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1. Introduction

For 5G new radio design, there are some agreements on IAB nodes as quoted below [1]:          

Agreements:

· IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to a half-duplex constraint. Further study the following solutions for the different multiplexing options:

· Mechanisms for orthogonal partitioning of time slots or frequency resources between access and backhaul links across one or multiple hops

· Utilization of different DL/UL slot configurations for access and backhaul links

· DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links.
· Interference management including cross-link interference
· Note: the level of required enhancement or optimization for the different options is FFS

Agreements:

· IAB supports TA-based synchronization between IAB nodes, including across multiple backhaul hops

· Enhancements to existing mechanisms can be further studied

· The following cases should be further studied:

· 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 slots

· Further study the following levels of alignment between IAB nodes/donor nodes or within an IAB node:

· Slot alignment

· Symbol-level alignment

· No alignment

· Further consider the impact of different cases on TDM/FDM/SDM multiplexing of access and backhaul links, cross-link interference, and impact on access UEs

In this contribution, we discuss the timing alignment between access link and backhaul link for IAB nodes.
2. Discussion 

In last meeting,
it is agreed that IAB supports TDM, FDM, and SDM between access link and backhaul links at an IAB node, subject to a half-duplex constraint. It is to mean that an IAB node can transmit DL transmission in access link and transmit transmission to parent node in backhaul link in the same time, but different frequency resources. It is also to mean that an IAB node can receive UL transmission in access link and receive transmission from parent node in backhaul link in the same time, but different frequency resources. Due to half-duplex constraint, the DL/UL setting in access link, such as DL/UL configuration and/or slot format indication, may be subject to the semi-static/dynamic transmissions in backhaul link for FDM/SDM multiplexing slots.
In last meeting, it is also agreed that TA-based synchronization between IAB nodes. Moreover, five cases are for further studied. [1][2]
· 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 slots
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Figure 1: Five cases of timing alignment

As shown in the Figure 1, for Case 2~4, the access link (AL) timing of child node may be shifted backward or forward comparing to timing boundary of parent node. Given support of multiple backhaul hops, the shift of access link timing will be extended as backhaul hop level increases. Thus, each IAB node will have respective access link timing. The un-synchronization access link between IAB nodes may be hard to perform inter-IAB node coordination, such as TDM of SSBs, SSB muting across IAB nodes, CLI mitigation. Moreover, if IAB nodes share the same physical cell ID, un-synchronization access link induces interference and confusion on UE synchronization, especially for the UEs around coverage edge. Besides, if route switching occurs or topology adapts, the backhaul hop level of an IAB node may change. Accordingly, the access link timing of the IAB node may change, and it induces impact on time synchronization of all serving UEs. Thus, case 1 and case 5 may be preferred considering multiple backhaul hops. 
As for case 5, it seems to imply that the FDM/SDM multiplexing between access link and backhaul link (BHL) cannot be applied since access link timing and backhaul link timing are in different time slots. Only TDM multiplexing may not be flexible enough for scheduling transmissions between access link and backhaul link. Thus, the case 1 may be considered for setting access link timing of an IAB node.
Observation 1: For case 2~4, time shift of access link timing of an IAB node will extend as backhaul hop level increases. And, un-synchronization access link between IAB nodes may be hard to perform inter-IAB node coordination.
Observation 2: For case 5, FDM/SDM multiplexing between access link and backhaul link may not be applied.
Proposal 1: Case 1 is adopted for setting access link timing of an IAB node.
For the case 1, backhaul link and access link are applied with different DL and UL timing for an IAB node. Considering TDM multiplexing is adopted, some symbols may be collided between a slot in backhaul link and a slot in access link. Then, the backhaul link transmission may interference with some symbols in access link, such as the symbols “ｘ” shown in Case 1 of figure 2. Depending on the propagation delay between IAB nodes, the parent node may set the last some symbols as gap for backhaul link transmission to its child node, to avoid interference on access link of child node. And, the child node may set the first some symbols as gap for backhaul link transmission to its parent node, to avoid interference on access link of child node.
Proposal 2: Some symbols in backhaul link are required to set as gap for avoiding interference to access link.
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Figure 2
Next consideration is the alignment level between IAB nodes. From the aspect of receiver, receiving timing from each node and/or UEs has to be synchronized with symbol level alignment. It is to keep time difference between multiple receiving timing within CP, otherwise interference will occur and reception performance will degrade. Given that FDM/SDM multiplexing between access link and backhaul link are to be supported, a child node may receive UL transmission in access link and transmission in backhaul link simultaneously. To avoid interference, the UL transmission in access link and transmission in backhaul link may need to be received with symbol level alignment. 
To achieve this, some alternatives may be considered for adjusting transmission timing. For an instance shown in Case 1A in figure 2, the parent node may apply an offset on the symbol timing for transmission in backhaul link. The offset is to ensure symbol level alignment for reception in the child node. Since the parent node can estimate the propagation delay while the child performs access as a UE, the parent node can know how to adjust transmission timing, such as estimate the time length of the offset, on the symbol timing for transmission in backhaul link. The alternative may induce some complexity on the parent node to apply different symbol timing for transmission in backhaul link and DL transmission in access link.
Proposal 3: Symbol level reception alignment between backhaul link and access link is required for supporting FDM/SDM multiplexing. How to adjust symbol timing for transmission in backhaul link can be for study.
3. Conclusion

In this contribution, we discuss the timing alignment between access link and backhaul link for IAB nodes and have the following proposals:

Proposal 1: Case 1 is adopted for setting access link timing of an IAB node.
Proposal 2: Some symbols in backhaul link are required to set as gap for avoiding interference to access link.
Proposal 3: Symbol level reception alignment between backhaul link and access link is required for supporting FDM/SDM multiplexing. How to adjust symbol timing for transmission in backhaul link can be for study.
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