believed that 3us would be adequate from co-existence perspective for this verification.  
Observation 7: 3us timing error between IAB-MT and IAB-DU for intra-node in case 6 timing would be enough range from co-existence perspective for functional verification. 
It should be emphasized that 3us error suggested here is not the shift to absolute reference timing with +/- range but a relative timing deviation between two interfaces, i.e. IAB-MT and IAB-DU. Take cell phase accuracy as example, if there are three cells with overlapping coverage among any two of them to be synchronized, that means for in any pair of cells each cell will share 1.5us shift to common reference. As the result the 3us sync will be ensured in any two of them. The same story to IAB, the 3us timing error between IAB-MT and IAB-DU doesn’t result in up to 6 us misalignment between child and parent. 3us sync between any pair of interface would be still possible. Furthermore as aforementioned OTA-S mechanism for timing case#6 is also available to compensate the remaining misalignment between Parent DL timing and Child UL timing as the timing case#6 is controllable by parent node. Hence the 3us timing error within IAB-node may not have directly impact on parent node reception.  
Observation 8: Timing error within IAB-MT and IAB-DU are relative accuracy between two interfaces with no directly impact on parent node reception. 
Apparently, there is similarity between TAE of BS node (or IAB-DU) and timing error of this case from transmitter perspective. The existing TAE requirement defined for IAB-DU or gNB is up to 3us as for intra-band non-contiguous CA and inter-band CA. And there is no constraint on IAB-DU or gNB implementation. Based on it’s believed 3us misalignment would have no impact on intra-node transmission, which should be valid to timing error for IAB-MT and IAB-DU. On the other side, the test efficiency improvement has been enable in Rel-16 conformance testing discussion. Consider the commonality between TAE and timing error, it’s not precluded this test efficient improvement to be extended to this requirement but left to future discussion in perf phase. 
Observation 9: 3us TAE has already been supported in gNB and IAB-DU for inter-band /intra-band non-contiguous CA and no issue identified for intra-node transmission. 

In summary, the 3us timing error for intra-node IAB-MT and IAB-DU is enough for co-existence purpose. And there is no issue identified for neither parent reception nor intra-node transmission. Hence we have below proposal:
Proposal 2: 3us timing error is applied to IAB-node operating in case 6 timing alignment. 
Conclusion   
In this contribution, the timing error for IAB node in timing case#6 operation is analysed further and it’s suggested to introduce 3us as upper boundary for timing error between IAB-DU and IAB-MT. More detailed observations and proposals are as below.
For case 1 timing: 
Observation 1: Parent IAB-DU and Child IAB-DU DL synchronization requirement has been discussed and confirmed to the same as legacy cell phase accuracy requirement for timing case#1. 
Observation 2: from co-existence purpose the legacy sync accuracy would be enough to guarantee the system performance. 
Observation 3: no OTA-S requirement has been introduced in Rel-16 considering the necessity and complexity.  

For case 6 timing RAN1 conclusion:
Observation 4: To enable timing case#6 by OTA synchronization, the mechanism would be still based the same criteria baseline applied for timing case#1. 
Observation 5: Rel-16 OTA synchronization specification will be updated further on T_delta range dedicatedly for timing case#6 to correct potential misalignment between parent and child.  

For case 6 timing RAN4 requirement:
Observation 6: PHY design would be available to enable the compensation on misalignment between parent and child node by child IAB. 
Proposal 1: whether additional timing misalignment between parent node and child node should be defined for timing case#6 should be decision in RRM session. 
Observation 6: 3us timing error between IAB-MT and IAB-DU for intra-node in case 6 timing would be enough range from co-existence perspective for functional verification. 
Observation 8: Timing error within IAB-MT and IAB-DU are relative accuracy between two interfaces with no directly impact on parent node reception. 
Observation 9: 3us TAE has already been supported in gNB and IAB-DU for inter-band /intra-band non-contiguous CA and no issue identified for intra-node transmission. 
Proposal 2: 3us timing error is applied to IAB-node operating in case 6 timing alignment. 
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