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1 Introduction
In RAN1 #93 and #94 meetings, the following agreements were made for enhancements to support NR backhaul links [1][2]. 

Agreements:

· Downlink IAB transmissions (transmissions from an IAB node to child IAB nodes and UEs directly under the IAB node) should be scheduled by the IAB node itself.

· Uplink IAB transmission (transmissions from an IAB node to its parent node) should be scheduled by the parent node.

· Semi-static (on the timescale of RRC signalling) should be supported for resource (frequency, time in terms of slot/slot format, etc.) coordination between IAB nodes. 

· The following aspects should be further studied:

· Distributed or centralized coordination mechanisms

· Resource granularity of the required signalling (e.g. TDD configuration pattern)

· Exchange of L1 and/or L3 measurements between IAB nodes

· Exchange of topology related information (e.g. hop order) impacting RAN1 study

· Resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination

Agreements:

· CLI mitigation techniques including advanced receivers and transmitter coordination should be studied and prioritized in terms of complexity and performance.

· CLI mitigation techniques should be able to manage the following inter IAB node interference scenarios:

· Case 1: Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in UL in the backhaul link.

· Case 2: Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in DL in the access link.

· Case 3: Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in UL in the backhaul link.

· Case 4: Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in DL in the access link.

· Note: In this case access links include links to and from the IAB node to child IAB nodes and UEs which are served by the IAB node

· CLI measurements such as short-term and long-term measurements, and multiple-antenna and beamforming based measurements should be studied to enable CLI mitigation in IAB.

· Mechanisms for inter IAB node CLI measurement need to be able to capture Cases 1-4. 
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 multi-hop scheduling and resource coordination, cross-link interference management and timing alignment.
2 Discussion
2.1
Multi-hop scheduling and resource coordination
In RAN1 #93 meeting, it was agreed that downlink scheduling is performed by IAB-N itself and uplink scheduling is performed by the parent node. Therefore, IAB-N can only perform scheduling within the allocated resources which have been coordinated to avoid resource conflicts. For IAB resource coordination, two types of resource coordination schemes can be considered for multi-hop resource coordination. These are centralized coordination and distributed coordination. IAB-N can use coordinated resources for both access and backhaul link.
(1) Centralized coordination

- Resources that are used in all IAB-N are coordinated by a central entity such as an IAB-D

- Coordinated resources will be signalled for all IAB-Ns in a hop by hop manner.
(2) Distributed coordination

- Resources are coordinated in a distributed manner. 
- Hierarchical grant where the resources for a child IAB-N are granted by a parent IAB-N can be considered.
For centralized coordination, the resources that are used in the IAB-N can be coordinated and provided by a centralized entity such as IAB-D. IAB-N uses allocated resources for access and backhaul link transmissions. Since all resources are coordinated in a centralized manner, orthogonal resource coordination and high resource efficiency can be achieved. On the other hand, signalling overhead for resource coordination may be a concern because all information required for resource coordination should be gathered at the centralized entity. Semi-static resource coordination can help to reduce the signalling overhead.
For distributed coordination, the resources that are used for IAB-N can be allocated by a lower hop level IAB-N/IAB-D and each resource coordinator provides resources from its own allocated resources. In this case, hierarchical coordination where the resources for a child IAB-N are granted by a parent IAB-N can be considered as shown in Figure 1. Although distributed coordination can reduce signalling overhead and may achieve more dynamic coordination compared to centralized coordination, it will lead to resource conflict or inefficient resource utilization.
Since both centralized and distributed coordination can be used in IAB, both mechanisms should be supported, and required enhancements should be further studied.
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Observation 1:
Both the centralized and distributed schemes have benefits and disadvantages in resource allocation.
Proposal 1: Both centralized and distributed coordination should be further studied in IAB.
Regarding resource granularity of the required signalling, since Release 15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link, the same granularity in Release 15 NR should be adopted. Therefore, at least slot granularity coordination can be supported for time domain coordination. For the frequency domain granularity, resource block granularity can be supported. BWP configuration can be assumed as baseline. If finer granularity is required, the required signalling can be further studied.
In addition, exchanging of topology related information should be introduced. It is beneficial to use such information for resource coordination. For example, hop order, location information, measurement reporting, etc can be considered.
Proposal 2: Slot granularity coordination should be supported for time domain coordination. Resource block granularity should be supported for frequency domain coordination.
Proposal 3: Exchanging of topology related information should be introduced for resource coordination.
2.2
Cross Link Interference management
For efficient and flexible operation in IAB, one important function is resource coordination both (1) between backhaul and access links, (2) amongst backhaul links. Good coordination can result in the allocation of orthogonal resources (in the time, frequency and space axis) for these links and so mitigate inter-link interference. However, as the topology of the IAB scenario is more complex compared to the general cellular link topology, it would be difficult for the resource coordination entity to fully capture all interference conditions for each link properly, so orthogonality of link resources is likely to be suboptimal. This can be mitigated by adopting CLI measurement mechanisms whose results can then be used to achieve a more optimal orthogonal resource allocation for all the links. Especially for FDM operation in the access link, in-band emission (IBE) impact needs to be carefully taken into account. 

Assuming semi-static/dynamic resource coordination in the IAB nodes, both short term and long-term measurement are beneficial. Such CLI measurement can be configured for both IAB-N and UEs. Since no mobility is assumed in the IAB-N deployment in this study, at least long term CLI measurement can be configured for IAB-N. For UE CLI measurement, considering CLI measurement burden in IAB, it is necessary to minimize measurement at UE side. 

In addition, measurement reporting should be properly delivered to the resource coordinator so that the resource coordinator can allocate proper resources to mitigate interference. It would be also necessary to measure and report SDM related information such as angle of arrival, location of measurement node/UE so that the resource coordinator can properly allocate resources in an SDM manner if needed.

Proposal 4:
Long term CLI measurement can be configured for IAB-N. The CLI measurement burden at UE side should be minimized.
2.3
Timing and synchronisation
In the RAN1 #94 meeting, 2types were identified in addition to existing 5types as shown below.
· 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
· Case 6 Case 1 DL transmission timing + Case 2 UL transmission timing
· Case 7 Case 1 DL transmission timing + Case 3 UL reception timing
Case 1 timing alignment can be applied for TDM multiplexing. Since the network is synchronized and all DL transmission is aligned, it brings some benefits for UEs. Case 2, 3 and 4 timing alignment are beneficial from spectrum efficiency perspective. However, since the network is not synchronized, timing coordination such as timing gap at IAB-N should be introduced. Case 5 timing alignment is hybrid operation of Case 1 and Case 4. It can achieve synchronized transmission for access link while achieving high spectrum efficiency in the backhaul link. Since access link transmission is synchronized similar with Case 1, it is also beneficial for UEs. To coordinate backhaul and access link at IAB-N, timing coordination should be introduced. 
In addition to Case 1-5, Case 6 and 7 were also identified in the previous meeting. Both cases can achieve synchronous network since the DL transmission timing for all IAB-Ns is aligned with the parent IAB node or donor DL timing. Since these cases can support simultaneous transmission and reception, it is beneficial from spectrum efficiency perspective. However, since both cases need to adjust transmission timing or reception timing, if the IAB-N is connected to more than one parent nodes, it would be difficult to achieve timing alignment between these links simultaneously due to different propagation delay. One of the requirements in the IAB is to support redundant connection in the backhaul link for robustness. Therefore cases which can support multiple backhaul connection efficiently should be supported.
Proposal 5: Further study case(s) which can support multiple parent nodes connection.
3 Summary
In this contribution, the following observation and proposals are made:
Observation 1:
Both the centralized and distributed schemes have benefits and disadvantages in resource allocation.
Proposal 1: Both centralized and distributed coordination should be further studied in IAB.
Proposal 2: Slot granularity coordination should be supported for time domain coordination. Resource block granularity should be supported for frequency domain coordination.
Proposal 3: Exchanging of topology related information should be introduced for resource coordination.
Proposal 4:
Long term CLI measurement can be configured for IAB-N. The CLI measurement burden at UE side should be minimized.
Proposal 5: Further study case(s) which can support multiple parent nodes connection.
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