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1. Introduction
RAN1#96 [1] made the following agreements about the resource multiplexing between the backhaul and access links
Agreements:
· If a resource is configured as not available, the DU cannot assume it can use the resource 
· In case of hard DU resources, the DU can assume it can use the resource regardless of the MT’s configuration 
· FFS: Exception cases for specific signals/channels to be transmitted or received by the MT in the same resource (e.g. SS/PBCH blocks, SI reception, RACH) 
· In case of soft DU resources: 
· If the soft resource is indicated as available, the DU can assume it can use the resource
· If the soft resource is not indicated as available, the DU cannot assume it can use the resource 
· The use of soft resources at least corresponds to transmission/reception of specific signals and channels (e.g. PDSCH/PUSCH) at the DU 
· FFS the use of soft resources in case of cell-specific (e.g. SS/PBCH blocks, SI reception, RACH) signals and channels to be potentially transmitted/received at the DU
· Both implicit and explicit indication of the availability of soft resources at an IAB node is supported 
· In case of implicit indication of DU soft-resource availability, the IAB node knows that the DU resource can be used without impacting the MTs ability to transmit/receive according to its configuration and scheduling based on indirect means. Examples of such means may include:
· the lack of uplink scheduling grant at the MT
· no data available for MT transmission
· the configured MT search space, 
· configured RS measurement occasions (e.g. SSB/CSI-RS)
· FFS: consider whether the parent should be able to always be aware of/control the outcome of implicit indications at child nodes
· Explicit indication that a resource is available is based on DCI indication. The following options can be considered:
· SFI-like indication via DCI Format 2_0 
· Use of 2 SFI indications (e.g. based on multi-slot scheduling mechanism)
· Define a new DCI format
· Other options are not precluded
· FFS: whether an explicit indication that a resource is available always has priority over any implicit determination of the availability of a resource
· Further consider factors impacting the usage of soft resources at a child DU, including:
· MT’s decoding delay
· Information exchange delay between MT and DU
· DU’s PDSCH preparation time
· UE PUSCH preparation time
· Accumulated delay across hops
Agreements:
· Inter-IAB node conflict resolution can be supported by the following options (to be down-selected) 
1. Alt1: the parent node is aware of all of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs, 
2. Alt2: the parent node may be made aware of a subset of the DU resource configurations (D/U/F/H/S/NA) of its child IAB node DUs
3. FFS: whether the indication of the child DU resources at the parent is via explicit (e.g. F1-AP signaling) or implicit (e.g. based on child MT configuration) means

In this contribution, resource allocation strategies for multi-hop IAB scenario and transmission of high priority signals are presented. The effect of knowledge of child’s resource allocation at the parent is also discussed.
2. Discussions
Resource multiplexing in an IAB network is aimed at (i) avoiding conflicts/interference within and between IAB nodes (ii) avoiding resource wastage and (iii) reducing latency. In a TDM scenario, backhaul and access link resources are multiplexed in time. The DU of IAB node is configured with D/U/F/NA resources through F1-AP signaling from the CU. In addition, each of D/U/F resources is configured as hard or soft resource by CU through F1-AP signaling. The MT of the IAB node is configured with D/U/F resources through RRC signaling from the parent.
Resource allocation strategies for following scenario are presented in subsequent sections:
· Resource multiplexing in multi hop IAB scenario
· Transmission of high priority signals
The effect of knowledge of child’s resource allocation at the parent is also discussed.
3. Resource allocation rules in multi-hop IAB network	
	IAB network where there are multiple hops between the donor node and access UE is called a multi-hop network. A multi-hop IAB scenario is presented in FIG. 1, where three IAB nodes are involved.  The node IAB2 is considered as a reference node. Therefore, IAB1 and IAB3 are the parent and child nodes of IAB3, respectively. The resource allocation for MT and DU portion of an IAB nodes is done using semi-static signaling and/or through dynamic signaling. The resource allocation in IAB node is a challenging task depending on various scenarios subject to various constraints. In general, an IAB node is subject to half duplexing constraint. Again, in case of TDM, the parent and child link cannot be active simultaneously. Resource allocation without considering the device capability like half duplex and TDM constraint leads to conflicts, resource wastage and increase in latency. Therefore, certain set of rules are defined in assigning resources semi-statically and/or dynamically to MT and DU of an IAB node. 
[image: ]
FIG. 1: Multi-hop IAB scenario
3.1 Rules for semi static resource allocation
In semi-static resource allocation, the central unit (CU) of the donor node assign resources to all the DU’s through F1-AP signaling and parent DU allocate resources to child MT through RRC signaling. In multi-hop IAB scenario presented in FIG. 1, consider the following cases:
If DU2 is configured as hard, then 
· By definition, the resource is always available for link L2. Thus, the link L1 is not active and DU1 is NA
· The MT3 is configured depending on whether DU2 is DL/UL/F 
· If DU3 is configured as soft, the availability of soft resource for DU3 depends on the link L2. 
· If DU2 has some high priority signal for transmission/reception, then the resource cannot be shared with child DU3. Hence, DU3 is configured as NA to avoid unnecessary monitoring of dynamic signaling from the parent. In the absence of any high priority signal at DU2, the DU3 is configured as soft, and DU2 share the hard resource with child whenever there is no data/reference signal to transmit/receive.

If DU2 is configured as soft, then
· The availability of soft resource depends on the back-haul link and it will be handled using dynamic signaling. 
· Configuration of MT2 is any one of DL, UL and F, depending on the configuration of DU1. 
· Since the link L2 is conditionally available, MT3 should not transmit/receive anything unless instructed by its parent. Thus, MT3 is configured as F to avoid periodic transmission of UL reference signals or periodic reception of DL reference signals.
· DU3 cannot be configured as hard, as that leads to violation of TDM between parent and child links when L2 become active. However, configuring DU3 as soft also leads to certain limitations as shown in FIG. 2. Since DU3 is soft, its availability depends on the release of the resource by DU2, which in turn is controlled by DU1. However, the links L1 and L3 can be active simultaneously, as they belong to non-adjacent hops. Thus, allocation of soft resources for adjacent DUs results in resource wastage. Again, the permission to use the resource should come down the hop, resulting in aggregated delay. Further, the wastage and the delay increase down the hops. Two solutions are proposed for avoiding this scenario. 
· Allocate DU3 as NA, then DU4 can be allocated as hard and resource wastage can be avoided down the hops. 
· DU3 is configured as soft and IAB3 is dynamically deriving the permission to use the resource. This will be discussed in detail later in this contribution, under the section dynamic resource allocation.
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FIG. 2: Assigning soft resource for adjacent DUs in multi-hop IAB scenario
In FIG. 1, if DU2 is configured as NA, then
· By definition link L2 is inactive, thus DU1 can be configured as hard
· Since L2 is inactive, MT3 should be configured as F to avoid transmission/reception of periodic UL/DL reference signals
· DU3 can be configured as hard

The above observations are summarized in Table 1 below
	  	Table 1: Resource allocation pattern in multi-hop IAB network
	MT1
	
	
	

	DU1
	NA
	H
	H

	MT2
	F
	D/U/F depending on DU1 configuration
	D/U/F depending on DU1 configuration

	DU2
	H
	S
	NA

	MT3
	D/U/F depending on DU2 configuration
	F
	F

	DU3
	S/NA
	S/NA
	H



Proposal 1: Conflicts in multi-hop IAB scenario are avoided by allocating the resources using following rules:
a) When the parent node’s DU is hard, the child IAB node’s DU should be configured as soft or NA
b) When the child node’s DU needs to be configured as hard, the parent node’s DU should be NA
c) Configuration of the MT of the child node should be in line with the configuration of parent node’s DU

Proposal 2: In order to avoid resource wastage and incremental delay in multi-hop IAB scenario, DUs in adjacent hops should not be allocated soft resource simultaneously. CU should configure the second DU as NA instead of soft, and allocate hard to its child node

Proposal 3: The child MT is configured as F when parent DU is soft/NA, to avoid transmission of SRS and reception of CSI-RS in parent link which is not active and thereby avoiding interference and improving the energy efficiency

3.2 Rules for dynamic resource allocation
In dynamic resource allocation, a parent node configures resources for its child node. There are two aspects of dynamic resource allocation. In the first case, parent node assigns DL/UL allocation for the F slots at the child nodes. Indication of IA and INA for the soft resource of the child node is the second aspect of dynamic allocation, and it can be done in different ways like implicit and explicit. In case of explicit signaling, parent node provides exclusive indication about the availability of the resource. The signaling, which is used to indicate the availability of soft resource to child IAB node, will override the resource allocation of child MT. The explicit signaling is possible only when parent node has a hard resource available with it, otherwise IAB node must derive the information using implicit method. Consider the case when the parent DU is configured as soft/NA and child DU is soft. Since the parent DU is soft, it cannot send any IA to the child explicitly. Similarly, the parent cannot send any scheduling grant to the MT as well. In the absence of scheduling grant at the MT, the DU will derive the availability of resource by implicit means. Similarly, the availability of soft resource is derived by the IAB-DU implicitly when the IAB-MT is not having any data for transmission. Thus, implicit IA of the resource is derived by the child node by monitoring the control channel that carries scheduling information of DL and UL and is available only in the current slot. In other words, implicit IA is not possible for the future slot. 
Proposal 4: The rules for explicit and implicit signaling of availability of soft resource are proposed
· The explicit signaling IA is possible only when parent node has a hard resource available with it and should be for the current slot, aggregated slots or future slot
· The explicit signaling should deactivate child MT
· The IA is derived by the IAB node implicitly when the parent is configured soft/NA and it will be valid only for the current slot

In case the child DU is configured as Soft-UL, the child DU should schedule the resource for its child nodes apriori, so that the UL transmission can take place. If IA for the Soft resource is received in the same slot, then DU cannot communicate with its child and schedule the resource, as it is an UL slot. Thus, IA is required before hand in case of the Soft-UL resource. Based on the above discussion, it is clear that implicit indication cannot be available beforehand. Thus, only explicit signaling can be used for the IA of Soft-UL slot at the child node and the location of Soft-UL slots at the child should be known to the parent node beforehand. Again, explicit signaling should be for the current slot, aggregated slots or future slot. 
Proposal 5: The slots where child DU is configured as soft-UL should be known to parent DU apriori
Proposal 6: The parent should signal the IA for the soft-UL slot in advance in order to enable the child DU to provide UL grant to its child IAB nodes and access UEs 
· Implicit signaling cannot be used for indicating availability of soft-UL resource
	
If hard resource is available with the parent then, it is used for communicating with the child, or can be shared with the child, if parent link is free. However, if child DU is configured as NA, then child cannot use the resource shared by parent. Hence, IA signaling from parent is a not necessary when child DU is configured as NA. Therefore, parent node should know the slots of child nodes which are configured as NA to avoid this situation.

Proposal 7: The parent node needs to know slots where child DU is configured as NA in order to avoid unnecessary signaling overhead in dynamic signaling of IA or INA 

The major points in dynamic signaling are summarized in Table 2 given below
			
Table 2: Dynamic Signaling in Multi-hop IAB 
	
	Child DU

	
	H
	S
	NA

	Parent DU
	H
	Both links active simultaneously.
Creates conflict, to be avoided by CU.
	Ideal scenario.
Parent DU will indicate IA explicitly.

	Ideal for high priority signal transmission/reception in parent link.
Leads to resource wastage when parent link is inactive

	
	S
	Creates conflict, to be avoided by CU/Parent
	Child can derive IA implicitly, but leads to incremental delay. If child DU is soft-UL, then leads to resource wastage
	Child DU will not use the resource even though it can derive IA implicitly. Thus, leads to resource wastage

	
	NA
	Ideal scenario for allocating hard resource to child DU
	Odd situation, as soft is not under the control of parent.
Child can derive IA implicitly, but leads to incremental delay.
If child DU is soft-UL, then leads to resource wastage
	Leads to resource wastage, to be avoided by CU


4. Transmission of High Priority Signals	
[bookmark: _GoBack]DL synchronization and UL random access procedures are mandatory in a network for initial access, in order for the UE/child IAB to get attached to the parent IAB. Inter IAB measurements, after connection establishment are also essential. Signals such as synchronization signal blocks (SSB) used for downlink synchronization, random access signals used for uplink synchronization, system information block (SIB) used to provide essential information about the gNB to the newly introduced node etc., are defined for these purposes. These signals have higher priority compared to the data signals. Therefore, in an IAB scenario, certain set of resources must be reserved for transmitting/receiving these high priority signals. 
When the parent DU is configured as hard and needs to transmit/receive high priority information, it will not release the resources to the child DU. However, if the child DU is configured as soft, it will keep monitoring the backhaul link for IA/INA signaling. This is inefficient in terms of energy efficiency. In order to avoid this, the child DU should be configured as NA.
Proposal 8: When parent DU is configured as hard and has some high priority signal for transmission/reception, the child DU should be configured as NA, in order to avoid child MT monitoring for IA/INA in backhaul link
As mentioned above, making the child DU to be NA avoids conflicts and unnecessary monitoring when the parent is configured hard and has high priority signal for transmission. However, the IAB nodes separated by two hops can transmit high priority signal without causing interference to each other. This can be handled by configuring alternate DUs as hard simultaneously. In this case, the intermediate DU should be configured as NA.
Proposal 9: The DUs of alternate hops should be configured as hard and the intermediate DU should be configured as NA, in order to enable simultaneous transmission of high priority signals
However, there can be conflicting scenarios, in spite of an IAB node being allocated with hard resources. Consider the scenario in which, the number of hard resources is not sufficient for transmission of high priority signal at the IAB node, then IAB-DU has to schedule some high priority signal in the soft resource. If parent link is active at the same time and soft resource is not released for the IAB-DU then conflict will occur. Similarly, conflict occurs when the child DU have hard resource and MT has some high priority signal for transmission/reception. 
The simplest solution is when parent know the high priority signal transmission slots of the child. In that case, the parent will not schedule child MT.
Proposal 10: Conflict arises when the child DU is soft but needs to transmit/receive high priority signal, and the parent link configured as hard and is active. In order to avoid the conflict, the parent DU should be aware of the slots used for high priority signal transmission in the child DU, so that it will not transmit and schedule child MT in those slots
The child DU is configured with a soft resource but needs to transmit/receive high priority signal. The parent link is also active, does not have high priority signal for transmission/reception, but has scheduled the MT for transmission/reception on the backhaul link. In this situation, the child MT is informed of the high priority signal at the child DU. The child MT should send a signal to the parent DU requesting to suspend the transmission/reception on the backhaul link. The child DU can then transmit/receive high priority signals in the access link. This way interference between parent DU and child DU can be avoided. New L1 signaling in the uplink need to be defined for this purpose.
Proposal 11: When the child DU is soft but needs to transmit high priority signal for transmission and the parent link configured as hard and is active, the child MT should send a signal on the UL to parent DU in order to suspend transmission/reception in backhaul link
In half duplexing TDM scenario, the parent and child IAB nodes should transmit SSB in different time instants. The SSB duration is always confined within a half frame. Hence, the transmission of SSB from any two IAB nodes in adjacent hop should be in different half frames. 
Proposal 12: The transmission of SSB from any two IAB nodes in adjacent hop should be in different half frames
When the child DU is configured as hard and has no high priority signal to be transmitted/received, and the child MT needs to transmit/receive high priority signal, then the child DU should not schedule any of its child nodes/access UEs to transmit/receive, and the child MT transmits/receives the high priority signal in the backhaul link.
Proposal 13: The high priority signal at IAB-MT will override the configuration of IAB-DU 
When the child DU is configured as soft and the child MT needs to receive high priority signal, then the child MT should not monitor the IA/INA signaling, and MT performs reception of the high priority signal using the same resource.
Proposal 14: IAB MT should not monitor IA/INA signaling when it is configured to receive high priority signal
5. Information on child configuration at the parent 
	The semi-static allocation is done by the CU at the donor node, and the dynamic allocation is performed by the parent on top of that. For dynamic signaling, parent node should have information about the configuration of the child node and is provided by the CU through F1-AP signaling. If all the slot information of the child is known at the parent, then many of the conflicts can be avoided by that parent node itself, but at the cost of huge signaling overhead over F1-AP interface. On the contrary if parent is unaware of the child configuration, then there will be unnecessary signaling, which leads to resource wastage. 
Usefulness of knowledge of child’s resource allocation at the parent is considered
1. If parent knows hard resources of child DU, parent link will not communicate to child MT irrespective of its slot configuration
2. If parent knows soft resources of child, following can be done to avoid conflicts and resource wastage
· Parent shares the unused resource with that child
· If child DU is soft-UL, then parent provides advance explicit signaling to use the resource
3. If parent knows NA slots of child, then it will not share the unused resource with the child through explicit signaling, as the child link is inactive and that avoids the resource wastage

Proposal 15: Parent node should be aware of a subset of the child DU resource configurations (i.e., Alt.2)
· Soft UL and NA configurations of the child DU

6. Conclusion 
In this contribution, we have discussed on resource multiplexing among backhaul and access links. Based on the discussions, the following proposals are made.
[bookmark: _Hlk4829269]Proposal 1: Conflicts in multi-hop IAB scenario are avoided by allocating the resources using following rules:
d) When the parent node’s DU is hard, the child IAB node’s DU should be configured as soft or NA
e) When the child node’s DU needs to be configured as hard, the parent node’s DU should be NA
f) Configuration of the MT of the child node should be in line with the configuration of parent node’s DU
Proposal 2: In order to avoid resource wastage and incremental delay in multi-hop IAB scenario, DUs in adjacent hops should not be allocated soft resource simultaneously. CU should configure the second DU as NA instead of soft, and allocate hard to its child node
Proposal 3: The child MT is configured as F when parent DU is soft/NA, to avoid transmission of SRS and reception of CSI-RS in parent link which is not active and thereby avoiding interference and improving the energy efficiency
Proposal 4: The rules for explicit and implicit signaling of availability of soft resource are proposed
· The explicit signaling IA is possible only when parent node has a hard resource available with it and should be for the current slot, aggregated slots or future slot
· The explicit signaling should deactivate child MT
The IA is derived by the IAB node implicitly when the parent is configured soft/NA and it will be valid only for the current slot
Proposal 5: The slots where child DU is configured as soft-UL should be known to parent DU apriori
Proposal 6: The parent should signal the IA for the soft-UL slot in advance in order to enable the child DU to provide UL grant to its child IAB nodes and access UEs 
· Implicit signaling cannot be used for indicating availability of soft-UL resource
Proposal 7: The parent node needs to know slots where child DU is configured as NA in order to avoid unnecessary signaling overhead in dynamic signaling of IA or INA
Proposal 8: When parent DU is configured as hard and has some high priority signal for transmission/reception, the child DU should be configured as NA, in order to avoid child MT monitoring for IA/INA in backhaul link
Proposal 9: The DUs of alternate hops should be configured as hard and the intermediate DU should be configured as NA, in order to enable simultaneous transmission of high priority signals
Proposal 10: Conflict arises when the child DU is soft but needs to transmit/receive high priority signal, and the parent link configured as hard and is active. In order to avoid the conflict, the parent DU should be aware of the slots used for high priority signal transmission in the child DU, so that it will not transmit and schedule child MT in those slots
Proposal 11: When the child DU is soft but needs to transmit high priority signal for transmission and the parent link configured as hard and is active, the child MT should send a signal on the UL to parent DU in order to suspend transmission/reception in backhaul link
Proposal 12: The transmission of SSB from any two IAB nodes in adjacent hop should be in different half frames
Proposal 13: The high priority signal at IAB-MT will override the configuration of IAB-DU 
Proposal 14: IAB MT should not monitor IA/INA signaling when it is configured to receive high priority signal
Proposal 15: Parent node should be aware of a subset of the child DU resource configurations (i.e., Alt.2)
· Soft UL and NA configurations of the child DU
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