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1. Introduction

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

Agreements:

· At least Case #1 is supported for both access and backhaul link transmission timing. 

· Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)

· 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 (e.g. TA/2 adjustment as in Case #1)

· the UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing

· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):

· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)

· the UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 

· FFS: TA required for IAB nodes to support these cases

· For Case #6 and Case #7 further consider the potential impact of imperfect timing adjustment, overhead of required DL/UL switching gaps, and scheduling impact on access UEs and child IAB nodes

· Study to include aspects (including feasibility) when the IAB node is connected to one or multiple parent nodes

In this contribution, we discuss the timing alignment between access link and backhaul link for IAB nodes.
(Note: This document is a revision of R1-1809250. [2])
2. Discussion 

In last meeting, it is agreed that at least Case #1 is supported for both access and backhaul link transmission timing, and case 6 and 7 are added for further study. Following figure 1 shows the illustration of these cases. 
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Figure 1

Since RAN1 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. Thus, an IAB node can transmit DL transmission in access link and transmit UL transmission to parent node in backhaul link in the same time. Also, an IAB node can receive UL transmission in access link and receive DL transmission from parent node in backhaul link in the same time.
As for case 1 and 7, backhaul link and access link are applied with different UL and DL transmit timing for an IAB node. Some symbols may be collided between a current slot in backhaul link and a previous slot in access link. Then, the backhaul link transmission may interference with some symbols in access link, such as the symbols “ｘ” shown in figure 2. Especially the symbols “x” may encounter UL transmission in access link and UL transmission in backhaul link, and then IAB node will drop one link transmission due to half-duplex constraint. Accordingly, the child node may set the first some symbols as gap for backhaul link transmission to its parent node, to avoid transmit interference on access link of child node.

Observation 1: For case 1 and case 7, some symbols in backhaul link may induce transmit interference with access link.
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Figure 2
As for case 1 and 6, backhaul link and access link are applied with different UL and DL reception timing for an IAB node. 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 DL transmission in backhaul link simultaneously. To avoid interference, symbol level alignment may be required for reception on both backhaul link and access link. 
To achieve this, parent node may adjust transmission timing without shifting slot boundary. For an instance shown in Case 1a and Case 6a in figure 3, the parent node may apply an offset on the transmission timing for DL 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 transmission timing without shifting slot boundary. The alternative may induce some complexity on the parent node to apply different transmission timing for DL transmission to child node or UE.

Observation 2: For case 1 and case 6, reception interference may occur due to symbol level reception misalignment between access link and backhaul link.
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Figure 3
Based on above analysis and observation, each case has its concerns. Considering IAB node may operate in unpaired spectrum, it should try to avoid slot boundary variation in IAB node. Thus, we propose to support case 6 for solving transmit interference. Also, it can be consider to adjust transmission timing without shifting slot boundary for solving receive interference, as shown in Case 6a and case 6b (align all slot boundary).
Proposal 1: Case 6 is adopted for setting access and backhaul link transmission timing. How to avoid inference due to symbol level reception misalignment can be for further 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:

Observation 1: For case 1 and case 7, some symbols in backhaul link may induce transmit interference with access link.

Observation 2: For case 1 and case 6, reception interference may occur due to symbol level reception misalignment between access link and backhaul link.

Proposal 1: Case 6 is adopted for setting access and backhaul link transmission timing. How to avoid inference due to symbol level reception misalignment can be for further study
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